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Editorial on Research Topic
 Sensory Stimulation and Oxytocin: Their Roles in Social Interaction and Health Promotion




INTRODUCTION

The aim of this call was to collect papers describing how oxytocin may be released by different kinds of sensory stimulation to induce wellbeing and restorative processes and to inhibit pain, stress and inflammation. A large number of interesting articles of very high quality were received and 19 papers were accepted for publication.

All the included articles have contributed to expand the knowledge about oxytocin in a very substantial way both regarding its effect spectrum and regarding its association with sensory, somatosensory stimulation, in particular. In fact, the obtained data contribute to prove the hypothesis that the oxytocinergic system is a widespread integrative system, which is linked to social interaction, wellbeing, reduction of stress and pain as well as to reproductive, growth promoting and restorative effects. The activity of this archaic oxytocin system is under control of hormones and sensory nerves, which convey information regarding the state of the internal and the external environment. The oxytocin linked effects may be induced in the short-term as well as in the long-term perspective. All of the articles which were accepted and included in this issue, in their own unique way, contribute to describe oxytocin beyond its classical role in birth and milk ejection in accordance with the concept described above. We describe and discuss the data after having categorized the results presented in the articles according to certain subjects.



THE STRUCTURE OF OXYTOCINERGIC SYSTEM

In order to facilitate the understanding of how oxytocin can exert such an important integrative function on physiological and behavioral function, a short summary of the distribution of the oxytocinergic system and its relationship to somatosensory innervation is presented.

Oxytocin is produced in large, magnocellular neurons of the supraoptic and the paraventricular nuclei (SON and PVN) of the hypothalamus and in small parvocellular neurons of the PVN. The magnocellular neurons project to the posterior pituitary from where oxytocin is released into the circulation, e.g., in connection with birth and lactation. The parvocellular neurons of the PVN consist of subgroups, one of which projects to the median eminence to influence pituitary hormones, such as ACTH and prolactin. The other subsets of parvocellular oxytocin neurons project to extrahypothalamic areas, such as the Locus Coeruleus (LC) the rostroventromedial medulla (RVLM), the preganglionic sympathetic neurons and to the dorsal vagal motor nucleus (DMX), the nucleus tractus solitarius (NTS), the periaqueductal gray (PAG), the dorsal column of the spinal cord as well as to parasympathetic ganglia in the lumbosacral region. Other oxytocin fibers project to the amygdala, the hippocampus, and some areas in the cortex (Sofroniew, 1983; Buijs et al., 1984; Sawchenko and Swanson, 1984). Oxytocin also reaches other areas in the brain via axon collaterals of magnocellular neurons from the SON and PVN (Stoop, 2012; Grinevich and Stoop, 2018). In addition, oxytocin is produced in and released from certain peripheral tissues and cells to exert local actions via paracrine mechanisms (Jankowski et al.). We refer to all of these sites of oxytocin production and their function to “the oxytocinergic system”.


The Somatosensory Innervation of the Oxytocinergic System

Oxytocin release during birth (the Fergusson reflex) is mediated via parasympathetic afferents to the vagal sensory nucleus (NTS) and from there, via noradrenergic fibers (the A2 fibers) to the SON and PVN. Parasympathetic afferent nerves from the other parts of the genitourinary tract and as well from the gastrointestinal tract use the same pathway. Noradrenergic fibers project to the magnocellular and to separate divisions of the parvocellular neurons in the PVN, indicating that these oxytocin functions can be activated together or separately (Sofroniew, 1983; Buijs et al., 1984; Sawchenko and Swanson, 1984; Burbach et al., 2006; Uvnäs Moberg and Petersson, 2022; Takahashi).

Suckling/breastfeeding causes a release of oxytocin via activation of cutaneous sensory nerve fibers emanating in the nipple, which enter the spinal cord via the dorsal root ganglia (DRG). The pathway that mediates these effects to the SON and PVN is not entirely clear, but may involve the parabrachial nucleus and a beta-inhibin pathway (Burbach et al., 2006). In addition, a subpopulation of vagal afferents that originate in the skin on the breast and the chest are activated in response to suckling (Uvnäs Moberg and Petersson, 2022).

Stimulation of cutaneous afferents from most parts of the body give rise to oxytocin release and to an oxytocin linked effect spectrum (Uvnäs Moberg and Petersson, 2022). It is, however not entirely clear by which pathways the sensory nerves from the skin reach the SON and PVN. The cutaneous afferents enter the spinal cord via the dorsal root ganglia and then travel to the brain either in dorsal column or in the spinothalamic pathway. Toku Takahashi in his paper suggests that afferent stimulation of cutaneous nerves can increase oxytocin release and production from the SON and PVN via axon collaterals extending from nerves projecting to higher brain areas, such as the thalamus and the sensory cortex (Takahashi). These nerves may correspond to the unmyelinated C tactile (CT) fibers, which respond to stroking, but may also involve myelinated fibers (McGlone et al., 2012; Uvnäs Moberg and Petersson, 2022). It is also possible that information induced by tactile stimulation reaches the PVN and SON via the NTS, the vagal sensory nucleus, that receives the input from the entire parasympathetic nervous system (Takahashi). Gentle touch via activation of C tactile afferents is considered to be an important trigger of wellbeing in response to cutaneous stimulation, as such stimulation has been shown to activate areas within the anterior cingulate cortex, which is involved in positive emotions. A link between stimulation of these nerve fibers and oxytocin release has been assumed to occur, but the exact mechanism is not fully known (Walker et al., 2017).




SEVERAL TYPES OF SENSORY STIMULATION STIMULATE OXYTOCIN RELEASE

The pulsatile release of oxytocin in response to birth, breastfeeding/suckling and sex are the most well-known types of oxytocin release (Uvnas-Moberg et al., 2019; Uvnäs Moberg et al., 2020). In the present issue several others type of sensory stimulation were shown to give rise to oxytocin release. A release of oxytocin was demonstrated to occur during lactation in both mothers (Takahashi et al.; Wredle et al.) and in newborn lambs (Nowak et al.). In the offspring the suckling stimulus triggers oxytocin release by activating sensory nerves in the oral mucosa (Uvnas-Moberg et al., 1987). Oxytocin levels are also shown to increase after stimulation of afferent vagal nerves following ingestion of food (Wredle et al.) and via activation of cutaneous afferent nerves in response to foot massage (Chen et al.) and in response to acupuncture or transcutaneous electrical nerve stimulation (TENS) (Takahashi). Most likely activation of afferent sensory nerves from all parts in the body can trigger oxytocin release/function given that the right stimulus is applied.


Birth and Lactation

Three papers describe the role of oxytocin in connection with birth and lactation. Toku Takahashi discusses how oxytocin released during birth induces maternal behavior (Takahashi). Yuki Takahashi and coworkers describe how the newborn's intensity of suckling controls the variability of maternal oxytocin release and thereby maternal milk production and weight gain of the newborn, which is a new and clinically important finding (Takahashi et al.). As shown by Nowak et al., a lamb's preference for its mother is dependent on suckling-induced oxytocin-release into the brain. Another conclusion that can be drawn from this data is that oxytocin is released both in the offspring and the mother in response to suckling. It is also at the same time released both into the peripheral circulation and into the brain to induce adaptive psychological effects.



Oxytocin Release Is Influenced by Additional Sensory Stimulation

It is well known that stressful stimuli may counteract the progress of labor and the success of breastfeeding (Uvnas-Moberg et al., 2019; Uvnäs Moberg et al., 2020). In the present issue two articles demonstrate positive effects on oxytocin release during birth and lactation by concomitant sensory stimulation. One article in the present issue demonstrates how the progress of birth is enhanced by the presence of a supporting person or a doula, who provides the mothers with touch, warmth, empathy and support in connection with birth (Stjernholm et al.). An analogous potentiating effect by sensory stimulation on oxytocin release is demonstrated in the paper by Wredle et al. In this study the increase of the oxytocin release in response to the milking machine is enhanced if the cows are allowed to feed during milking, which induces vagal afference (Wredle et al.). It is possible that many types of concomitant sensory stimulation can facilitate oxytocin release in response to other types of sensory stimulation.



Medical Interventions May Inhibit Oxytocin Release/Functions

It is also of clinical importance to note that, as mentioned by Toku Takahashi, medical interventions in connection with birth, such as Cesarean Section or epidural analgesia, may inhibit the release of oxytocin in connection with birth and thereby negatively impact oxytocin linked effects such as maternal interaction and bonding to the infant (Takahashi). In fact, as shown by Takahashi et al., even sustained effects may be seen. Rooting behavior which is performed by the baby in connection with breastfeeding 2 days after birth is reduced if the mother had received an epidural in connection with labor and epidural analgesia given together with an oxytocin infusion in connection with birth, significantly decreases the amount of oxytocin released by suckling 2 days later (Takahashi et al.).




OXYTOCIN AND STRESS REDUCTION

It is well known that oxytocin inhibits stress by decreasing the function of the HPA axis via inhibition of CRF secretion in the PVN and by a decrease of ACTH secretion from the anterior pituitary. In addition, oxytocin inhibits the activity of the sympathetic nervous system (Uvnas-Moberg et al., 2014; Neumann and Landgraf, 2019). In this issue Toku Takahashi summarizes data showing that oxytocin inhibits the activity of the CRF-producing neurons in the PVN via activation of local GABAergic neurons which activate GABA A receptors on the CRF neurons (Takahashi).

In the present issue an oxytocin mediated reduction of ACTH and cortisol levels, as a reflection of decreased activity of the HPA axis, was observed both after feeding and milking in dairy cows in the study by Wredle et al. On the other hand, stroking of the abdomen in dairy cows, known to give rise to increased social interaction and decreased heart rate was not associated with increased circulating oxytocin levels. Nor was stroking linked to a decrease of ACTH levels, but still cortisol levels were lowered (Wredle et al.). These data suggest, that cortisol levels might have been regulated at a lower level than at the level of the hypothalamus/pituitary, perhaps via an oxytocin mediated inhibition of the sympathetic nervous system as discussed earlier (Uvnas Moberg et al., 2020). These results show that depending on the intensity and possibly on the origin of the sensory nerve stimulated, the entire oxytocin system or only parts of it, may be activated. Suckling may stimulate the entire oxytocin system including the peak shaped oxytocin release into the circulation emanating from the magnocellular neurons of the SON and PVN. There is a small subset of oxytocinergic neurons from the PVN, that project to the median eminence and from there oxytocin is delivered to the anterior pituitary (Sawchenko, 1985). In response to touch or stroking of the skin only the oxytocinergic fibers from the PVN, which project to extrahypothalamic areas may be activated. As described earlier in this editorial the oxytocin system is divided into different subdivisions, which may be activated together or independently of each other. Perhaps gentle touch of the skin is linked to this “lower and perhaps basic” oxytocin effect pattern. It Is also possible that the decreased cortisol levels induced by a supporting person during birth, as described in this issue, is mediated by this lower type of oxytocin effect pattern (Stjernholm et al.).


Stress May Inhibit Oxytocin Release

In some situations, stress may inhibit oxytocin release. Carmassi et al., presented data showing that oxytocin levels are lower in patients with post-traumatic stress disorder (PTSD) than in controls. This effect is likely to be due to an inhibition of oxytocin release by high stress levels caused by trauma (Carmassi et al.).




RESTORATIVE EFFECTS OF OXYTOCIN

A paper by Jankowski et al. reviews a multitude of oxytocin linked cardioprotective effects, such as reduction of the size of cardiac infarction and a facilitated functional recovery of heart function in response to administration of oxytocin. The beneficial effects involve among many others, positive metabolic effects, reduced inflammation, apoptosis and oxidative stress as well as protection of mitochondria (Jankowski et al.).



IMPORTANCE OF TOUCH AT A YOUNG AGE

Four papers in the present issue point to the importance of providing large amounts of tactile and other types of sensory stimuli to newborns and young children, as this may be linked to facilitated development and to lifelong amelioration of social competence, wellbeing and reduced stress levels and consequently to better mental and physical health in adulthood. Bigelow and Power demonstrated long-term positive effects on both mothers and their babies regarding social competence and stress reduction in response to extra skin to skin contact between mothers and their full-term babies during the first weeks of life. Some aspects of these effects, probably consequences of oxytocin release in response to skin-to-skin contact could be demonstrated even 9 years later.

A comprehensive review of the literature describing the immediate and also long-term effects of skin-to-skin contact or other types of closeness early in life is provided in the paper by Norholt. He also summarizes the knowledge concerning the mechanisms involved in these effects including the important role of oxytocin. In addition, the paper provides data supporting the importance of extended closeness between the baby and its parents in early life, e.g., by baby-carrying, for the development of future positive relationships, for secure attachment and possibly also for health (Norholt).

Carozza and Leong also review the important role of gentle or affectionate touch for the infant's psychosocial and neurophysiological development. The role of oxytocin is highlighted as is the role of the meso-corticolimbic dopamine and endogenous opioid systems, which aid the development of social cognitive processes (Carozza and Leong).

The paper by Devine et al. also points to the important role of touch and closeness in early life, by showing that individuals who have been under the care of social services during childhood, not only rated significantly higher levels of childhood trauma and lower levels of positive childhood touch, they also had a specific reduction in sensitivity to the affective value of C tactile fiber targeted touch. These results suggest that lack of nurturing touch in early life leads to blunted sensitivity to affective touch in adulthood (Devine et al.).



MENTAL “STIMULATION” OF OXYTOCIN RELEASE

In addition, to the somatosensory stimuli that trigger oxytocin release, a huge amount of data showing that mental stimuli can trigger oxytocin release are emerging.

Two papers in the present issue discuss the phenomenon of synchronization. Synchronization represents a specific complex type of interaction, which sometimes involves behavior, sometimes physiological variables (physiological synchronization or PS) and sometimes both, and which occurs in different types of relationships including that between a psychotherapist and a patient. In the paper by Palmieri et al., the possible role of oxytocin as a mediator of synchronization as well as the mechanisms and pathways involved are discussed. Papasteri et al. provided evidence of distinct mechanisms for behavioral vs. hormonal changes following social sensorimotor synchronization.

Oxytocin function may also be influenced by psychotherapy. Phyllis Klaus describes how a mother got traumatized in connection with birth, by being treated in an insensitive way by the staff and by being separated from her child. This trauma caused problems with her relationship with the child, indicating that oxytocin release and effects that normally occur in connection with birth had been hampered. She also describes how this trauma including the mother's problematic relationship with the child was resolved in a psychotherapeutic setting characterized by warmth and holding and thus by high levels of oxytocin (Klaus). There may be many more psychotherapeutic techniques that involve the healing aspects of oxytocin. This will be the subject of a new special issue in Frontiers in clinical psychology: Oxytocin: Its role in wellbeing, social interaction, bonding, stress and trauma.



INTERACTION WITH ANIMALS AND NATURE

Friendly interaction between humans and animals is linked to oxytocin release and oxytocin associated effects (Handlin et al., 2011; Beetz et al., 2012). In this issue interaction between elderly humans and dogs was demonstrated to be linked to increased finger temperature (Nilsson et al.). The increased finger temperature and as previously shown decreased heart rate and decreased blood pressure (Handlin et al., 2018), are likely to represent anti stress effects which may involve activation of the oxytocin system. Such effects may be induced by activation of touch receptors in the palms of the hands but also by mental sensory cues.

Two papers by Grahn and colleagues in this issue discuss how different types of nature have specific “archetypal properties”, that are attractive to humans and which influence human behavior and physiology (Ottosson and Grahn). The effect of nature to cause relaxation, antistress and restorative effects might well by due to an activation of certain aspects of the oxytocin system. This presumably archaic way of activating the oxytocin system may respond to certain features of nature that signal peace, calm, safety, richness etc. (Grahn et al.).



EXOGENOUS, INTRANASAL TREATMENT WITH OXYTOCIN SPRAY

In two of the papers the role of intranasal administration of oxytocin was studied. In the paper by Le et al., increased eye gaze and increased empathy was observed in response to intranasal administration of oxytocin. Looking at the eyes, and not at other parts of the face was linked to increased levels of empathy, perhaps suggesting that the increased levels of empathy are secondary to a release of endogenous oxytocin caused by eye gaze (Le et al.). In the second paper, Chen et al., demonstrated how intranasal oxytocin increased pleasantness of manual massage and neural responses in brain regions involved in reward, emotion and salience as well as in a number of sensory and motor processing regions.

Administration of oxytocin spray has been tried as a treatment for a variety of disorders, such as autism, schizophrenia and depression, sometimes giving rise to positive and sometimes to negative results (Domes et al., 2013). One problem with administration of oxytocin spray is that it is not fully known whether and how it enters the brain and which areas in the brain that are indeed reached by oxytocin given in response to such administration (Leng and Ludwig, 2016). Therefore, it might be more favorable for therapeutic purposes to activate the endogenous oxytocin system, e.g., by stimulation of cutaneous sensory nerves. When cutaneous afferent nerves are stimulated, oxytocin may be released. In this way oxytocin induced stimulation of social interaction, decreased levels of fear, stress, pain and inflammation and increased wellbeing as well as growth-promoting and restorative effects might be induced. Oxytocin release in response to specific types of cutaneous stimulation may therefore be a much more specific and efficient way of administering oxytocin than by giving intranasal oxytocin spray (Uvnäs Moberg and Petersson, 2022). Not only massage and touch, but also, as demonstrated in this issue, TENS (performed on hind legs) and acupuncture may in part act by activation of the oxytocin system via somatosensory nerves (Yoshimoto et al., 2012; Takahashi).



IMPORTANCE OF TECHNIQUES FOR ADEQUATE MEASURING OF OXYTOCIN LEVELS

It should be noted that the literature on oxytocin levels suffers from methodological problems regarding the specificity of the assays used. RIA is supposed to be the gold standard. Today, however, the less specific technique ELISA is often used. As this technique often gives rise to higher levels of oxytocin than does RIA and since the two techniques do not always detect changes in oxytocin levels in the same situations, results regarding oxytocin levels are sometimes confusing and difficult to interpret. When analyzing oxytocin levels, the method used for oxytocin determinations has to be considered. This problem also affects some of the studies included in this issue, in which the less specific measures of oxytocin levels obtained by ELISA are reported. For a more elaborate and comprehensive discussion of these analytical problems see Uvnas-Moberg et al., 2019; Uvnäs Moberg et al., 2020.



CALL FOR MORE INTERDISCIPLINARY STUDIES

As mentioned above some of the included studies are related to the classical oxytocin topics, i.e. birth and breastfeeding. The more “modern” oxytocin research involves several other effects of oxytocin and oxytocin release by other types of stimulation, e.g., cutaneous stimulation. A surprising observation is that researches who study the role of oxytocin during motherhood and those who study the more recent and broader aspects of oxytocin rarely refer to each other's publications, as if there was a barrier between these fields of research. This is unfortunate since, as described above, the sensory mechanisms involved in oxytocin release and the oxytocin effects are quite similar irrespective of situation and type of stimulation of oxytocin release. We recommend the researchers within different disciplines to cross these invisible barriers to take part of each other's studies. We also recommend researchers to read, and to include data from older studies, since unique and important data are often published in such articles.
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The aim of this study was to investigate whether interacting with a visiting dog influences fingertip temperature and cortisol levels in residents living in nursing homes for the elderly. The study included two groups, the dog group (n = 13) and the control group (n = 11–15) and lasted for 8 weeks for the dog group and 6 weeks for the control group. All participants were residents living at nursing homes for the elderly. The researchers visited small groups of the participants twice weekly during the entire study in both the dog and the control group. The visiting dog and the dog handler accompanied the researchers during weeks 3–6. Fingertip temperature was measured and saliva samples for cortisol determination were collected at 0, 20 and 60 min for the dog group and at 0 and 20 min for the control group. For analysis the study was divided into periods; Period 1 (week 1–2), Period 2 (week 3–4), Period 3 (week 5–6) and Period 4 (week 7–8, only the dog group). Mean values based on all data obtained at 0 and 20 min during period 1–3 were compared between groups. A second, separate analysis for the dog group also included data from 60 min and for period 4. For the dog group fingertip temperature increased significantly between period 1 and 2, 1 and 3 and 1 and 4 (p < 0.05). In addition, fingertip temperature rose significantly between 0 and 20 min and between 0 and 60 min within all periods. For the control group a significant decrease in fingertip temperature was observed between period 1 and 3 (p < 0.05). Fingertip temperature did not differ between the two groups during period 1, but was significantly higher for the dog group than for the control group during periods 2 and 3 (p < 0.05 and p < 0.001, respectively). Cortisol results are only presented descriptively due to that many samples had too low volume of saliva to be analyzed. In the present study interaction between elderly residents and a visiting dog resulted in increased fingertip temperature, probably reflecting a decrease in the activity of the sympathetic nervous system and therefore a decrease in stress levels.

Keywords: fingertip temperature, visiting dog, elderly, stress, sympathetic nervous system, relaxation


INTRODUCTION

High levels of blood pressure and anxiety are common problems in the elderly (National Board of Health and Welfare, 2016) and might reflect an age related increased activity of the sympathetic nervous system and the hypothalamo–pituitary–adrenal (HPA)-axis. The reasons behind are complex; aging per se, physical inactivity and social deprivation including too little sensory stimulation may contribute. Pharmaceutical drugs are often given to the elderly, for example in order to reduce anxiety and high blood pressure. These pharmacological treatments might have side effects, such as an increased risk of unstable blood pressure, dizziness, and falls in older adults (National Board of Health and Welfare, 2016).

A possible non-pharmacological way to reduce such problems could be interaction with dogs. It appears as if dogs can induce stress-reducing and health promoting effects not only in humans they are familiar with and bonded to, but also in unfamiliar humans. For example, dogs trained to interact with strangers (therapy dogs), have been shown to reduce stress levels for example in healthcare professionals (Barker and Wolen, 2008), and to induce better Quality of Life in patients with Alzheimer’s disease and other forms of dementia (Nordgren and Engstrom, 2014; Swall et al., 2015). In addition, therapy dogs have been shown to increase social interactive behavior (Berry et al., 2012) and to reduce blood pressure and heart rate (Handlin et al., 2018) in residents of homes for the elderly.

Several senses are involved when humans interact with dogs. Eye contact with the dog, talking with and listening to the dog as well as caressing and stroking the dog, all constitute important components of the interaction. The important role of tactile interaction with the dog for stress reduction in humans has been demonstrated in several studies. Dog owners who pet their own dogs display decreased cortisol levels, blood pressure and heart rate (Odendaal and Meintjes, 2003; Handlin et al., 2011, 2012). Children who were allowed to pet a dog before performing a stressful task released less cortisol (as measured by salivary cortisol) than did children who were offered social support by an adult or who were allowed to pet a stuffed dog (Beetz et al., 2012). In fact, the more the children stroked the dog, the more their cortisol levels decreased indicating a quantitative relationship between the amount of stroking and stress reduction in the children (Beetz et al., 2012).

Results from animal studies support the existence of a link between sensory stimulation of the skin and stress reduction. Massage like stroking of the ventral side of rats is associated with lowering of blood pressure and heart rate (Lund et al., 1999; Holst et al., 2002) as well as by behavioral sedation (Uvnas-Moberg et al., 1996). In addition, activation of cutaneous nerves by low intensity stimuli induces powerful anti-stress effects such as lowering of blood pressure and heart rate, and also of cortisol and adrenaline levels (Kurosawa et al., 1982, 1995; Araki et al., 1984; Tsuchiya et al., 1991; Uvnas-Moberg et al., 1993). Taken together, these results indicate that stroking or other forms of tactile interaction with dogs induce stress reduction in the person who is performing the interaction by activation of cutaneous sensory nerves (Stock and Uvnas-Moberg, 1988).

Oxytocin is also released in response to interaction between humans and dogs (Odendaal and Meintjes, 2003; Miller et al., 2009; Handlin et al., 2011) as well as following stimulation of cutaneous sensory nerves in rats (Stock and Uvnas-Moberg, 1988), demonstrating a release of oxytocin from the paraventricular (PVN) and supraoptic (SON) nuclei into the circulation. Administration of oxytocin is linked to powerful anti-stress effects, it for examples decreases blood pressure and cortisol levels (Petersson et al., 1996, 1999; Uvnas-Moberg et al., 2019). Therefore, it is likely that oxytocin released from oxytocin containing nerves emanating from the PVN, and which project to areas in the brain that are involved in the regulation of autonomic nervous tone, mediates the anti-stress effects induced by stroking or other types of stimulation of sensory nerves from the skin (Uvnas-Moberg et al., 2019).

In a previous article based on the same material as in the present article, we were able to demonstrate short and long-term lowering of blood pressure and heart rate in elderly residents of a nursing home in response to interaction with a dog (Handlin et al., 2018). The aim of the present article was to investigate whether visits by a therapy dog may also influence fingertip temperature and cortisol levels in residents at nursing homes for the elderly. Skin temperature can be used as an indirect marker of stress levels, since blood vessels in the skin constrict in response to increased sympathetic nervous tone and consequently a high sympathetic tone will be associated with low skin temperature (Vinkers et al., 2013). Cortisol levels in saliva were also measured as an expression of the activity in the HPA-axis that is closely related to sympathetic nervous tone.



MATERIALS AND METHODS


Participants

This study included two groups, the dog group and the control group. The dog group received repeated visits by the researchers and for half of the study (weeks 3–6) also by a visiting dog and its handler. It consisted of 15 participants; 13 women (mean age: 89 years) and 2 men (mean age: 80 years) recruited from three nursing homes for the elderly (five participants from each home). The control group received repeated visits by the researchers only. It also consisted of 15 participants, 11 women (mean age: 83 years) and 4 men (mean age: 84 years) recruited from three additional nursing homes for the elderly (five participants from each home). Due to long-term illness and/or hospital stay 2 women in the dog group and 2 men and 2 women in the control group only participated occasionally (dog group: n = 13, control group: period 1 n = 15, Period 2 n = 13, Period 3 n = 11). To be included in the study the participants had to fulfill the following criteria; be Swedish speaking and able to take part in a conversation, be able to make their own decisions and understand information and instructions. In addition, they should not have been diagnosed with dementia. All six nursing homes that were visited were located in the south west part of Sweden and none of them had any previous experience of visiting dogs.



Ethical Consent

The experimental procedure was approved by the local ethics committee in Gothenburg, Sweden (dog study: 669-10, control study: 553-12). Before the experiment started, the participants, as well as their relatives, were informed about the study and given the opportunity to ask questions. They were also informed that they could end their participation in the study at any time without this affecting the care they received. The participant or a relative (in case the participant was unable to write) signed a written consent for participation in the study.



Visiting Dog

The visiting dog was a privately owned 2-year-old female Labradoodle certified therapy dog, trained to work with people in elderly care. Both the dog and the dog handler had been trained for one year at “Vårdhundskolan” in Uppsala, Sweden. The experimental procedure was approved by the animal ethics committee in Uppsala, Sweden (283/10) and the use of a privately owned visiting dog was approved by the Swedish board of agriculture (D31-12610/10). The same visiting dog and its handler visited all three nursing homes.



Study Design

In the dog group the elderly participated in the study during eight consecutive weeks. The researchers visited the nursing homes twice weekly during all 8 weeks whereas the Animal Assisted Activity (IAHAIO, 2018). i.e., the visiting dog and her handler, took place during weeks 3–6 only. Each visit lasted for 60 min. This design allowed the participants to get used to the testing situation before introducing the dog and her handler. It also allowed exploration of effects of interaction between the elderly and the dog in the dog group during visits (short term effects) and in response to the dog visits (long term perspective).

In the control group the elderly participated in the study during six consecutive weeks with two visits each week by the two researchers only and each visit lasted for 40 min. The reason for the shorter study period as well as shorter visits for the control group were problems in keeping the elderly residents motivated to continue the study and stay awake during the visits when no dog participated.

For analysis the study period was divided into periods; Period 1 (week 1–2), Period 2 (week 3–4), Period 3 (week 5–6) and Period 4 (week 7–8, only applicable for the dog group).


Experimental Setting

The five participants from each nursing home met the research team together as a group in the living room of the nursing homes. The temperature was normal indoor temperature (20–22°C). During the visits the group of participants sat in their own wheelchairs or in other suitable chairs, next to each other in a semi-circle. The only people present in the living room during the visits were the participants and the researchers who performed the data collection. The visiting dog and her handler were present for the dog group during weeks 3–6 (period 2–3) and during these weeks there was a water bowl and some toys for the dog in the living room.

During the visits the researchers did not initiate conversations with the participants but did answer questions posed by them. The researches spent the time between measurements sitting in their chairs without interacting with the residents.



Dog Visits in the Dog Group

The visiting dog always started each visit by greeting each participant; either by placing her head in the participant’s lap or letting the participant stroke her. The participants talked to and/or engaged in physical activity with the dog, including stroking the dog and playing with the dog by throwing a ball or another toy that the dog fetched. The participants also rewarded the dog by giving her treats when she acted upon her handler’s commands (e.g., sit, lie down, etc.). All participants interacted with the dog according to their individual capabilities. In case physical issues prevented the participants from bending or reaching the dog in order to touch it, a chair for the dog to sit on was placed next to the participant, allowing all participants to have physical contact with the dog. The handler made sure that the dog spent an equal amount of time with each participant during each visit of 60 min.



Collection of Data

Fingertip temperature was measured with a Digital-Laser Thermometer (Esska de GmbH, Hamburg, Germany). Saliva to be used for cortisol analysis was collected using the SalivaBio Children’s Swab (SCS), and cortisol levels were analyzed with a commercial kit according to the manufacturer’s instructions (Salimetrics Europe Ltd., United Kingdom).

Measurements of finger temperature and collection of saliva was performed during each visit; at the start (0 min), after 20 min and at the end of the experiment (60 min) for the dog group and at the start (0 min) and after 20 min for the control group (Figure 1).
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FIGURE 1. Summary of the study design and data collection for the dog group and the control group. R, researchers visited the participants, D, dog and dog handler visited the participants, x, number of measurements of fingertip temperature and collection of saliva for cortisol determinations. For the dog group the measurements were performed at 0, 20 and 60 min. For the control group the measurements were performed at 0 and 20 min. Highlighted weeks indicate meeting the visiting dog. Only two samples were collected for the control group and during week 7–8 (visit 13–16) in the dog group.



Statistical Analysis

Statistical calculations were performed using the statistical program SAS (Statistical Analysis System Inc, Cary, United States, version 9.4). In order to analyze the studies, mean values of the experimental variables were calculated per two weeks (mean value of data from four data collections) [periods 1 (weeks 1–2), 2 (weeks 3–4), 3 (weeks 5–6), and 4 (weeks 7–8)]. Mean values for periods with standard error of the means (SE) were created both for the values obtained at 0, 20, and 60 min combined, as well as separately.

Analyses were performed with two different statistical models in the mixed linear analysis procedure (proc mixed): The first model was used to test if there was a difference between the different experimental conditions (dog vs. control group), period (1, 2, or 3), sampling time (0 or 20 min) and interaction between experiment and period (indicating different effect patterns).

The second model was used to analyze only the dog group in more detail. This model also included values obtained at sampling at 60 min and period 4. This model tested if there was an effect of period (1, 2, 3, or 4), sampling time (0, 20, and 60 min) as well as of the interaction between period and sampling time.

Both models used an autoregressive covariance structure and Kenward–Roger for fixed effects SE method and degrees of freedom method. Type 3 tests of fixed effects were used to get p-values, F-values and degrees of freedoms (Num DF, Den DF). Random variable was id of the elderly and visit within experiment, and repeated variable was visit/subject. Post hoc test was done with paired t-tests where Tukey–Kramer adjusted p-values were used to compensate for multiple comparisons.



RESULTS


Fingertip Temperature Over Time in the Dog Group and the Control Group

The fingertip temperature increased significantly in the dog group from period 1 to period 2 (p < 0.05) and from period 1 to period 3 (p < 0.01), but there was no significant increase from period 2 to period 3 (Figure 2). In contrast, the fingertip temperature decreased in the control group and the decrease was significant from period 1 to period 3 (p < 0.05) but not between period 1 to period 2 nor period 2 to period 3 (Figure 2). Taken together these data demonstrate that fingertip temperature rose in the dog group, when the elderly were visited by the dog and its handler, and that no such effect was observed in the absence of visits by the dog and its handler in the control group.
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FIGURE 2. Mean fingertip temperature °C (±SE) for elderly before (period 1) and in connection with interacting with a visiting dog and its handler (periods 2 and 3) in the dog group (n = 13), and for elderly not interacting with a visiting dog during the corresponding time points in the control group (P1 n = 15, P2 n = 13, P3 n = 11). All data are based on mean values from sampling times 0 and 20 min. Data from each period are based on four separate visits. p-Values are adjusted from Tukeys post hoc test. ∗∗p < 0.01, ∗p < 0.05.


In support of the different effects observed in the dog group and the control group the statistical analysis showed a significant interaction between the treatments (dog or control) and the periods (p < 0.001, F2, 15.6 = 14.84).

When the values obtained during periods 1, 2 and 3 in the dog group and the control group were compared no differences in fingertip temperature were observed in period 1, i.e., at the start of the experiment (Figure 2). However, both during periods 2 (p < 0.05) and 3 (p < 0.001), the elderly in the dog group had significantly higher fingertip temperature than the elderly in the control group (Figure 2). The statistical analysis showed that the fingertip temperature was overall significantly higher in the dog group than in the control group (p < 0.0001, F1, 22.8 = 23.34).



Fingertip Temperature Within the Dog Group

In this analysis data from all 4 periods and for the three sampling times (0, 20, and 60 min) were included (Figure 3). The results of the analysis showed that both period and sampling time significantly influenced fingertip temperature [(p < 0.01, F3, 150 = 4.29) and (p < 0.01, F2, 95.7 = 6.25) respectively].
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FIGURE 3. Mean fingertip temperature in °C (±SE) in the elderly obtained during the four different periods. The dog and its handler were present during period 2 and 3 but not during period 1 and 4. During each visit fingertip temperature was recorded three times; at 0 min, i.e., before the dog entered, at 20 min, when the dog was present and at 60 min, i.e., when the dog had left (n = 13 elderly sampled four times per period).


More specifically, when comparing the fingertip temperature during the four different periods, the fingertip temperature was shown to be significantly lower in period 1 than in period 2 (adjusted p < 0.05), period 3 (adjusted p < 0.05) and period 4 (adjusted p < 0.05). However, there were no significant differences between the other periods [period 2 vs. period 3 (adjusted p > 0.1), period 2 vs. period 4 (adjusted p > 0.1), period 3 vs. period 4 (adjusted p > 0.1)].

When comparing the fingertip temperature for the different sampling times (0, 20, and 60 min) within all four periods, fingertip temperature was significantly lower at 0 min than at 20 min (adjusted p < 0.05) and 60 min (adjusted p < 0.01). There were no significant differences between 20 and 60 min (adjusted p > 0.1).

Comparisons of fingertip temperature between the three observations (0, 20, and 60 min) within each period (1–4) did not show any significant difference (adjusted p > 0.1 for all pairwise comparisons). Further, there were no significant interaction between period and sampling time (p > 0.1, F5, 136 = 0.25).



Cortisol Levels

Only a subgroup of the saliva samples collected from the elderly (51 saliva samples in the dog group and 142 in the control group) were successfully analyzed for cortisol, probably as a consequence of low saliva production in the elderly. As only some of the saliva samples were analyzed (more samples from the control group than for the dog group), no statistical calculations could be performed. Mean values and standard errors for each sampling time and period are shown in Table 1.


TABLE 1. Mean values (±SE) of saliva cortisol in elderly residents in samples collected at 0 and 20 min during periods 1–4 in the dog group and 1–3 in the control group.
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DISCUSSION

In the present study fingertip temperature in connection with interaction with a visiting dog was investigated in elderly people living in nursing homes. Elderly who interacted with a visiting dog and its handler displayed significantly increased fingertip temperature over time, i.e., temperature increased during the 4 week period of dog visits as well as within the single visits in response to interaction with the dog. In a control situation, i.e., when elderly received visits by the researchers only without the dog and its handler, no such rise in fingertip temperature was seen.

Rapid changes in skin temperature in response to moderate changes in temperature are mediated by changes in sympathetic nervous tone. When sympathetic nervous tone is high, blood vessels in the skin contract, which will be associated by reduced skin blood flow and lowering of skin temperature. In contrast when sympathetic nervous tone is decreased cutaneous blood vessels dilate and skin-temperature increases (Vinkers et al., 2013). Therefore, it is suggested that the increased skin temperature induced in the elderly by interacting with a visiting dog and its handler is mediated by a decrease in sympathetic nervous tone in the blood vessels of the skin.

In order to investigate whether the activity in the HPA-axis also decreased, an attempt to measure cortisol levels was performed. Saliva was taken from the elderly during the experiments and cortisol levels were analyzed. Unfortunately, the volume of a majority of the saliva samples was too small to allow cortisol determination, probably as a consequence of low saliva production in the elderly. However, the samples that were analyzed do not contradict that cortisol levels also fall in response to interaction with dogs, although the number of samples is too low to make any significant statements.

In a previous article we reported that both blood pressure and heart rate fell within the same population of elderly residents of nursing homes in response to interaction with the visiting dog (Handlin et al., 2018). Also other studies indicate that blood pressure and heart rate decrease in response to physical interaction with a dog. In addition, cortisol levels decrease in response to stroking of dogs (Odendaal and Meintjes, 2003; Handlin et al., 2011). Taken together, the data show that physical interaction with dogs give rise to immediate and sustained anti-stress effects.

In a previous study on dog owners, stroking of their own dog was shown to increase circulating levels of oxytocin in addition to a decrease of cortisol levels (Handlin et al., 2011). Similar data was also obtained by Odendaal and Meintjes (2003), who showed that oxytocin levels rose and that cortisol, blood pressure and heart rate fell in response to stroking of a dog (Odendaal and Meintjes, 2003). Given the potent anti-stress effects of oxytocin; its ability to decrease the activity of the HPA-axis and of the sympathetic nervous system via actions in the brain, it is likely that oxytocin released within the brain, as a response to the interaction with the therapy dog, causes the anti-stress effects observed.

The oxytocin release and consequent anti-stress effects induced by interaction with the dog, is probably caused by sensory stimuli such as touch, light pressure and stroking known to cause oxytocin release (Uvnas-Moberg et al., 2014). In support of an important role for stroking, cortisol levels were dose dependently decreased when young boys exposed to a stress test were allowed to stroke a dog (Beetz et al., 2012).

Physiological and psychological effects of stroking have been shown to be linked to an activation of several types of cutaneous nerves in humans. Stimulation of a subgroup of the thin unmyelinated C-fibers, the Ct – fiber afferents, has been shown to be linked to activation of certain areas in the insular cortex and to the experience of wellbeing (Loken et al., 2009). Thicker myelinated nerve fibers are activated in response to light/moderate pressure with or without stroking and activation of such fibers is linked to anti stress effects (Uvnas-Moberg et al., 2019). Data from animal experiments also demonstrate powerful anti-stress effects in response to activation of sensory nerves from the skin, either by non-noxious stimulation of cutaneous nerves in anesthetized animals or in response to massage-like stroking of the ventral side of rats (Uvnas-Moberg et al., 1996; Sato et al., 1997; Lund et al., 1999).

All these data suggest that stimulation of cutaneous nerves is an important mechanism by which interaction with dogs decreases stress levels in humans. It is of course important to remember that touch and stroking are not the only mechanism by which interaction with dogs influences the elderly. Seeing the dogs, listening to them, smelling them, and playing with them probably also contribute to the oxytocin release and associated anti-stress effects. The role of the person handling the dog should also be considered. In this study the handler guided the interaction between the dog and the participant, which included her both touching and talking to the participants. Therefore it is not possible to distinguish between the effects caused by the dog and the effects caused by the handler and it might be more appropriate to look at the effects observed in the dog group as a result of the dog/handler team. It is also important to note that the entire study situation in itself can have an effect since it is a novelty compared to the participant’s regular schedule. The results from the control group does, however, indicate that it was the dog visits that had the most pronounced effect since meeting the researchers only did not generate any increase in fingertip temperature. Further studies are needed to dissociate and to describe in more detail the role of the individual sensory components responsible for the anti-stress effects observed following interaction between the elderly and a visiting dog.

Skin-temperature as a marker for anti-stress effects, more specifically for a decreased sympathetic nervous tone, has been used in several other studies. The decrease in fingertip temperature observed in children experiencing stress when visiting a dentist, was less expressed in the presence of a dog, indicating that the dog buffered the stress response in this situation (Havener et al., 2001). Increased fingertip temperature coincides with a cluster of anti-stress effects, such as lowering of heart rate and blood pressure, and it is a physiological indicator of relaxation. Application of several methods aimed at stress reduction and relaxation, (for example, eye movement desensitization reprocessing (EMDR) and many others) are linked to an increased fingertip temperature (Wilson et al., 1996; Schlader et al., 2010). It seems that using changes in fingertip temperature represents not only a sensitive technique for measurement of anti-stress effects, it is also noninvasive and easy to perform. Therefore, recording of fingertip skin temperature should be used more often to demonstrate changes in stress levels.

The results presented in this study is based on a relative small number of participants and unfortunately as it was not possible to randomize the elderly participants to the different groups. The study design and statistical approach does, however, make up for this to some point. The result presented here are based on substantial amount of measurements since each value used for statistical calculations was based on 24 recordings, which allowed us to see significant changes and differences over time within the two groups and also between the two groups. It would also been desirable to visit both groups in parallel but for logistical reasons this was not possible since we wanted the nursing homes to be as similar as possible and within the same region.

The data presented in this study provides further support for decreased stress levels following interaction between humans and dogs, in this case between a visiting dog and elderly people living in a nursing home. Exposure to the visiting dog resulted in an increase in fingertip temperature, an expression of decreased sympathetic nervous tone. The data may also suggest that a sustained increase in skin temperature, reflecting a more long term reduction of stress levels, may be induced in the elderly after repetitive exposure to the visiting dog. Such a long-term effect was previously shown for heart rate and blood pressure (Handlin et al., 2018). Sustained anti stress effects in response to interaction between humans and animals should be of particular importance for health promotion.



CONCLUSION

In the present study interaction between elderly residents and a visiting dog resulted in increased fingertip temperature, probably reflecting a decrease in the activity of the sympathetic nervous system and consequently a decrease in stress levels.
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One of the most robust effects of intranasal oxytocin treatment is its enhancement of emotional empathy responses across cultures to individuals displaying emotions in realistic contexts in the Multifaceted Empathy Task (MET). However, it is not established if this effect of oxytocin on emotional empathy is due to altered visual attention toward different components of the stimulus pictures or an enhanced empathic response. In the current randomized placebo-controlled within-subject experiment on 40 healthy male individuals, we both attempted a further replication of emotional empathy enhancement by intranasal oxytocin (24 IU) and used eye-tracking measures to determine if this was associated by altered visual attention toward different components of the picture stimuli (background context, human face, and body posture). Results replicated previous findings of enhanced emotional empathy in response to both negative and positive stimuli and that this was associated with an increased proportion of time viewing the faces of humans in the pictures and a corresponding decrease in that toward the rest of the body and/or background context. Overall, our findings suggest that enhanced emotional empathy following oxytocin administration is due to increased attention to the faces of others displaying emotions and away from other contextual and social cues.

Clinical Trial Registration: www.ClinicalTrials.gov Oxytocin Modulates Eye Gaze Behavior During Social Processing; registration ID: NCT03293511; URL: https://clinicaltrials.gov/ct2/show/NCT03293511.

Keywords: autism, oxytocin, emotional empathy, eye gaze, face processing, social attention


INTRODUCTION

Empathizing with others is of key importance for our social interactions. Impairments in this domain represent a major symptom in several psychiatric disorders such as autism (Lombardo et al., 2007) and depression (Tully et al., 2016; Xu et al., 2020), leading to significant problems in understanding and responding appropriately to others in social contexts. Empathy refers to a multidimensional construct including both cognitive (identifying emotions expressed by others) and emotional (being aroused by – indirect emotional empathy or feeling the same emotion – direct emotional empathy – expressed by others) facets (Shamay-Tsoory, 2011). Understanding the neurobiological regulation of these multidimensional functional domains is therefore of great importance both in the context of social neuroscience as well as to identify novel therapeutic approaches to facilitate empathy and alleviate deficits in patient populations.

In recent years, a number of studies have consistently implicated the hypothalamic neuropeptide oxytocin (OT) in the control of emotional empathy in humans (Hurlemann et al., 2010; Hubble et al., 2017a; Geng et al., 2018a, b). Intranasal OT has been demonstrated to facilitate both direct and indirect emotional empathy but not cognitive empathy as assessed by the Multifaceted Empathy Task (Dziobek et al., 2008) in male Caucasian (Hurlemann et al., 2010) as well as in both male and female Chinese subjects (Geng et al., 2018b). The latter study also found similar effects of OT on increasing emotional empathy in male subjects with both 24 and 48 IU doses. Similarly, another study using dynamic, empathy-inducing video clips reported that OT enhanced emotional but not cognitive empathy for fear (Hubble et al., 2017a), and several studies have reported that OT can increase empathy for pain experienced by others in both sexes (Shamay-Tsoory et al., 2013; Abu-Akel et al., 2015). Studies that employed concomitant functional MRI (fMRI) assessments suggest that the emotional empathy-enhancing effects of OT are neurally mediated by reduced responsiveness of the amygdala to empathy-inducing scenes (Geng et al., 2018a, b). The important role of the amygdala in emotional empathy is further supported by studies in patients with focal bilateral amygdala lesions who exhibit impaired emotional but not cognitive empathy (Hurlemann et al., 2010).

Accumulating evidence suggests that OT may generally promote face emotion recognition accuracy (Shahrestani et al., 2013), and initial studies reported increased accuracy only for difficult items in the reading the mind in the eyes test (RMET) (Domes et al., 2007), which, together, may reflect a facilitatory effect of OT on some aspects of cognitive empathy. On the other hand, more recent studies using the RMET have either only reported effects in individuals with low pretreatment empathy (Feeser et al., 2015), low social proficiency, or higher maternal love withdrawal (Riem et al., 2014), or failed to find any effects at all (Radke and de Bruijn, 2015). Thus, to date the most consistent findings indicate a facilitation of emotional empathy by intranasal OT.

There is also increasing evidence for OT playing a key role in enhancing attention toward social stimuli in a person- and context-dependent manner, and this forms the basis of the proposed “social salience hypothesis” (see Shamay-Tsoory and Abu-Akel, 2016). In support of this hypothesis, studies employing selective attention paradigms have demonstrated that OT increases attention toward social stimuli but not non-social ones (Xu et al., 2015, 2019) and promotes switching attention away from interoceptive information toward external social cues via modulating the anterior insula, a core region of the salience network (Yao et al., 2018). Studies that acquired eye-tracking indices as a behavioral measure of attentive and salience processing additionally reported that OT increases the time spent viewing social relative to non-social stimuli across a number of different paradigms (Eckstein et al., 2019; Le et al., 2020 – using the same subjects as in the current study). A number of studies have reported that OT specifically increases gaze toward the eye region of both static and dynamic facial stimuli in either healthy or autistic individuals (Guastella et al., 2008; Andari et al., 2010; Domes et al., 2013; Auyeung et al., 2015), although others have reported no effects (Domes et al., 2010; Lischke et al., 2012; Hubble et al., 2017b). Saccades from the mouth to the eye region are also increased following OT for fear expression faces and are generally associated with amygdala responses (Gamer et al., 2010). Inconsistencies between the previous studies may be explained by a number of factors such as subject sex, whether stimuli are presented statically or dynamically and whether participants were asked to passively view or actively evaluate the presented stimuli. In our own previous study in the current cohort of subjects, we found that OT primarily increased the proportion of time spent viewing the eyes relative to the nose for static fearful, but not other emotional facial expressions presented passively (Le et al., 2020). In the context of visual stimuli-evoked empathic responses, only one previous study has directly investigated the effects of intranasal OT and reported that OT increased eye gaze across dynamic expressions of sadness, happiness, pain, or fear (Hubble et al., 2017a), and empathic empathy for fearful faces. However, this study found no correlation between the proportion of gaze time toward the eyes and empathy ratings. Another study has also reported no effects of OT on gaze toward positive, negative, and neutral valence scenes depicting both humans and objects despite finding effects on neural responses to them (Lischke et al., 2017). We have therefore investigated the effects of OT on eye gaze toward different components of negative and positive valence stimuli designed to evoke empathic responses and their association with its effects on enhancing emotional empathy using the Multifaceted Empathy Task (MET).

The current preregistered pharmacological eye-tracking study employed a randomized within-subject placebo-controlled design to investigate the effects of intranasal OT (24 IU) on patterns of eye gaze in male subjects performing the MET and to replicate previous findings demonstrating OT-induced facilitation of emotional empathy (Hurlemann et al., 2010; Geng et al., 2018a, b). We only included male subjects in the current study due to the main focus of our clinical trial being relevance to autism and, additionally, because we had already established that there are no sex-dependent effects of OT on responses in the MET (Geng et al., 2018b). Based on the previous studies reporting that OT facilitated facial emotion recognition and eye gaze toward facial stimuli, we hypothesized that the OT-induced facilitation of emotional empathy would be associated with increased gaze time toward the face and away from other less socially salient features of both positive and negative valence picture stimuli. We also hypothesized that the observed effects of OT on emotional empathy ratings and time spent viewing faces would be associated with individual variations in autistic and/or empathic traits.



MATERIALS AND METHODS


Participants

Forty healthy male adults (mean age ± SEM = 20.8 ± 0.38) were recruited via university advertisement. Only male subjects were recruited due to the main focus on potential relevance to autism and because the majority of previous studies have also only used male subjects. In a within subject design study, each participant underwent the experimental paradigm twice and with a between assessment and treatment period of approximately 2 weeks (mean ± SEM = 14.86 ± 0.16 days). Subjects were randomly assigned to receive either OXT (24 IU OXT in water, 0.9% sodium chloride, and glycerol supplied by the Sichuan Meike Pharmaceutical Company, China) or placebo (PLC containing all ingredients except for the neuropeptide and supplied by the same company) intranasal administration. The order of receiving OXT or PLC was counterbalanced across subjects. Subject number was determined by an a priori power analysis (using G∗power version 3.1.9.4 with α = 0.05 and a 0.5 correlation between repeated measures), which showed that a within-subject design would achieve >80% power for a medium effect size both with ANOVAs (F = 0.25, partial eta squared, 0.06) and post hoc pairwise comparisons (Cohen’s d = 0.5) with a total of 36 subjects. Finally, 40 subjects were finally recruited to compensate for potential subject dropout and data collection issues. Subjects were required to abstain from caffeine, alcohol, nicotine, or other psychoactive substances in the 24 h before each experiment, and initial interviews confirmed the self-reported absence of current or previous psychiatric illness, drug, or alcohol abuse. All participants had normal or corrected to normal vision. The study had full approval from the local ethics committee of the University of Electronic Science and Technology of China, and procedures were in accordance with the latest revision of the declaration of Helsinki. The study was preregistered at clinical trials.gov (Trial registration ID: NCT03293511; URL: https://clinicaltrials.gov/ct2/show/NCT03293511). The experiment was part of a larger study on the effects of intranasal OT on social attention during which subjects completed seven different tasks. Data from the other tasks involving social versus non-social stimuli and face emotion processing presented immediately prior to the current empathy task have been published elsewhere (Le et al., 2020). All subjects signed written informed consent and were paid for participation (100RMB).



Experimental Procedure

In a double-blind placebo-controlled within-subject design, subjects self-administered the nasal sprays (24 IU, three puffs per nostril, each containing 4 IU of OXT or the same number of puffs with the PLC spray) following a standardized protocol (Guastella et al., 2013). At the first visit before treatment administration, participants initially completed a set of Chinese version questionnaires to evaluate mood and personality traits as a control for possible confounders due to any pretreatment group differences [State Trait Anxiety Inventory (STAI), Shek, 1993; Childhood Trauma Questionnaire (CTQ), Bernstein et al., 2003; Zhao et al., 2005]. The Positive and Negative Affect Schedule (PANAS; Watson et al., 1988) was completed three times: before treatment administration (t1) and before (t2) and after the task (t3) in order to assess possible treatment effects on mood. For the assessment of associations with experimental findings in the two groups in relation to autistic traits and empathy Chinese versions of the Autism Spectrum Quotient (AQ; Lau et al., 2013), social responsivity scale (SRS; Gau et al., 2013), and interpersonal responsivity index (IRI; Davis, 1980) were used. All subjects started the eye-tracking task 45 min after receiving the nasal spray.

The empathy task paradigm used was a Chinese version of the MET originally used in Caucasian subjects (Dziobek et al., 2008; Hurlemann et al., 2010) and described previously (Geng et al., 2018b). An adapted and shortened version of the original task was employed in the current eye-tracking study using identical real-life picture stimuli (30 positive and 30 negative valence) of people (both sexes and variable ages) displaying strong positive or negative emotions via face expressions and body posture in a particular context (displayed in the background of the picture). Stimuli were presented in a randomized order for 3 s followed by a fixation cross for 3 s (total task duration = 360 s). Subjects were required to view the stimuli passively. After the eye-tracking task, subjects were shown the picture stimuli again in a different randomized order and required to rate each one for how much they felt the same feelings as the person in the picture (i.e., direct emotional empathy) on a scale of 1–9 (1 = not at all and 9 = very strongly). Pictures were presented for a maximum of 4 s, and the rating scale was displayed under each picture. Subjects indicated their rating score by using a keyboard to move a cursor across the scale on the display screen. For flow charts showing the whole experimental procedure, see Supplementary Figure S1.



Eye-Tracking Data

Eye-gaze data were recorded using an eye tracker (Tobii TX300, Tobii, Danderyd, Sweden), which employs infrared (IR) light-emitting diodes and IR camera to measure corneal reflections and calculate the eye-gaze direction. All gaze data were recorded at 300 Hz sampling rate with a gaze accuracy of 0.4°. Recording and stimulus presentation were conducted using Tobii Pro Studio, E-prime 2.0 software, and E-Prime Extensions for Tobii (Psychology Software Tools, Pittsburgh, PA, United States). All raw data with at least 80% gaze weight were analyzed using Tobii studio. The primary measure collected was total fixation duration, although additionally the number and duration of individual fixations were measured in order to help interpret which were contributing to observed significant changes in overall fixation duration.



Statistical Analyses

All statistical analyses were performed using SPSS 22 (SPSS Inc., Chicago, IL, United States). Three-way repeated ANOVAs were performed with within-subject factors (treatment – OXT, PLC), AOI (background, body, and face), and valence (positive and negative) and percentage of total fixation duration as dependent variable. Separate analyses were also performed using percentage of fixation counts and individual fixation durations as dependent variables. The wide range of orientations and sizes of the faces of individuals portrayed in the picture stimuli of the MET effectively precluded a finer grained analysis of individual face features as AOIs. Similar analyses were performed with percentage of fixation counts and mean duration of individual fixations as dependent variables in order to determine whether alterations in total fixation duration were associated with altered numbers or durations of individual fixations. Significant (p < 0.05) interactions were explored using Bonferroni-corrected post hoc tests. Associations between eye-tracking variables and emotional empathy ratings and autistic and empathy traits (AQ, SRS, and IRI scores) were analyzed using Spearman correlation. To correct for multiple comparisons involving behavioral traits (three questionnaires), the threshold p value was adjusted to p < 0.0167 for the correlation analyses (e.g., p = 0.05/3 = 0.0167).



RESULTS


Effects of Treatment on Mood and Overall Gaze Time

Independent t tests revealed no significant differences in terms of mood and personality traits between subjects with the two different treatment orders (see Supplementary Table S1). A two-way repeated ANOVA with two treatment × three time points for PANAS scores revealed no significant main or interaction treatment effects on positive or negative mood (all p’s > 0.665). There was no significant difference in the total amount of time subjects spent viewing the screen between treatments (t = 0.367, p = 0.716). Thus, OT had no overall effect on time spent viewing the stimulus screen.



Effects of Oxytocin on Emotional Empathy and Patterns of Eye Gaze

Five subjects were excluded from analysis in this task due to technical problems with data collection on one or both of their experimental sessions. Thus, n = 35 subjects were included in the final analysis. We first confirmed that we could replicate previous observations that OT enhanced emotional empathy ratings. Paired t tests revealed that OT significantly increased empathy ratings for both negative [t(1,34) = 2.804, p = 0.008, Cohen’s d = 0.486] and positive valence stimuli [t(1,34) = 2.715, p = 0.010, Cohen’s d = 0.469] compared to PLC (see Figure 1). There was no treatment difference in rating scores (i.e., OT minus PLC) for positive and negative valence pictures (p = 0.549) indicating that OT had a similar effect on both valences.


[image: image]

FIGURE 1. The effects of oxytocin (OT) on emotional empathy ratings. Subjects were asked to rate positive and negative valence pictures on: “how much do you feel the same as the person in the picture (i.e., direct emotional empathy)” from 1 to 9 (1 = not at all and 9 = very strongly). Error bars represent SEM. **p < 0.01, OXT vs. PLC and positive vs. negative valence.


For the eye-tracking component of the study, we used three-way ANOVAs with treatment (OT and PLC), AOIs (human face, human body, and background), and valence (positive and negative) as factors. For the primary dependent variable (proportion of time spent viewing the three AOIs relative to the whole screen), a main effect of AOI [F(2,68) = 501.836, p < 0.001, partial η2 = 0.937] but not treatment [F(1,34) = 1.250, p = 0.271] or valence [F(1,34) = 0.142, p = 0.709] was observed. The main effect of AOI was due to subjects spending proportionately more time viewing human faces and bodies compared with the background (p’s < 0.001) and on human faces as compared to bodies (p < 0.001) (see Figure 2A). There were also significant treatment × AOI [F(2,68) = 5.898, p = 0.013, partial η2 = 0.148] and AOI × valence [F(2,68) = 21.737, p < 0.001, partial η2 = 0.390] interaction effects. Post hoc Bonferroni corrected t tests revealed that OT increased the percentage of time spent viewing faces [t(1,34) = 2.642, p = 0.012, Cohen’s d = 0.525] but correspondingly decreased that for viewing the background [t(1,34) = −2.291, p = 0.028, Cohen’s d = 0.559] (see Figure 2B). For the AOI × valence interaction effect post hoc tests also revealed that for negative compared with positive valence stimuli, subjects spent a greater proportion of time viewing the face (p = 0.012) and background (p < 0.001) but less for the body (p < 0.001). There were no treatment × valence [F(1,34) = 0.482, p = 0.492] or treatment × regions × valence [F(2,68) = 0.260, p = 0.746] interaction effects.
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FIGURE 2. The effects of oxytocin (OT) treatment on eye gaze directed toward the face, body, or background regions during the emotional empathy (EE) task. (A) The mean percentage total fixation duration of face, body, and background across two valence (positive, negative). (B) The effects of oxytocin (OT) treatment on mean percentage total fixation duration of face, body, and background across two valence (positive, negative). Error bars represent SEM. ***p < 0.001, *p < 0.05, OXT vs. PLC.


Identical ANOVA analyses were conducted for proportion of fixation counts and individual fixation durations. For proportion of fixation counts, we found similar results as for proportion of total viewing time, indicating that the latter were mainly due to an increased number of fixations. There was a significant main effect of AOI [F(2,68) = 514.768, p < 0.001, partial η2 = 0.938] but not for either treatment [F(1,34) = 1.830, p = 0.185] or valence [F(1,34) = 0.000, p = 0.993]. The AOI main effect again reflected a higher proportion of fixation counts to the face and body compared with the background (p’s < 0.001) and for the face compared to the body (p < 0.001). There were also significant treatment × region [F(2,68) = 4.518, p = 0.030, partial η2 = 0.117] and valence × region [F(2,68) = 28.573, p < 0.001, partial η2 = 0.457] interaction effects. Post hoc Bonferroni-corrected tests revealed that OT increased the percentage of fixation counts for the face region [t(1,34) = 2.968, p = 0.024, Cohen’s d = 0.454]. For the AOI × valence interaction, post hoc tests also revealed that for negative compared with positive valence stimuli, subjects showed a higher proportion of fixation counts on the face (p = 0.001) and background (p < 0.001) but less for the body (p < 0.001). There were no significant treatment × valence [F(1,34) = 0.041, p = 0.841] or treatment × regions × valence [F(2,68) = 2.005, p = 0.147] interaction effects. For individual fixation durations, there was only a significant main effect of AOI [F(2,68) = 65.263, p < 0.001, partial η2 = 0.657] due to subjects exhibiting longer durations of individual fixations toward the face compared to body and background (all p’s < 0.001) and to the background compared to the body (p = 0.001).



Associations Between Eye-Gaze Measures and Emotional Empathy Ratings and Autistic and Empathic Traits

We investigated correlations between treatment difference scores (i.e., OT – PLC) for both ratings and eye-tracking measures using Spearman tests. The results showed that the difference between percentage of total fixation duration for the face was positively correlated with the difference in rating scores for negative valence pictures (r = 0.348, p = 0.041), although not for positive ones (r = 0.211, p = 0.225) (see Figure 3). However, the same difference analysis for the percentage of fixation counts revealed significant correlations for both negative (r = 0.508, p = 0.002) and positive valence pictures (r = 0.340, p = 0.046) and on the body region for negative valence pictures (r = −0.392, p = 0.02) but not positive valence ones (r = −0.126, p = 0.47). Thus overall, the effects of OT on patterns of eye gaze were generally associated with those on emotional empathy ratings, although most strongly for negative valence pictures.
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FIGURE 3. Correlation (Spearman) between emotional empathy ratings and percentage of total fixation duration using treatment differences scores (i.e., OT minus PLC treatment). Tfd, total fixation duration. Negative face: face region in negative valence pictures. Positive face: face region in positive valence pictures. Emotional empathy ratings for “how much do you feel the same as the person in the picture (i.e., direct emotional empathy)” from 1 to 9 (1 = not at all and 9 = very strongly). OT – PLC, OT minus PLC treatment condition.


Spearman correlation analyses revealed no significant correlations between autistic (AQ and SRS) or empathic (IRI) traits and the percentages of total fixation duration and fixation counts on each region (all p’s > 0.113).



DISCUSSION

In the current study, we used eye tracking to investigate the effects of intranasal OT on emotional empathy and visual attention to different features of real life pictures in the MET. Results first confirmed previous findings that OT increases emotional empathy in both negative and positive emotional contexts (Hurlemann et al., 2010; Geng et al., 2018a, b). Second, results showed that OT increased both the proportion of time spent viewing the faces of the individuals portrayed in the pictures while correspondingly decreasing them to other features in the pictures. Furthermore, there was a significant positive association between the effect of OT on increasing the proportion of viewing time and/or fixation counts on the face and on increasing emotional empathy ratings, particularly for negative valence pictures. Overall, these findings provide a further replication of the finding that OT enhances emotional empathy and that this effect is associated with greater attention toward the faces of individuals displaying both negative and positive emotions and correspondingly reduced attention toward other contextual information.

Our findings that OT increased time spent viewing the faces of individuals expressing either positive or negative emotions in real-life contexts and that these were associated with parallel increased ratings of emotional empathy for negative, and to a lesser extent positive valence stimuli, support the conclusion that it may increase emotional empathy by enhancing the salience of the social stimuli. Additional support for this conclusion comes from observations in parent–offspring interactions. Mothers with higher plasma OT concentrations have been reported to pay more attention to their baby especially when the baby is distressed, implying that mothers with higher OT concentrations pay more attention to salient cues from their baby and respond more empathically toward them (Kim et al., 2014). Correspondingly, young children with higher saliva OT concentrations pay greater attention to the eye region of the faces (Nishizato et al., 2017).

There were also some indications that reductions in gaze toward other regions of the pictures were negatively associated with emotional empathy ratings. These findings contrast to some extent with a previous study using dynamic (video clip) stimuli reporting that OT increased emotional empathy for fearful faces and time spent viewing the eyes of these faces (and also happy, sad, and pain) but with an inverse relationship between them (Hubble et al., 2017a). The differences in findings may be explained by the different stimuli used, a static compared to dynamic presentation, and that in our current study, we focused on gaze toward the face as a whole rather than the eyes. We also did not focus on the specific individual emotions expressed but only whether they were in negative or positive valence situations. Another study has also reported no effects of OT on eye-gaze patterns toward positive, neutral, and negative valence pictures despite having effects on neural responses (Lischke et al., 2017). However, this latter study included both social and non-social pictures and not specifically intended to evoke empathic responses.

Subjects spent significantly more time viewing the faces and the backgrounds for negative compared with positive valence pictures, suggesting that they may pay greater attention to threatening salient cues, although pictures depicting sadness were also included. However, there was no treatment × valence interaction effect, indicating that OT had similar effects on increasing attention to salient cues for both positive and negative valence pictures. Emotional empathy ratings were also similar for positive and negative valence pictures, and altered ratings following OT were not significantly different.

We did not find any significant associations between eye-gaze parameters or emotional empathy ratings and scores on either autistic (AQ and SRS) or empathic (IRI) traits. In our previous study, we also found only marginal negative associations between AQ scores and emotional empathy ratings following PLC treatment (Geng et al., 2018a), and so a tentative conclusion from both studies is that the relationship between trait autism and emotional empathy and associated gaze toward the face in the MET is weak at best in healthy subjects. Given the greater evidence for altered patterns of eye gaze in clinical autism populations when viewing faces or other social stimuli (Chita-Tegmark, 2016; Kou et al., 2019), it is possible that they would exhibit stronger associations between symptom severity and eye-gaze and empathy ratings in the MET. Similarly, we did not find any associations with trait empathy scores as measured by the total IRI, possibly suggesting that the latter test is perhaps more sensitive for all aspects of empathic behavior rather than specifically for emotional empathy.

Several limitations should be acknowledged in the current study. First, we only included male subjects, and there is increasing evidence for sex-dependent effects of OT (Gao et al., 2016; Luo et al., 2017; Lieberz et al., 2019), although we have previously shown no sex-dependent effects of OT on emotional empathy or amygdala responses in the MET (Geng et al., 2018b). Two other studies showing effects of OT on pain empathy have also not found sex-dependent effects (Shamay-Tsoory et al., 2013; Abu-Akel et al., 2015), and so we would predict that similar effects of OT on patterns of eye gaze during the MET would occur in female subjects. Second, we could only investigate effects of OT on gaze toward the whole face region due to the nature of the MET pictures and so were unable to investigate if the eye region was of most importance. Finally, the picture stimuli presented were static, and it is possible that results using dynamic pictures could be different.

In summary, our findings in the current study demonstrate that the effects of OT in increasing emotional empathy responses to positive and negative expressions of emotions in real-life contexts are associated with an increase in time viewing the face region of protagonists in the pictures and correspondingly less to other salient features. This provides further support for an important general role of OT in shifting attention toward the most salient features of social stimuli in line with the social salience hypothesis (Shamay-Tsoory and Abu-Akel, 2016) and may contribute to greater attention and empathic responses in more specific contexts such as parent–offspring interactions.
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The beneficial effects of oxytocin on infarct size and functional recovery of the ischemic reperfused heart are well documented. The mechanisms for this cardioprotection are not well defined. Evidence indicates that oxytocin treatment improves cardiac work, reduces apoptosis and inflammation, and increases scar vascularization. Oxytocin-mediated cytoprotection involves the production of cGMP stimulated by local release of atrial natriuretic peptide and synthesis of nitric oxide. Treatment with oxytocin reduces the expression of proinflammatory cytokines and reduces immune cell infiltration. Oxytocin also stimulates differentiation stem cells to cardiomyocyte lineages as well as generation of endothelial and smooth muscle cells, promoting angiogenesis. The beneficial actions of oxytocin may include the increase in glucose uptake by cardiomyocytes, reduction in cardiomyocyte hypertrophy, decrease in oxidative stress, and mitochondrial protection of several cell types. In cardiac and cellular models of ischemia and reperfusion, acute administration of oxytocin at the onset of reperfusion enhances cardiomyocyte viability and function by activating Pi3K and Akt phosphorylation and downstream cellular signaling. Reperfusion injury salvage kinase and signal transducer and activator of transcription proteins cardioprotective pathways are involved. Oxytocin is cardioprotective by reducing the inflammatory response and improving cardiovascular and metabolic function. Because of its pleiotropic nature, this peptide demonstrates a clear potential for the treatment of cardiovascular pathologies. In this review, we discuss the possible cellular mechanisms of action of oxytocin involved in cardioprotection.
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OXYTOCIN AND THE CARDIOVASCULAR AND CARDIORENAL SYSTEMS

Our research in the last two decades on oxytocin (OT) in heart biology has generated a broad interest of the role of this neuropeptide on overall cardiometabolic and vascular functions. Our important findings highlighted the discovery of a specific OT system, including the presence of OT and the OT receptor (OTR) in the rodent and human heart (Gutkowska et al., 1997; Jankowski et al., 1998). The presence of OT and OTRs in cardiac chambers indicates autocrine and/or paracrine roles for this peptide. The effects of OT and its associated signaling pathways are mediated by OTRs, which are also present in large vessels (Jankowski et al., 1998, 2000) as well as in cardiac microvessels expressing the CD31 marker and co-localizing with endothelial nitric oxide (NO) synthase (eNOS) (Thibonnier et al., 1999; Jankowski et al., 2010b). The adult rat heart expresses the OTR in all chambers, but it is most abundantly found in the endothelium and cardiomyocytes (CMC) (Jankowski et al., 2004b; Wang et al., 2003). OT exerts its functions by binding to OTRs in cardiac cells or indirectly in the vasculature to regulate function, such as decreasing the left ventricular (LV) preload and the inotropic state (Jankowski et al., 1998). Vascular OT is involved in control of vascular tone and blood flow, regrowth, and remodeling (Thibonnier et al., 1999; Cattaneo et al., 2009); and depending on the vascular bed, OT induces both vasoconstriction and vasodilation (Japundzic-Zigon, 2013). As a result, systemic administration of OT has significant effects on vascular tone, blood flow and pressure, and cardiovascular regulation (Gutkowska et al., 2014) via neural (Uvnäs-Moberg et al., 2019) and renal effects (Jankowski et al., 2019). Conversely, OT or OTR knockout mice do not appear to demonstrate deficiencies in cardiac function (Jankowski et al., 2016). However, cardiovascular function is impaired in obese aged mouse models deficient in OTR function (Takayanagi et al., 2008). In fact, differences were noted in basal blood pressure, baroreflex function, and autonomic function in OT-deficient mice, supporting the role of OT system in cardiovascular function (Michelini et al., 2003).

The role of OT in the regulation of blood pressure is well documented (Petersson, 2002; Gutkowska and Jankowski, 2011; Gutkowska et al., 2014; Buemann and Uvnäs-Moberg, 2020). OT regulates arterial blood pressure by acting through both central and peripheral mechanisms. Immediate and rapid effects on blood pressure occur with direct intracerebrovascular injections of OT (Figure 1). The decrease in arterial pressure and bradycardia by central application of OT is associated with enhanced α-2 responsiveness in the locus coeruleus, nucleus tractus solitarius, and dorsal motor nucleus of the vagal nerve (Higa et al., 2002; Petersson, 2002; Buemann and Uvnäs-Moberg, 2020). Subcutaneous injections of OT can also decrease blood pressure by acting peripherally on the cardiovascular and renal systems. By acting through these systems, OT decreases arterial blood pressure by modulating the autonomic nervous system, resulting in a reduction in heart rate and contractility. In addition, OT decreases vascular resistance of peripheral blood vessels and increases renal blood flow, producing a natriuretic effect and a decrease in blood volume. Atrial natriuretic peptide (ANP) release from atrial CMC mediated by a paracrine effect of OT also favorably decreases arterial pressure. This indirectly inhibits the synthesis of renin and aldosterone and induces diuresis (Figure 2). Interestingly, with repetitive subcutaneous injections of OT, this peptide crosses the blood–brain barrier (BBB) and decreases arterial pressure by acting on central mechanisms.
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FIGURE 1. Schematic representation of the centrally mediated actions of oxytocin treatment on blood pressure regulation. Intracerebrovascular injections of OT increase α-2 adrenoreceptor responsiveness in the LC and NTS. Within the NTS, impulses reach the medullary cardiovascular center of the medulla oblongata where the baroreceptor afferents are activated to variations in arterial pressure. When arterial pressure is elevated or in with injections of OT, inhibitory neurons in the CVLM that extend to the RVLM, which regulates sympathetic nervous tone from the spinal cord to peripheral organs, are activated. Activation of this pathway suppresses peripheral sympathetic outflow to the heart and peripheral resistance vessels, leading to bradycardia and vasodilation of these vessels, respectively, and a decrease in arterial pressure. In addition, intracerebrovascular administered OT activates the oxytocinergic neurons and stimulates the synthesis and release of OT from the posterior pituitary. Plasma OT binds to the OTRs in cardiac tissue to induce a bradycardia and the release of ANP. OT also binds to the OTRs present in the vasculature, causing vasodilation. ANP, atrial natriuretic peptide; CVLM, caudal ventrolateral medulla; DMN, dorsal motor nucleus of the vagus nerve; LC, locus coeruleus; NTS, nucleus tractus solitarius; OT, oxytocin; OTR, oxytocin receptor; PVN, paraventricular nuclei; RVLM, rostral ventrolateral medulla; SON, supraoptic nuclei.
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FIGURE 2. Schematic diagram of the role of OT in the regulation arterial blood pressure. Activation of the baroreceptor (renal, aortic, and carotid) reflex to an increase in blood volume expansion or hypertension and subsequent integration of the afferent signals within the NTS activates oxytocinergic neurons. This induces the synthesis of OT from the PVN and SON of the hypothalamus and release into the plasma. In plasma, OT can bind to OTRs found in the heart, kidney, and vasculature. The heart is also a source of OT where it can also bind to its receptors. Activation of the OTR in the heart induces bradycardia and a decrease in inotropy as well as the release of ANP and NO. Release of cardiac ANP induces vasodilation of peripheral arterioles after binding to the NPR-A. The effect of OT on peripheral vasodilation is a NO-dependent vasodilation effect. ANP also binds to NPR-A receptors in the renal vascular. Physiological concentrations of OT and ANP induce arteriolar dilation, leading to diuresis, natriuresis, kaliuresis, and a decrease in plasma volume. The net effect is a decrease in arterial pressure. High levels of OT in either plasma or centrally produced from the oxytocinergic system are known to suppress the hypothalamus–pituitary–adrenal axis. This decreases CRF release from the hypothalamus and decreases production of ACTH and cortisol. ACTH, adrenocorticotropic hormone; ANP, atrial natriuretic peptide; AP, anterior pituitary; CRF, corticotropin-releasing hormone; NO, nitric oxide; NPR-A, natriuretic peptide receptor, type A; NTS, nucleus tractus solitarius; OT, oxytocin; OTn, oxytocinergic neurons; OTR, oxytocin receptor; PP, posterior pituitary; PVN, paraventricular nuclei; SON, supraoptic nuclei.




OXYTOCIN POTENTIAL IN HEART REGENERATION

Enhanced OT synthesis and OTR expression have been reported in the developing heart at day 21 of gestation and early postnatal days (Jankowski et al., 2004a). At this stage, cardiac cells intensively proliferate in vitro and contain numerous cardiac progenitor cells (CPCs), which can contribute to cardiac reparative processes (Bollini et al., 2011). Several studies have proposed a role for OT in cell proliferation (Emmert et al., 2012; Noiseux et al., 2012), and therefore, we proposed that OT is involved in differentiation stem cells into cardiac lineages. For differentiation, the well-established mouse embryonal carcinoma P19 cell line for early heart differentiation was employed (van der Heyden and Defize, 2003). The efficient differentiation of P19 cells depends on the prior formation of non-adhering cell aggregates, which can differentiate into all three germ layers. Treatment aggregates with 10–7 M of OT resulted in generation of beating cell colonies, which were disclosed as CMC using histological, molecular, and electrophysiological markers (Paquin et al., 2002). Next, we revealed that activation of NO plays an important role in OT-mediated CMC differentiation (Danalache et al., 2007) and that OT stimulates differentiation of endothelial and smooth muscle cells (Cattaneo et al., 2009), promoting angiogenesis. A number of reports revealed that cardiomyogenesis occurs in different stem cell lines, including somatic stem cells (Sca-1) (Matsuura et al., 2014) isolated from adult mouse and rat cardiac stem cell progenitors identified as side population (Oyama et al., 2007). These and other findings suggested that OT serves as a naturally occurring cardiomorphogen. This is supported by observation that OT and its extended form, which contain the amino acids glycine, lysine, and arginine (OT-GLA), are abundant in the mouse fetal heart (Danalache et al., 2010). In contrast to the OT system in the hypothalamus, both OT and OTR are elevated in postnatal CMC and then decrease to low levels in adults (Jankowski et al., 2004a). Interestingly, the well-recognized and major cardiomyogen retinoic acid increases the expression of OT in the fetal heart (Jankowski et al., 2004a). Correspondingly, the generation of functional CMC from stem cells by OT (Paquin et al., 2002; Gassanov et al., 2008; Matsuura et al., 2014) has been proposed for cardiac cell therapy (Kim et al., 2010; Noiseux et al., 2012).



OXYTOCIN IN CARDIOVASCULAR PATHOLOGIES

The importance of the cardiovascular actions of OT was also acknowledged in recently published reviews in relation to atherosclerosis (Wang et al., 2019) and in the prevention and treatment of cardiovascular pathologies (Reiss et al., 2019; Buemann and Uvnäs-Moberg, 2020). Taken together, many of these observations indicate that OT plays a critical role on cardiovascular function. Since the first investigation describing the cardiac OT system, it was clearly established that in addition to the direct action of OT on cardiovascular regulation, the effects of OT are also mediated by the release of ANP (Gutkowska et al., 1997). OT stimulates the release of ANP from CMC through endocrine and paracrine pathways, which in turn regulates blood pressure via both renal excretion mechanisms and peripheral vasodilation. OT also regulates coronary perfusion pressure by inducing vasodilation of coronary resistance arteries (Gutkowska et al., 1997). ANP is also involved in many beneficial actions in the heart, such as reduction of extracellular fluid, improvement in cardiac ejection fraction, and inhibition of both CMC hypertrophy and fibrosis in heart failure (Gutkowska et al., 2014). ANP and brain natriuretic peptide (BNP) are potent diuretic, natriuretic, and vasorelaxant hormones synthetized in the heart, brain, and various peripheral tissues (Gutkowska and Nemer, 1989). Secondly, NO, a key regulator of cardiac and vascular function, is involved in numerous actions in the heart and vascular beds by OT (Gutkowska et al., 2014). A number of social and reproductive behaviors such as breastfeeding, cutaneous contact between a mother and her infant, and sexual activity either alone with or others are linked to OT sensory stimulation (Buemann and Uvnäs-Moberg, 2020; Szczepanska-Sadowska et al., 2020). In addition, OT release is associated with reduced anxiety, depression, pain, inflammation, a reduction in the risk of cardiovascular disease and diabetes (Uvnäs-Moberg et al., 2014). On the other hand, negative social and behavioral factors can contribute to lowering the levels of OT in plasma (Tsai et al., 2019). This can result in decreased expression of OTR (Nation et al., 2010) and on a chronic basis leading to the development of cardiovascular abnormalities.

Patients with diabetes are at increased risk of developing cardiovascular diseases. In addition, the severity of cardiac ischemic events is greater in patients with type 2 diabetes (T2DM). Epidemiological studies have shown that death rates from cardiovascular diseases are increased in the patients with T2DM. This higher mortality rate is explained, in part, the downregulation of the pro-survival kinase pathways, disturbances in the mitochondrial permeability transition pore (mPTP), dysfunctional mitochondrial adenosine triphosphate (ATP)-sensitive potassium channel (mKATP) channels, and increased calcineurin activity, all of which are linked to loss of conditioning (Penna et al., 2020b). The role of OT on glucose uptake, pancreatic function, and regulation of body weight balance suggests the involvement of OT in the pathophysiology of diabetes (Elabd and Sabry, 2015). These effects were observed not only in animal models but also in human clinical studies (Zhang et al., 2013; Klement et al., 2017). However, few studies to date have examined the cardioprotective effects of OT in animal models of diabetes. This is explained by the lack of available relevant animal models of disease that precisely mimic the human pathology associated with diabetes and the difficulty in adapting during the events of ischemia and reperfusion (IR) that occur in the human heart (Russo et al., 2017; Penna et al., 2020b). Kim Y.S. et al. (2013) obtained indirect proof that OT might provide cardiac protection against diabetes by demonstrating that the lack of therapeutic action of mesenchymal cells isolated from diabetic rat was ameliorated after cell treatment in medium supplemented with OT. The db/db mouse model is a commonly used model of insulin resistance, system inflammation, and obesity for the study of T2DM. This model also exhibits many of the metabolic and cardiovascular function changes recognized with human T2DM. These mice also display aspects of psychosis and depression-like behaviors as seen in some psychiatric disorders (Ernst et al., 2013). The db/db mouse displays augmented cardiac apoptosis, CMC enlargement, collagen accumulation, and a significant downregulation in cardioprotective genes related to the OT–NP–NO system. Our studies have demonstrated that the expression of OT, OTR, ANP, BNP, and eNOS is reduced by more than 50% in hearts from db/db mice compared with lean wild-type control mice (Gutkowska et al., 2009). Our new evidence demonstrated that OT treatment of young db/db mice prevented the onset cardiomyopathy from occurring (Plante et al., 2015). Similarly, inhibition of diabetic cardiomyopathy in this model of diabetes has been demonstrated by treatment with BNP, which further provides evidence that the beneficial effects of OT on heart function are mediated, at least in part, by natriuretic peptides (Plante et al., 2014). More data regarding the effects of OT in diabetic models of cardiovascular pathology were published in our recent review (Jankowski et al., 2016). In the following section, we discuss evidence supporting the role and interactions between OTR and the factors involved in the protection of cardiac cells as well as how these can potentially regulate mitochondrial processes.



PROTECTIVE ROLE OF THE OXYTOCIN RECEPTOR IN THE HEART

Coronary heart disease (CHD) in the form of acute myocardial infarction (MI) and acute coronary syndromes accounts for nearly one-third of heart disease-related deaths and disability in developed countries. Timely reperfusion of the coronary arteries after acute MI is critical for the restoration of blood flow. A reduction in infarct size can also be accomplished by subjecting the heart to repeated short periods of ischemia followed by IR (Penna et al., 2015). Rapid restoration of blood flow and oxygen delivery during reperfusion after ischemia paradoxically induces cell dysfunction and death but is essential to protect ischemic tissues and restore function. However, conditioning strategies are known to reduce damage to the reperfusion heart. In the ischemic preconditioning (IPC) setting, this is accomplished by inducing brief non-lethal periods of IR before a longer and sustained phase of IR to the heart or to peripheral organs [remote ischemic preconditioning (RIPC)]. Postconditioning (IPostC) refers to this process performed at the onset of reperfusion. Preclinical studies on experimental animal models have identified numerous molecular pathways potentially involved in cell death and accessible for therapeutic intervention (Ruiz-Meana et al., 2019). However, application of these cardioprotective approaches into the relevant clinical realm has been disappointing, and many potential reasons for this have been proposed (Kleinbongard et al., 2019). First, patients recruited into these trials are generally at an advanced age and display several confounding features like hyperlipidemia, hypertension, obesity, and diabetes; these conditions are difficult to reproduce in animal models used for research purposes (Russo et al., 2017; Ruiz-Meana et al., 2019; Femmino et al., 2020; Penna et al., 2020b). Second, since MI is multifactorial, CMC death occurs via multiple mechanisms and pathways, affecting platelets, fibroblasts, endothelial cell, smooth muscle cells, and immune cells. In this regard, optimal cardioprotection likely requires the application of several combinations of additive or synergistic multitarget therapies (Davidson et al., 2019). In this context, the pleiotropic nature of OT is an attractive hormone that could provide added benefits in the treatment in cardiovascular pathologies (Gutkowska and Jankowski, 2012). There is growing recognition of the anti-ischemic actions of OT in experimental models of IR injury (see Table 1). In rat and rabbit models of ischemic heart disease, OT enhances recovery of LV function by reducing ischemic and reperfusion damage (Kobayashi et al., 2009; Jankowski et al., 2010a; Ondrejcakova et al., 2012; Alizadeh and Mirzabeglo, 2013) and infarct size (Kobayashi et al., 2009; Ondrejcakova et al., 2009; Alizadeh et al., 2010; Jankowski et al., 2010a). Downregulation of the OT–OTR system induced by experimental MI can be reversed with OT administered either before the onset of ischemia or 7 days after the ischemic injury (Jankowski et al., 2010b). In addition, OT treatment improved cardiac work, increased scar vascularization, and reduced apoptosis. This anti-apoptotic effect of OT involved the OTR based on our experiments using H9c2 cells transfected with siRNA sequences complementary to OTR mRNA. In cells expressing reduced OTR content, treatment with OT enhanced apoptotic effect of IR, whereas in control cells treated with scrambled siRNA, OT evoked significant protection (Gonzalez-Reyes et al., 2015). These effects are consistent with observation that in the early period after MI in the rat, mRNA expression of OTR is significantly downregulated and then gradually increases above the normal levels following OT treatment (Jankowski et al., 2010b).


TABLE 1. The effects of oxytocin in various cardioprotective models.
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In addition to the well-documented roles of OT in classic reproduction functions, evidence suggests that activation of OT and AVP-mediated signaling may benefit cardiovascular function in pregnancy (Szczepanska-Sadowska et al., 2020). It is suggested that stimulation of the OT and AVP receptors in the cardiovascular system protects cardiovascular function in the mother and fetus. However, there are few reports that inappropriate action of OT after bolus injection at high OT concentration may be detrimental to the cardiovascular system and increase the risk of heart failure in the mother and offspring (Svanstrom et al., 2008). In contrast, we have demonstrated the presence of fibrotic deposits, CMC hypertrophy, capillary rarefaction in heart, and increased expression of cardiac pathology markers in the pregnant rat following placental ischemia (Gutkowska et al., 2011). Some of these detrimental consequences were reversed with etanercept treatment, a soluble receptor of TNF-α, which activated eNOS and enhanced OTR identified in cardiac microvessels (Gutkowska et al., 2011). Also, the activation of the OTR using the estrogenic stimulus of genistein in ovariectomized rats was potentially associated with improvement of aortic structure (Wang et al., 2003) and cardiac functional parameters (Jankowski et al., 2010b). In examining the role of this system as being either beneficial or detrimental, it is important to consider the fine balance that exists between cardiac OTR versus the OT levels produced locally and the concentration of OT present in the circulation. Moreover, the published data raise the important question of how naturally occurring variations in the cardiac OT system can influence pathology and physiological processing of OT in the heart. Also of importance in this cardiac-specific overexpression of OTR model is the role of the arginine-vasopressin system (AVP; hormone and V1/V2 receptors) and its potential involvement on cardiac function (Gutkowska et al., 2014). Although OT and AVP have a higher affinities for their own receptors, cross-talk between these hormones with OT and AVP receptors is a likelihood when these peptides are administered in high concentrations (Song and Albers, 2018). For example, depending on the concentration and route of administration, OT induces diuretic and antidiuretic responses in rat kidney (Balment et al., 1980). With the use of a physiological concentration, diuresis and natriuresis are stimulated in rodents (Jankowski et al., 2019) by mechanisms that involve the release of ANP by the heart and activation of OTR in kidney to produce NO (Haanwinckel et al., 1995; Soares et al., 1999). In the presence of a pharmacological concentration of OT (Ecelbarger et al., 2001; Moeller and Fenton, 2012) or chronic infusion, an antidiuretic effect is observed mediated by the V2 receptor. In addition, the OTR and similar receptors (i.e., rhodopsin-type Class 1) of the G-protein coupled receptors is regulated by changes in receptor expression and resistance and local OT concentrations exposed to the OTR (Gimpl and Fahrenholz, 2001). Therefore, from a pharmacotherapy perspective, OT analogs should be developed to offer both safe and efficacious treatment for the treatment of cardiovascular diseases (Buemann and Uvnäs-Moberg, 2020). In fact, postconditioning with OT decreased infarct size in a U-shaped dose-dependent manner with a maximum cardioprotective effectiveness achieved with 10–11 M (Anvari et al., 2012), a concentration that nearly matches the physiological level of OT measured in rat plasma (Leng and Sabatier, 2016). Therefore, OT concentration and duration of treatment, density and affinity of specific receptors, the presence of accompanied AVP receptors, and other factors decide about beneficial or deleterious effects on the cell, organ, and whole body.



OXYTOCIN AND INFLAMMATION

Nervous and immune systems display similar functions such as monitoring and rapidly responding to imbalance in the cardiovascular homeostasis (Carnevale and Lembo, 2020). The innate immune response in peripheral tissues is regulated by the neuro-immune circuit in central nervous system [reviewed in Irwin and Cole (2011)]. The innate immune system also in reverse, by production of cytokines, can regulate the function of the central nervous system, and this has effects on behavior (Kenney and Ganta, 2014). Accumulating evidences indicate that the hypothalamo-neurohypophysial system is involved in neuroendocrine–immune network, wherein the OT-producing system plays an important function (Li et al., 2016). Petersson et al. (1998) demonstrated that low dose of OT given intracerebroventricularly mediated mechanisms in the brain regulating survival of dorsal musculocutaneous flaps was improved in rats. As recently discussed, the anti-inflammatory effects of OT may be delivered from the hypothalamus/posterior pituitary gland both by humoral routes and by the autonomous nervous system (Buemann and Uvnäs-Moberg, 2020). Several pathophysiological events (as illustrated on Figure 2) lead to activation neural circuit and cardiac release of ANP, also known as an important factor in innate immune function as well as in the adaptive immune response (Vollmar, 2005). It has been reported that inhibition of neurohypophysial hormones secretion by hypophysectomy and neurointermediate pituitary lobectomy in rat blocked humoral and cellular immune responses in rats (Quintanar-Stephano et al., 2004; Campos-Rodriguez et al., 2006). An accelerated healing of skin wound in mice and humans was obtained by treatment with bacteria, Lactobacillus reuteri (Poutahidis et al., 2013). OT was essential for this wound-healing effect, because both OT knockout and vagotomy abolished skin wound closure (Poutahidis et al., 2013). Since the most of neurons in the vagal nerve are afferent (Forsythe et al., 2014), therefore, it is possible that neural signals were transmitted from the intestine to the CNS and then stimulated OT anti-inflammatory response at periphery. The vagus nerve provides innervation to a wide variety of tissues, including the heart, and its activation is stimulated by numerous factors like mechanosensitive receptors in the cardiovascular systems (Carnevale and Lembo, 2020).

Cardiovascular pathology is characterized by oxidative stress and inflammation and release of inflammatory cytokines (Ong et al., 2018; Zuurbier et al., 2019). Dying CMC cause an inflammatory response from increased production of damage-associated molecular patterns (DAMPs), reactive oxygen species (ROS), and complement. The release of proinflammatory cytokines mediates the accumulation of neutrophils, monocytes, macrophages, B lymphocytes, and CD8+ T cells into the infarct zone (Ong et al., 2018; Zuurbier et al., 2019). DAMPs serve as ligands for pattern recognition receptors (PRRs), including Toll-like receptors (TLRs) and nucleotide-binding oligomerization domain-like receptor family of cytosolic protein (NLRP3) inflammasomes. As recently discussed, the anti-inflammatory effects of OT have been supported under local and systemic levels (Buemann and Uvnäs-Moberg, 2020). There are recent reviews documenting that OT alleviates these immunoinflammatory abnormalities (Li et al., 2016; Bordt et al., 2019) with three referring to the actions of OT in the cardiovascular system (Reiss et al., 2019; Wang et al., 2019; Szczepanska-Sadowska et al., 2020). We have observed that following MI, rats preconditioned with OT displayed improvement of cardiac contractile function. This beneficial effect on LV function was associated with reduced fibrosis and a diminished inflammatory response marked by decreases in neutrophils, macrophages, and T lymphocytes. In these hearts, OT also decreased the expression tumor necrosis factor α (TNF-α), interleukin (IL)-1β, and IL-6 (Jankowski et al., 2010b). In the absence of OT, these changes can affect function of the infarcted heart. Both IL-1β and TNF-α may reduce ATP production by inducing the production of ROS, thereby inhibiting oxygen use by the heart (Ebermann et al., 2009). OT treatment can restore the deficiency in ATP production by stimulating (Jankowski et al., 2010b) glucose uptake in CMC (Florian et al., 2010). The improvement of cardiac contractility and prevention of heart failure in response to OT treatment may be related to lowered TNF-α expression in the infarcted myocardium (Schumacher and Naga Prasad, 2018). In addition, infusions of OT stimulate the expression of transforming growth factor (TGF)-β, resulting in an improvement of LV function, lowered apoptosis, and enhanced cell proliferation (Frantz et al., 2008). OT can also stimulate gene expression of the anti-inflammatory cytokine IL-10 in LV scar tissue (Jankowski et al., 2010b). Because the mRNA from the infarct zone is derived mainly from cells invading the infarcted zone, the presented changes in cytokine mRNA may reflect the expression of local inflammatory cells. Indeed, Szeto et al. (2008) reported that within lipopolysaccharide (LPS)-stimulated human THP-1 macrophages, OT inhibits the secretion of the proinflammatory cytokine IL-6. A further study from this group indicated that human THP-1 cells, mouse macrophage cell lines, and primary human monocyte-derived macrophages treated with LPS produced a 10- to 250-fold upregulation of OTR mRNA with treatment with OT decreasing LPS-induced production of IL-6 (Szeto et al., 2017). In contrast to results reported using microglial cells, where OTR upregulation in response to LPS appears to be dependent on nuclear factor kappa-light-chain-enhancer of activated B cells (NF-κB) (Yuan et al., 2016; Inoue et al., 2019), the LPS-stimulated increase in OTR in macrophages was not blocked by inhibition of NF-κB but rather from inhibition of the ERK in the MAPK pathway by preventing phosphorylation of p38 (Szeto et al., 2017). The investigations on microglial cell models revealed several new observations, which potentially can be translated to the studies of OT in the cardiovascular system. Inoue et al. (2019) demonstrated that LPS treatment of microglia induced a stress reaction of the endoplasmic reticulum (ER). The stressed ER stimulates an unfolded protein response counteracting the accumulation of unfolded or misfolded proteins accomplished by activation of transcriptional or translational pathways to maintain cellular homeostasis (Wang et al., 2018; Bordt et al., 2019). An important mediator in this response is role of eukaryotic initiation factor 2α (eIF2α). In LPS-treated microglial cells, OT reduced the phosphorylation levels of eIF-2 α and subsequently suppressed signaling pathways related to the production of TNF-α and interleukins (IL-6 and IL-1β), as well as caspase-1 and caspase-11, markers of NLRP3 inflammasome (Inoue et al., 2019). In a study by Klein et al. (2016) using Caco2BB gut cells, OT treatment in combination with LPS significantly enhanced phosphor-IF2α levels as compared with only LPS, suggesting a protective role of OT in reducing protein translation to LPS treatment. Finally, recent results indicate that OT significantly reduced LPS-induced injury and prevented levels of IL-1β, IL-18, and IL-6 from increasing. Interestingly, OT also inhibited LPS-induced TLR4 expression and NLR family pyrin domain containing NLRP3 inflammasome activation (An et al., 2019).

The inflammasome is a multimolecular complex in the cell that is capable of detecting stresses and inducing inflammatory response. The inflammasome produces and releases active cytokines (primarily IL-1β), which mediate the acute phase of an inflammatory response as seen in fever. The involvement of the NLRP3 inflammasome in conditions such as impaired glucose tolerance and peripheral inflammation from obesity has been reported, and evidence suggests that the inflammasome may contribute to the development of vascular and ventricular dysfunction (Sokolova et al., 2019; Femmino et al., 2020). The most widely characterized inflammasome sensor in the heart is NACHT, LRR, and PYD domain-containing NLRP3, which is activated in response to sterile stimuli like cell debris during acute MI (Toldo and Abbate, 2018). Within the healthy heart, NLRP3 is slightly expressed and increases after 1–3 h of reperfusion in experimental IR in several animal models. Activation of the NLRP3 inflammasome stimulates additional myocardial damage by promoting IL-1β release and through induction of inflammatory cell death (Toldo et al., 2018). In diabetes, hyperglycemia and elevated free fatty acids promote gluco- and lipotoxicity that stimulate oxidative and ER stress, which in turn causes an inflammatory response by the NLRP3 inflammasome and related proinflammatory interleukins. Therefore, in diabetic subjects, NLRP3 expression may be elevated before an ischemic insult and leads to enhanced injury during an acute MI. Inhibiting NLRP3 inflammasome function early during reperfusion following acute MI is beneficial on recovery of LV function by reducing infarct size (Toldo and Abbate, 2018; Toldo et al., 2018). OT can play a significant role in this process.



MOLECULAR SIGNALING OF OXYTOCIN IN THE HEART

In addition, OT maintains the viability and morphology of CMC in the injured heart. To explain this effect, several mechanisms of action of OT in cardiac cells have been proposed. These mechanisms include decreased apoptosis, hypertrophy, and fibrosis in CMC as well as an increase in glucose uptake and oxidation. Benefits of OT also occur as a result of increased cell proliferation and differentiation of cardiac stem cells (Gutkowska and Jankowski, 2011). We have reported that exogenous OT administration regulates the intrinsic cardiac conduction system, producing a negative chronotropic effect (Jankowski et al., 1998). OT induces a transient negative inotropic and chronotropic effect in isolated perfused dog right atria by increasing NO production and acetylcholine release on cardiac parasympathetic postganglionic neurons (Mukaddam-Daher et al., 2001). Decreasing chronotropicity of the heart reduces oxygen consumption and improves both coronary blood flow and subendocardial blood flow resulting in an increased contractile function (Ondrejcakova et al., 2009). The importance of these actions of OT on the intrinsic neural system in the heart was demonstrated by Jovanovic et al. (2019) where the uptake of norepinephrine and expression of cardio-inhibitory receptors were stimulated in the heart of chronically socially isolated animals treated with OT. This could clearly protect the cardiovascular system under conditions of stress when the activity of both the sympathetic and sympathoadrenal systems is activated.

Figure 3 illustrates the hypothetical pathways in the heart that are coupled with OT and the OTR.
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FIGURE 3. Schematic diagram of hypothetical OT signaling pathways targeting the nucleus and mitochondria in the cardiac cells. Multiple mechanisms stimulated by the OTR can contribute to the beneficial effects in cardiac cells. OTR activates GTP-binding proteins of the G alpha q/11 class, which stimulate phospholipase C activity, IP3 generation, and release of calcium from intracellular stores. Changes in calcium stimulate ANP release from cardiac atrial deposits and subsequent activation of particulate guanylyl cyclase and cGMP production. Activation of PI3K signaling pathway is also involved in cardioprotection. This results in phosphorylation and activation of AKT and NOS activation and NO production. NO stimulates soluble guanylyl cyclase also producing cGMP. cGMP has been linked to activate the mitochondrial mKATP channel. Activation of the PI3K/ERK1/2 pathways also leads to phosphorylation and inactivation of GSK. Inhibition of GSK has also been reported to inhibit the mPTP. Activation of the mKATP channels stimulates the inhibitory phosphorylation of GSK-3b and inhibits ROS production. NO also induces protein S-nitrosylation (SNO). SNO of the L-type calcium channel reduces calcium entry and the amount of calcium that enters the mitochondria. This inhibits the effect of calcium on the activation of the mPTP. SNO effects on complex I results in lowered production of ROS. In effect, these beneficial signaling pathways cause reduction in calcium and ROS triggers for mPTP. In addition, cGMP stimulates cGKIα, which interacts with mitochondrial large conductance calcium-activated potassium channel, stimulating potassium influx in mitochondria. This effect may lead closure of the mPTP and cardioprotection. ANP, atrial natriuretic peptide; NO, nitric oxide; OT, oxytocin; OTR, oxytocin receptor; ROS, reactive oxygen species. AC, adenylate cyclase; AMPK, AMP-activated protein kinase; AKT, protein kinase B; ANP, atrial natriuretic peptide; CaM, calmodulin; CaMKK, Ca2+ calmodulin-dependent protein kinase kinase; CaMK, Ca2+/calmodulin-dependent protein kinase; cGKI, cGMP-dependent protein kinase type Iα; cGMP, cyclic guanosine monophosphate (DAG) diacyl glycerol; (EC) endothelial cells; eEF2, elongation factor 2; ERK, extracellular signal-regulated kinases; GATA4, GATA binding protein 4; GSK3β, glycogen synthase kinase 3 beta; IP3, inositol 1,4,5-trisphosphate; JAK, Janus kinase; mBK, mitochondrial BKCa channel; MEK5, mitogen-activated protein kinase kinase 5; mKATP, mitochondrial KATP channels; MnSOD, manganese superoxide dismutase; NFAT, nuclear factor of activated T-cells; NOS, NO synthase; NPR-A, natriuretic peptide receptor A; pGC, particulate guanylyl cyclase; PIP2, phosphatidylinositol 4,5-bisphosphate; PKA, protein kinase A; PKC, protein kinase C; PKG, protein kinase G; PLC, phospholipase C; PI3K, phosphatidyl-3 kinase; mPTP, mitochondrial permeability transition pore; SNO, S-nitrosothiol; STAT3, signal transducer and activator of transcription 3; TKs, receptor tyrosine kinases.


The effects of OT that result in decreases in heart rate and inotropy, and vasodilation are mediated through the ANP-cGMP and NO-cGMP pathways (Gutkowska and Jankowski, 2011). Our study was performed using H9c2 cells initially isolated from ventricular muscle of the BDIX rat (Kimes and Brandt, 1976). However, H9c2 cells do not display pacemaker potentials and the ability to contract and have no proliferative capacity unlike true CMC. Despite these limitations, this cell line expresses CMC signaling pathways (Branco et al., 2015) and serves as an established in vitro model for the study of CMC in cardiac pathologies, including cardiac hypertrophy (Watkins et al., 2011). Studies confirm the characteristics of cardiac-like H9c2 cells in terms of their similarity to adult CMC and rates of mitochondrial respiration as well as relevance and vulnerability under conditions of IR (Botker et al., 2018). Using H9c2 cells exposed to simulated IR, we have investigated the role of OT on cell viability and resistance to apoptosis (Gonzalez-Reyes et al., 2015). Cell viability was preserved by activation of OTRs, whereas in cells expressing low OTR levels from siRNA-mediated knockdown, OT increased cell death under conditions of IR. Using this cell model, we recently demonstrated that OT treatment reduced cell respiration via specific OTRs (unpublished data). This observation is consistent with the findings reported by Boeck et al. (2018), who investigated oxygen consumption by high-resolution respirometry in peripheral blood mononuclear cells from mothers with a history of childhood maltreatment. The patients with high plasma OT levels showed reduced levels of oxygen consumption, whereas high cortisol was associated with enhanced respiration. The authors of this study suggested that high OT levels protected against increases in mitochondrial oxygen consumption, ROS production, and release of proinflammatory cytokines seen with stress and hypoxia. Treatment of infarcted rat hearts with OT resulted in favorable changes, including normalization of ANP mRNA expression in the LV scar area and increased eNOS synthesis. Treatment with OT also had pro-proliferative, anti-apoptotic, and anti-fibrotic effects (Jankowski et al., 2010b). In addition, we have demonstrated a robust effect of OT on glucose uptake in CMC via phosphoinositide-3-kinase (PI3K) and independent of insulin receptor signaling. This effect of OT was further increased in CMC with an uncoupler (2,4-dinitrophenol) of mitochondrial oxidative phosphorylation (Florian et al., 2010). The OTR is a GPCR, an integral membrane protein of the Gq/11α class and signaling activates phospholipase C-β (PLC-β) producing increases in intracellular levels of inositol-3-phosphate (IP3) and diacylglycerol (DAG) generation upon binding of OT. As a result, Ca2+ entry from the extracellular space and release from the sarcoplasmic reticulum are stimulated resulting in dissipation of the mitochondrial electrochemical gradient (Gravina et al., 2011). Activation of protein kinase C (PKC) by DAG signals pro-survival ERK and downstream targets, and intracellular Ca2+ mobilization stimulates the release of ANP from CMC (Schiebinger, 1989). Cardioprotection via phosphoinositide-3-kinases (PI3K)/Akt and NO has been reported with OT (Kobayashi et al., 2009; Florian et al., 2010; Polshekan et al., 2016). Moreover, in a rabbit model of MI, activation of STAT3 and ERK, key molecules that mediate survival signaling, was upregulated in ischemic areas of hearts treated with OT but not in control hearts (Kobayashi et al., 2009). Increased production of NO is beneficial on vascular and myocardial function and is a key molecule in angiogenesis involving vascular endothelial growth factor (VEGF) signaling through PI3K pathway (Papapetropoulos et al., 1997). The calcium-calmodulin kinase kinase and AMP-activated protein kinase (AMPK) pathways are also activated in the presence of OT in the CMC (Florian et al., 2010). Activation of the AMPK pathway is recognized as cardioprotective by reducing the extent of both apoptosis and cell damage after IR (Gelinas et al., 2018).

Signalosomes formed within the CMC represent a mechanism for increasing the specificity and efficiency of signal transduction pathways involved in protection (Penna et al., 2006; Negro et al., 2008). Assembled in caveolae (Cav), these vesicular and multimolecular signaling complexes target the outer mitochondrial membrane and disrupt the activity of mKATP channels, increasing the formation of ROS. This leads to activation of PKC epsilon and inhibition of mPTP in the mitochondria and decreasing myocardial injury (Pagliaro et al., 2018). In this regard, signalosomes by acting via a G-protein-coupled receptor are known to induce cardioprotection under both pre- and postconditioning conditions (Quinlan et al., 2008). It has been demonstrated that OTRs located inside and outside microdomains of caveolae initiate different signaling pathways; and depending on their localization, the OTR can transactivate EGFR and activate ERK1/2 using different signaling intermediates (Guzzi et al., 2002; Rimoldi et al., 2003). We have evidence that OT treatment stimulates the formation of signalosomes in CMC. In CMC, eNOS localizes to Cav-3, allowing eNOS activation by cell surface receptors and cellular surface NO release for intercellular signaling (Feron and Balligand, 2006). Using H9c2 cardiomyoblasts, we have demonstrated that IR increased Cav-3 expression with significant interaction with OT treatment. Further, immunofluorescence microscopy demonstrated that Cav-3 translocation from the cell surface to the cell perinuclear region occurs where mitochondria were concentrated (Gonzalez-Reyes et al., 2015). Co-localization of phosphorylated Akt with mitochondrial proteins and with the phosphorylated (Ser1177) form of eNOS substantiates the involvement of OT in signalosome formation (Gonzalez-Reyes et al., 2015). This effect is inhibited by KT-58235, an inhibitor of PKG (Garlid et al., 2009). Inhibition by this mechanism also blocks the beneficial effects of OT on CMC viability (Gonzalez-Reyes et al., 2015). The above-described mechanisms indicate pleiotropic molecular mechanisms involved in cardioprotection.



OXYTOCIN IN PATHWAYS OF CARDIOPROTECTION

In effect, the high intracellular concentrations of Ca2+ resulting from re-establishment of ionic homeostasis and the production of ROS trigger the opening of the mPTP, a large conductance pore that forms on the mitochondrial membrane. Sustained opening of the mPTP during reperfusion collapses the mitochondrial membrane potential and releases mitochondrial proteins into the cytosol, which in turn activates intracellular pathways that lead to cell death by apoptosis and necrosis (Bernardi and Di Lisa, 2015). During ischemia, the acidosis derived from reduced oxygen delivery prevents cell death by inhibiting the formation of the mPTP, and it is believed that CMC viability and infarct size can be dramatically improved by conditioning strategies (Davidson et al., 2019). Approximately 50% of the infarct size from cell death can be prevented by conditioning strategies. For these purposes, the preventative role of OT treatment on IR injury warrants further investigation. We and others have provided evidence that OTR-mediated signaling involves ANP-cGMP and NO-cGMP pathways in the cardiovascular system, which are associated with regulation of cardiac function and vascular tone (Gutkowska and Jankowski, 2012; Gutkowska et al., 2014). Stimulation of these pathways with OT reduces the force and rate of contraction (Mukaddam-Daher et al., 2001), promotes vasodilation (Jankowski et al., 2000), and provides protection against MI in rats preconditioned with OT (Jankowski et al., 2010b; Ondrejcakova et al., 2012). However, Polshekan et al. (2016) have demonstrated by using the isolated perfused rat heart model that OT exhibits anti-ischemic effects when acutely administered at the onset of reperfusion. Similarly, we also demonstrated this protective effect using H9c2 cells exposed to experimental IR in the presence of OT with optical effects of OT observed at the onset of reperfusion (Gonzalez-Reyes et al., 2015). Therefore, it suggested that cardioprotection from OT has predominantly postconditioning effects by activation of the Reperfusion injury salvage kinase (RISK) pathway, which consists of a combination of two parallel cascades. These include the PI3K-Akt and MEK1-ERK1/2 pathways and their purported signal convergence through activation of cGMP-dependent protein kinase (PKG) and PKCε, preventing prolonged mPTP opening (Rossello and Yellon, 2018). More recently, Polshekan et al. (2019) reported inhibition of experimental infarct after administration of OT in isolated perfused male rat hearts at the early phase of reperfusion through activation of the Janus kinase (JAK)/signal transducer and signal transducer and activator of transcription protein 3 (STAT3) signaling pathway and NO release. This pathway, termed survivor activating factor enhancement (SAFE), is linked with the activation during preconditioning (Rossello and Yellon, 2018). In our study, we demonstrated the action of OT occurring with the third signaling cascade based on the PKG and involving NO and/or ANP release (Jankowski et al., 2010b), which has been also proposed to mediate cardioprotection (Cohen and Downey, 2007). The degree of crosstalk between these protective pathways induced by OT is presently unclear, but it is possible that they ultimately protect mitochondrial function (Heusch et al., 2008). Pharmacotherapy directed to these pathways may represent an attractive alternative to ischemic conditioning (Gross and Gross, 2006). The negative inotropic effect triggered by OT preconditioning was linked to myocardial protection against infarction (Ondrejcakova et al., 2009). On a molecular level, OT treatment can modify numerous paracrine factors released by CMC and other cardiac cells under ischemic conditions, leading to functional benefits on the heart (Noiseux et al., 2012). In fact, OT preconditioning increases the synthesis of HSP27, HSP32, HSP70, and VEGF in heart collectively favoring angiogenic, anti-apoptotic, and anti-remodeling mechanisms (Noiseux et al., 2012). Moghimian et al. (2014) observed a four to fivefold increase in cardiac expression of Hsp27 from stress induction and intracerebroventricular infusion of OT in the isolated perfused rat heart. As reviewed by Penna et al. (2018), HSP27 and HSP70 are molecular chaperones produced by the CMC under stress. These chaperones, in particular HSP70, are translocated into mitochondria where their proteins regulate cell differentiation and survival (Penna et al., 2018). Depending on the inflammatory response, HSP70 either initiates proinflammatory signals or modulates specific anti-inflammatory pathways, reducing apoptotis (Joly et al., 2010). Both HSP27 and HSP70 are elevated in the skeletal and cardiac muscles after exercise training (Kruger et al., 1985; Penna et al., 2018), a potent stimulus of OT system in these organs (Gutkowska et al., 2007). With exercise training, expression of these stress proteins occurs simultaneously with the synthesis of expression antioxidants, providing homeostatic adaptations to training (Penna et al., 2018). It is especially important that both HSP70 and HSP27 induce cardioprotection against irreversible injury associated with IR and that HSP27 is induced in the rat heart by intracerebroventricular injection of OT (Moghimian et al., 2014). In summary, there are numerous mediators playing a role in OT-mediated heart protection.



EFFECTS OF OXYTOCIN ON MITOCHONDRIAL FUNCTION

Do the aforementioned mechanisms explain the effects of OT on mitochondria? Mitochondrial dysfunction plays a critical role in many cardiac pathologies including IR, resulting in ventricular systolic dysfunction and compensatory cardiac hypertrophy (Pagliaro et al., 2018). Disturbances in both function and structure of mitochondria can lead to irreversible injury during IR. During reperfusion, rapid removal of intracellular protons coupled with a sudden and dramatic increase in Ca2+ entry into the CMC leading to subsequent Ca2+ overload in the mitochondria results in cell damage, decreased cell viability, and decreased contractile function (Botker et al., 2018). It is proposed that cardioprotective signaling pathways target mitochondria, and as a consequence, various mitochondrial proteins are post-transitionally modified with both pre- and postconditioning (Heusch, 2017; Pagliaro et al., 2018). In this context, several studies postulate the presence of different beneficial signal transduction pathways that converge on mitochondria, thus reserving function relating to mKATP channels, the mPTP function, connexin 43, and the large conductance calcium-activated potassium channel (mitoBKCa) (Botker et al., 2018; Pagliaro et al., 2018; Penna et al., 2020a).

The OTR with pAkt is translocated from the cell surface to central structures when cells are treated with OT (Klein et al., 2011), suggesting the importance of intercellular communication mechanisms and molecular trafficking in OT signal transduction. Correspondingly, IR studies using isolated rat hearts suggest that the beneficial OT effects are inhibited by the mitochondrial ATP-dependent potassium channel (Alizadeh et al., 2010). Mitochondria are essential in regulating survival pathways and cell death; and because of this role, the protective effect of OT is likely associated with reduced injury to the mitochondria. Therefore, we believe that that OT mediates protection of mitochondrial function in conditions of hypoxia and oxidative stress by G-protein-coupled receptor/ANP/NO signaling and stimulating specific paracrine factors that will approve cell proliferation and prevent cell death (Gutkowska et al., 2000; Florian et al., 2010; Jankowski et al., 2010b; Noiseux et al., 2012; Gonzalez-Reyes et al., 2015).

While direct evidence connecting OT to mitochondrial function is limited, some recent data suggest that there is a direct link. The modulation of electron transport is recognized as a mechanism associated with cardiac mitochondrial protection, which reduces myocardial injury during ischemia and early reperfusion (Pagliaro et al., 2018). Consistent with this effect, Gravina et al. (2011) demonstrated that OT depolarizes the mitochondrial membrane potential in isolated myometrial cells. By depolarizing the membrane potential of these cells, activity of the mitochondrial membrane ATP synthase was increased from the initial rise in the intracellular concentration of Ca2+ (Gravina et al., 2011). In order to induce cardioprotection by postconditioning in isolated perfused rat hearts, signaling through mKATP activation and a redox-sensitive mechanism is required (Penna et al., 2006; Pagliaro et al., 2018). Correspondingly, Alizadeh et al. (2010) demonstrated that the beneficial effects of OT on myocardial injury in the ischemic reperfused rat heart were reduced by 5-hydroxydecanoate, an inhibitor of the mitoKATP channel, and atractyloside, an opener of the mPTP (Alizadeh et al., 2012). As recently reported, cardiac mitochondria express mitoBKCa and cGMP-dependent protein kinase Iα (cGKIα) (Frankenreiter et al., 2018). Upon activation via NO or ANP pathways, phosphorylation of cGKI leads to increased opening of the mitoBKCa channels. This provides evidence to suggest that this mechanism is linked with the capacity of mitochondria to tolerate Ca2+ loading and the closure of the mPTP and to induce cardioprotection (Hoffmann and Spengler, 2018).

We found that treatment of the D3 stem cell line with OT resulted in an increase in connexin 43 protein (Gassanov et al., 2008), and recent observations suggest a beneficial role of mitochondrial connexin 43 in postconditioning-induced ROS signaling, although the precise function is not clear (Pagliaro et al., 2018). Further evidence linking OT to mitochondrial function stems from our previous study showing that OT treatment is protective against cell death and mitochondrial dysfunction, expressed as succinate dehydrogenase activity (MTT assay), and provided protection against ROS in H9c2 cells subjected to simulated IR (Gonzalez-Reyes et al., 2015). We have also reported the paradoxical effect of OT on ROS production during ischemia; OT either stimulates the production of moderate levels of ROS or inhibits the production of ROS (Gonzalez-Reyes et al., 2015). In fact, some ROS-induced signals play important physiological roles as intracellular mediators of vasodilatation, cell growth, and angiogenesis (Tullio et al., 2013) with earlier evidence indicating the involvement of OT in these effects (Gutkowska and Jankowski, 2012). Indeed, moderate levels of ROS function as signaling molecules involved in protection of CMC. Under these conditions, ROS activate Pi3K/Akt within and outside the mitochondria (Penna et al., 2020a). ERK1/2, MAPK p38, and/or JAK/STAT pro-survival signaling cascades are also activated with moderate levels of ROS (Davidson et al., 2019). We recently observed that OT preconditioning of cardiac cells decreased oxidative and apoptotic activity in doxorubicin (Dox)-induced toxicity in H9c2 cells (unpublished data). With the use of formazan production for the measurement of cell viability and metabolic activity, the effect of OT was investigated in conditions of cytotoxicity induced by Dox in H9c2 cells as well as in the absence of Dox treatment. Preconditioning with OT (at the concentrations of 62.5 and 1,000 nM) for a period of only 30 min prior to the administration of Dox improved viability of H9c2 cells. Dox is commonly used for chemotherapy, but its use is limited due to myocardial damage and disrupted mitochondrial function, leading to excessive production of superoxide radicals (Wallace, 2003). Interestingly, myocardial injury due to Dox toxicity is associated with activation of the NLRP3 inflammasome (Marchetti et al., 2015), which suggests that Dox-induced cardiotoxicity can be reduced with an NLRP3 inflammasome inhibition. The effects of OT treatment on Akt phosphorylation and translocation into mitochondria in CMC are consistent with the benefits of reduced oxidative stress and toxicity from Dox (Fan et al., 2008; Gonzalez-Reyes et al., 2015). A recent report indicated that the improvement in cardiac function following OT treatment was associated with decreased oxidative stress, apoptosis, and inflammation in a rat model of doxorubicin-induced cardiomyopathy (Taskiran et al., 2019). Similarly, Kaneko et al. (2016) reported that pretreatment with OT increased cell viability and decreased mitochondrial damage in rat neural cells exposed to oxygen-glucose deprivation IR. Xu et al. (2017) reported that a beneficial effect of OT is related to increase of superoxide dismutase in skin cells, the antioxidant enzyme, which catalyzes the conversion of superoxide to the harmless components of oxygen. Further studies are required to better clarify molecular mechanism OT involvement in mitochondrial survival and function.



EFFECTS OF OXYTOCIN ON CARDIOMYOCYTE HYPERTROPHY

Hypertrophic growth of the heart predisposes to multiple cardiovascular and cerebrovascular events. This abnormal growth of the CMC in response to hemodynamic stress is mediated by growth factors and cytokines acting via specific G protein isoforms, low-molecular-weight GTPases, mitogen-activated protein kinases, and PKC. We have reported that chronic OT treatment in various diseased animal models, including MI (Jankowski et al., 2010b), ovariectomy (Jankowski et al., 2010b), and diabetic cardiomyopathy (Plante et al., 2015), significantly reduced the development of CMC hypertrophy. The significant increase in CMC volume resulting from infarction in rats was reduced by OT treatment, and we hypothesized that this effect could be mediated by the accumulation of ANP in CMC (Menaouar et al., 2014). Recently, Jovanovic et al. (2019) reported that OT treatment decreased the heart/body weight ratio and prevented the hypertrophy of CMC in the wall of the LV of rats subjected to social isolation. The authors suggested that the beneficial effects of OT were associated with enhanced expression of β3-adrenoceptors and muscarinic M2 receptors in the heart. The mechanism of this anti-hypertrophic action is unknown because stimulation of muscarinic M2 receptors is known to stimulate (Kim H.Y. et al., 2013) ANP release, whereas activation of β3-adrenoceptors prevents ANP release from the heart (Luchner and Schunkert, 2004).

One of the major pathways in the pathological hypertrophic response to increased growth factor expression is the calcineurin-NFAT (nuclear factor of activated T cells) pathway. We have reported that OT regulates this pathway in CMC hypertrophy induced by ET-1 and Ang-II. In physiological concentrations (∼10 nM), OT prevented hypertrophy in newborn and adult rat CMC by several mediators, including PI3K/ERK1/2/ANP-cGMP/NFAT signaling (Menaouar et al., 2014). In this study, we demonstrated that OT stimulated the production of ANP in CMC independently of cell hypertrophy. Secondly, OT supplementation to CMC cultures stimulated the production of cGMP in cells by mechanisms involving soluble and particulate guanylyl cyclases. In effect, OT-preconditioned CMC were resistant to the hypertrophic stimulus of ET-1 (Menaouar et al., 2014). Signaling via particulate guanylate cyclase receptors (NPR-A/NPR-B) and cGMP by NP production is a well-known mechanism that inhibits pathological hypertrophy (Oliver et al., 1997). Our work is consistent with the observations that stimulation of cGMP-PKG I blocks pathological hypertrophy by inhibiting the NFAT pathway (Fiedler et al., 2002). This mechanism was ineffective in insulin-induced hypertrophy of CMC. These observations indicate that OT specifically counteracts pathological heart hypertrophy.



CONCLUSION

In summary, OT is produced in the cardiovascular system and is critical in the regulation of cardiac and vascular function during early development and adulthood. The major actions of OT include regulation of chronotropy and inotropy of the heart as well as vascular tone of cardiac resistance vessels. OT is also involved in blood pressure and body volume regulation via the cardiac–renal axis and the release of ANP and NO. In addition to cardiovascular regulation and protection, OT exerts robust anti-oxidative and anti-inflammatory effects in CMC. In cells, OT targets mitochondria, promoting glucose uptake and reducing the effects of ROS upon reperfusion.

Animal studies indicate that OT is not only a cardiovascular protective peptide but also critical for cardiovascular homeostasis and in the reduction in the severity of cardiovascular pathologies. The significance of OT in cardioprotective signaling warrants further study.
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This brief report reviews findings from a longitudinal study of skin-to-skin contact (SSC) with mothers and full-term infants and a follow-up study of these dyads when the children were 9 years. Findings infer the positive influence of SSC on mother–child interactions in infancy and into children’s middle childhood. Mothers and infants in SSC and control groups were seen when infants were 1 week, 1 month, 2 months, and 3 months. SSC group mothers reported fewer depressive symptoms in infants’ early weeks and had a greater reduction in salivary cortisol, a physiological stress indicator, in infants’ first month (Bigelow et al., 2012). SSC group mothers who initially chose to breastfeed continued to breastfeed their infants throughout the 3 months, whereas breastfeeding mothers in the control group declined over the visits (Bigelow et al., 2014). When engaged in the Still Face Task with their mothers, SSC group infants showed the still face effect with their affect at 1 month, a month before the control group infants did so (Bigelow and Power, 2012). At 3 months, SSC group infants were social bidding to their mothers during the still face phase. When the children were 9 years, the mother–child dyads engaged in conversations about the children’s remembered emotional events (Bigelow et al., 2018). Mother–child dyads who had been in the SSC group showed more engagement and reciprocity in the conversations than mother–child dyads who had been in the control group. Oxytocin, which is induced by SSC, is hypothesized to be an underlying factor that helped the mother–infant relationship have a positive trajectory with long-term benefits.

Keywords: mother–infant skin-to-skin contact, postpartum depressive symptoms, breastfeeding, infants’ self-agency, mother–child emotional communication, mother–child short‐ and long-term relations


INTRODUCTION

This brief report reviews findings from one of the few mother–infant skin-to-skin contact (SSC) studies involving full-term infants that follows mother–infant dyads beyond the immediate post-birth period (Bigelow and Power, 2012; Bigelow et al., 2012, 2014). When the children were 9 years, these dyads participated in the only long-term SSC follow-up study with children born full-term (Bigelow et al., 2018). Findings indicate the facilitating association of SSC to the mother–child relationship in infancy and its sustaining association into children’s middle childhood. Oxytocin, which is released in SSC, is hypothesized to mediate the effects associated with SSC in infancy and beyond.



INFANCY STUDY


Introduction

In SSC, the baby, dressed only in a diaper, is placed on the mother’s bare chest so that frontal body contact is skin-to-skin. SSC stimulates oxytocin release in mother and infant (Uvnäs-Moberg et al., 2015). Oxytocin, a hormone and neuropeptide, is associated with calmness, bonding, and stress reduction. The full-body contact and sound of the mother’s heartbeat are thought to simulate sensations that the infant experienced prenatally, thereby further reducing stress (Whitelaw and Sleath, 1985).

SSC has many benefits to infants’ post-birth neuro-physical adjustments. Previous studies show that newborns, whether premature or full-term, who have SSC with their mothers have better and more stable physiological functioning than newborns who do not have SSC. SSC is associated with the regulation of newborns’ temperature, heart rate, respiration, and gastrointestinal adaptation (Charpak et al., 1997; Fohe et al., 2000; Bystrova et al., 2003; Bergman et al., 2004; Ludington-Hoe et al., 2006; Moore et al., 2016). Infants who have SSC sleep better (Messmer et al., 1997; Feldman and Eidelman, 2003), cry less (Christensson et al., 1992; Michelsson et al., 1996), and have less pain reaction to routine hospital procedures (Gray et al., 2000; Cong et al., 2012).

The associations of SSC with newborns’ physiological adjustments are well-documented; however, the influence of SSC on the mother, the infant after the newborn period, and the developing mother–infant relationship is less researched. The infancy study followed mothers and their full-term infants over the infants’ first 3 months, examining the associations of SSC during the infants’ first month with maternal depressive symptoms and physiological stress, mothers’ maintenance of breastfeeding, and infants’ responsiveness to their mothers.

The postpartum period increases women’s depression risk and can elevate physiological stress. Studies show that within 6 weeks after delivery, 20% to 40% of mothers report depressive symptoms (Morris-Rush et al., 2003; McCoy et al., 2006).

Maternal depression affects infants as well as mothers. Depression can cause disturbances in maternal behaviors. Depressed mothers show less sensitivity and responsiveness with their infants. They have reduced engagement and playfulness and more irritability in their maternal interactions (Lovejoy et al., 2000; Field, 2010). In contrast, nondepressed mothers typically are socially responsive to infants. In naturally occurring interactions with young infants, nondepressed mothers tend to imitate infants’ actions, mirroring them in a slightly exaggerated manner (Gergely and Watson, 1996, 1999). Such maternal responsiveness facilitates infants’ developing self-awareness that their behavior has predictable reactions in others (Neisser, 1991). Depressed mothers’ reduced responsive behavior hinders infants’ ability to sense their effect on others, putting them at risk for difficulties in cognitive and social-emotional developments (Bigelow, 1999).

Ample evidence indicates breastfeeding is the optimal source of nourishment for young infants (e.g., World Health Organization, 2004). However, many mothers who begin as breastfeeding mothers do not remain so even through their infants’ early weeks. Most mothers terminating breastfeeding before 6 months do so in the infants’ first month (Millar and Maclean, 2005).

Infants’ responsiveness to others develops through early infancy and reflects their experience with their mothers (Bigelow and Rochat, 2006). The Still Face Task assesses infants’ responsiveness to maternal behavior. In this task, initially developed by Tronick et al. (1978), mothers and infants sit facing each other, and there are three sequential phases: initial interactive phase (mother engages the infant normally); still face phase (mother looks at the infant with a neutral expression and does not talk or touch the infant); and reunion phase (mother engages the infant normally again). If the infant has developed expectations for the mother’s behavior, the still face phase should violate these expectations, and the infant should react differently to the still face phase than to the interactive phases. From about 2 months of age through the first year, infants demonstrate the still face effect: they reduce their attention and/or positive affect in the still face phase compared with the interactive phases (Adamson and Frick, 2003; Mesman et al., 2009).

SSC was hypothesized to be associated with reduced maternal depressive symptoms and physiological stress, mothers’ maintenance of the decision to breastfeed, and acceleration of infants’ responsiveness in the Still Face Task.



Method

Ninety mother–infant dyads participated in this quasi-experiment. Mothers were recruited before their infants’ birth from perinatal clinics at two hospitals in northeastern Canada, neither of which had SSC as standard care at the time of the study. The clinics distributed a brief written description of the study. Mothers who expressed interest in participating were contacted; the study was explained in more detail, and mothers who were still interested signed consent forms. Hospitals were designated as either the SSC or the control group site. Mid-way through the study, the designations were switched; the SSC site became the control site and vice versa. The switch of recruitment sites did not affect the amount of SSC provided in the SSC or control groups. The demographics of the mothers and infants did not differ between the two sites.

SSC group mothers were requested to provide SSC with their infants for 6 h cumulative throughout the day through the infants’ first week, then 2 h a day until the infants were 1 month. Control group mothers received no request to provide SSC. SSC was described to all mothers; mothers in both groups kept daily records of the amount of SSC they provided.

Home visits occurred when infants were 1 week, 1 month, 2 months, and 3 months. On each visit, (1) mothers completed the Edinburgh Postnatal Depression Scale (Cox et al., 1987; Cox and Holden, 2003); (2) mothers were asked their method of infant feeding: exclusive breastfeeding (breastmilk only), partial breastfeeding (breastmilk + formula/other foods), or not breastfed (formula/other foods only); (3) maternal interactions were assessed during infant feeding, either breastfeeding or bottle-feeding, with the Nursing Child Assessment Feeding Scale (NCAFS; Summer and Spietz, 1994) Caregiver subscale that assesses mothers’ ability to adapt and modify their behavior in response to their infants, which reflects the mother–infant relationship; and (4) a mother–infant Still Face Task was conducted: initial interactive phase (3 min), still face phase (1 min), and reunion phase (2 min); videotapes of the task were coded, by coders blind to the infants’ grouping, for visual attention to the mother and two measures of positive affect: smiles and non-distress vocalizations. In the 1-week and 1-month visits, saliva samples were taken from the mothers and assayed for cortisol, a physiological indicator of stress.



Results


Table 1 shows the demographics of the mothers and infants in the SSC and control groups and the SSC mothers provided in the infants’ first week and weeks 2 through 4. SSC group mothers provided slightly less SSC than the 6 h requested in the infants’ first week but more than the 2 h requested in weeks 2 through 4, whereas control group mothers provided minimal SSC throughout the infants’ first month.



TABLE 1. Demographics of the mothers and infants in the skin-to-skin contact (SSC) and control groups and SSC hours/day provided in the infants’ first week and weeks 2 through 4.
[image: Table1]


Effects of Skin-to-Skin Contact on Maternal Depressive Symptoms and Physiological Stress (Depression Scores and Salivary Cortisol Levels)

SSC group mothers had lower depression scores (M = 4.19, SD = 3.32) than control group mothers (M = 6.90, SD = 4.83) on the 1-week visit, F(1, 88) = 7.755, p = 0.007, and marginally so, on the 1-month visit, F(1, 80) = 3.195, p = 0.078 (SSC, M = 3.00, SD = 3.13; control, M = 4.78, SD = 4.75; Bigelow et al., 2012).

Mothers’ salivary cortisol in SSC and control groups did not differ at the 1-week or 1-month visits. However, difference scores (salivary cortisol at 1 week minus salivary cortisol at 1 month) showed that SSC group mothers had a greater reduction in salivary cortisol than control group mothers, F(1, 75) = 4.172, p = 0.045 (Bigelow et al., 2012).



Effect of Skin-to-Skin Contact on Infant Feeding and Maternal Interactions (Duration of Breastfeeding and Nursing Child Assessment Feeding Scale Caregiver Subscale Scores)

SSC and control group mothers did not differ on their choice to breastfeed, either exclusively or partially, when their infants were 1 week. All the SSC group mothers who began the study as breastfeeding mothers, either exclusively or partially, continued to breastfeed their infants through the 3-month course of the study (Cochran’s Q-test, p = 1.00), whereas breastfeeding mothers in the control group declined over the visits (Cochran’s Q-test, p < 0.001; Bigelow et al., 2014; see Figure 1).

[image: Figure 1]

FIGURE 1. Percentage of infants reported to be exclusively breastfeeding, partially breastfeeding, and not breastfeeding in the SSC and control groups on each of the visits. Reprinted from Bigelow et al. (2014, p. 57). Copyright © 2013 Michigan Association for Infant Mental Health (MAIMH), published by Wiley Periodicals, Inc. Used with permission.


Breastfeeding mothers had higher scores on the NCAFS Caregiver subscale, indicating more sensitivity to their infants, when infants were 2 months, F(1, 67) = 5.316, p = 0.024, and 3 months, F(1, 69) = 6.640, p = 0.012, than non-breastfeeding mothers (Bigelow et al., 2014). Mothers’ scores did not differ in SSC and control groups.



Effect of Skin-to-Skin Contact on Infants’ Responsiveness (Still Face Task)

Mixed analyses of variance, accompanied by trend analyses, were conducted at each infant age for visual attention, smiles, and non-distress vocalizations (Bigelow and Power, 2012).

At 1 week, infants in both groups showed less attention in the still face phase than in the interactive phases, as indicated by the main effect for phase, F(2, 150) = 4.764, with no interaction.

Differences in affect responses between the groups appeared at 1 month. A group × phase interaction for non-distress vocalizations, F(2, 152) = 3.854, p = 0.023, found that only SSC group infants showed the still face effect (see Figure 2).

[image: Figure 2]

FIGURE 2. Infants’ non-distress vocalizations in the SSC and control groups during each phase of the Still Face Task at the 1-month visit. Vertical bars represent standard errors. Adapted from Bigelow and Power (2012, p. 245). Copyright © 2012, with permission from Elsevier.


By 2 months, infants in both groups showed the still face effect with smiling via a main effect for phase, F(2, 146) = 19.983, p < 0.001, with no interaction.

At 3 months, a quadradic trend group × phase interaction in non-distressed vocalizations, F(1, 70) = 5.273, p = 0.025, revealed that control group infants showed the usual still face effect, but SSC group infants showed the opposite reaction, which is indicative of social bidding to their unresponsive mothers (see Figure 3).

[image: Figure 3]

FIGURE 3. Infants’ non-distress vocalizations in the SSC and control groups during each phase of the Still Face Task at the 3-month visit. Vertical bars represent standard errors. Adapted from Bigelow and Power (2012, p. 247). Copyright © 2012, with permission from Elsevier.





Discussion

Mothers undergo many transitions in their infants’ first week (Christie et al., 2008). There are physical and hormonal adjustments to being nonpregnant. Mothers who are breastfeeding are also adapting to lactation. Newborn care necessitates many behavioral changes for the mother. First-time mothers are adjusting to motherhood, and the whole family is making accommodations for the newborn. Thus, numerous emotional demands on mothers are concentrated in infants’ early weeks. However, SSC group mothers had fewer depressive symptoms and greater reduction of stress during this time.

Feeding is the context in which the mother–infant relationship is first established. None of the SSC group mothers who began the study as breastfeeding mothers terminated breastfeeding in the course of the study, whereas the percentage of control group breastfeeding mothers declined over the visits. SSC helped mothers maintain their decision to breastfeed, at least through the first 3 months, which is predictive of breastfeeding beyond 3 months.

Mothers’ scores on the NCAFS Caregiver subscale were similar in the SSC and control groups, possibly because the NCAFS is scored on dichotomous variables rather than by frequency or duration of behaviors (Chiu and Anderson, 2009). Nevertheless, SSC was associated with breastfeeding, which in turn was related to enhanced maternal interactions. Breastfeeding, like SSC, releases oxytocin in both mother and infant (Uvnäs-Moberg et al., 2005). Behaviorally, breastfeeding heightens the mutual gaze between mother and infant (Lavelli and Poli, 1998) and enhances maternal touch (Dunn and Richards, 1977). These increased maternal behaviors facilitate infants’ ability to associate their own actions with those of their mothers. This growing self-awareness contributes to infants’ emotional responsiveness to their mothers (Bigelow, 1999).

Infants are sensitive to changes in maternal social behavior even as newborns. Both groups of infants demonstrated this with their attention during the Still Face Task. Few previous studies have conducted the Still Face Task with newborns; however, the studies find that these very young infants show less attention to the still face phase compared with the initial interactive phase (Ellsworth, 1987, cited in Muir and Hains, 1993; Bertin and Striano, 2006; Nagy, 2008).

Young infants’ changes in attention and affect during face-to-face interactions may indicate different understandings (Legerstee and Varghese, 2001; Nadel et al., 2005). Changes in attention during the Still Face Task demonstrate awareness of shifts in the partner’s behavior, whereas changes in affect suggest that infants are reacting to violations of their expectations for emotional sharing.

SSC group infants, but not control group infants, showed affect changes to the Still Face Task at 1 month with non-distress vocalizations. Although smiling is the most commonly used indicator of infants’ positive affect, non-distress vocalizations communicate infants’ interest and readiness to engage and are the main signals that prompt maternal interaction (Papousek, 1989; Hsu and Fogel, 2001; Van Egeren et al., 2001).

By 2 months, both groups of infants began showing the still face effect with their smiling. At this age, infants typically start reacting to the Still Face Task with their affect.

At 3 months, SSC group infants were social bidding to their mothers during the still face phase. Social bids are infrequent before 6 months of age, and if they occur, they are typically short-lived attempts at the start of the still face phase (Tronick et al., 1982; Moore et al., 2001). However, at 3 months, SSC group infants were actively trying to reengage their unresponsive mothers. Such behavior suggests that these infants were aware of themselves as effective instigators of social interaction.




ROLE OF OXYTOCIN

Oxytocin, a hormone and neurotransmitter, plays a major role in the developing mother–infant relationship (Uvnäs-Moberg et al., 2005). Oxytocin is produced in the hypothalamus and released into blood circulation and into the brain to induce coordinated responses. Oxytocin reduces stress by decreasing activity in the hypothalamic–pituitary–adrenal axis, thus reducing cortisol levels. Autonomic nervous system activity shifts toward the parasympathetic from the sympathetic part of the system, inducing calmness. When administered externally, oxytocin facilitates positive social interaction and stress reduction (Jonas et al., 2008; Velandia, 2012). Similar reactions are promoted by gentle stimulations of sensory nerves, particularly in the chest area, that activate oxytocin release (Uvnäs-Moberg and Prime, 2013). Oxytocin is increased by touch, gentle pressure, and warmth during SSC, as well as breastfeeding. In SSC, increases in oxytocin in one member of the dyad influences increases in the other, and their responses become synchronized, facilitating social connectedness (Uvnäs-Moberg et al., 2015). The pattern of effects associated with SSC suggests that they are mediated by oxytocin.

For infants, much of the physiological responses to SSC shortly after birth, such as stabilization of temperature, heart rate, respiration, and gastrointestinal functioning (Charpak et al., 1997; Fohe et al., 2000; Bystrova et al., 2003; Bergman et al., 2004; Ludington-Hoe et al., 2006; Moore et al., 2016), are due primarily to oxytocin. The anti-stress effects of oxytocin are also important (Uvnäs-Moberg et al., 2015). Being born is stressful. Although stress during birth is beneficial to the infant, heightened stress post-birth is detrimental. The stress-reducing function of oxytocin when newborns are in SSC calms infants; they cry less and have reduced reaction to pain-inducing procedures (Christensson et al., 1992; Michelsson et al., 1996; Gray et al., 2000; Cong et al., 2012). Oxytocin, induced by SSC, also primes infants for breastfeeding (Uvnäs-Moberg and Prime, 2013).

In mothers, oxytocin bolsters positive mood states and enhances maternal behaviors (Carter, 1998; Uvnäs-Moberg, 2003; Uvnäs-Moberg et al., 2015). Mothers’ oxytocin increases in SSC, which facilitates maternal engagement and reduction of depressive symptoms and stress. Breastfeeding also increases mothers’ oxytocin, inducing milk release from the mammary glands and likely strengthening the effects of SSC (Uvnäs-Moberg and Prime, 2013).

Mothers’ affectionate gaze, touch, and facial and vocal expressions are influenced by underlying physiological processes as well as psychological and social factors that affect infants’ responsiveness to their mothers. The close body contact between mother and infant in SSC promotes mothers’ recognition of, and familiarization with, infants’ emotional cues, and infants’ attentiveness to their mothers’ social overtures. Mothers who are sensitive to infants’ affect cues have more frequent positive interactions with their infants and have infants who are more engaged with their mothers (Legerstee and Varghese, 2001). Maternal sensitive behaviors predict infants’ responsiveness and social bids during the Still Face Task (Tronick et al., 1982; Braungart-Rieker et al., 2001; Mcquaid et al., 2009). The development of the mother–infant relationship is a psycho-biological process in which oxytocin enhances the sensitivity of mother and infant to each other.



FOLLOW-UP STUDY 9 YEARS LATER


Introduction

Short-term SSC follow-up studies show continued positive associations to the mother–infant relationship. SSC provided in the infant’s first hour, an early sensitive period, is associated with increased social interaction and stress reduction in mothers and full-term infants a year later (De Chateau and Wiberg, 1984; Bystrova et al., 2009). Kangaroo Care studies (includes SSC, exclusive breastfeeding, and early hospital discharge) with preterm infants show increases in maternal sensitivity and infant competencies months after SSC ends (Feldman et al., 2002; Ohgi et al., 2002; Bigelow et al., 2010). These findings suggest there are sustaining benefits of SSC beyond early infancy.

However, long-term follow-up studies of SSC are rare. Only three such studies are published (Feldman et al., 2014; Charpak et al., 2017; Bigelow et al., 2018), two of which followed infants born premature. Charpak et al. (2017) followed premature infants with prior Kangaroo Care and matched controls for 20 years. Although the researchers did not specifically assess the mother–child relationship, they speculated that the better social functioning of participants with prior Kangaroo Care was due to their mothers’ increased sensitivity and support. Feldman et al. (2014) followed mothers and their premature infants who had been in SSC and control groups for 10 years. They found that children who had been in the SSC group had better cognitive development, better autonomic nervous system functioning, and mother–child interactions were more reciprocal. Prematurity presents risks to infants’ development. Interventions that stabilize preterm infants in early infancy can have long-term physical and cognitive benefits, which, in themselves, may enhance the mother–child relationship.

A follow-up study of mother–child dyads with children born full-term provides a more conservative test of the long-term association of SSC to the mother–child relationship. When children who had been in the infancy study were 9 years, they and their mothers participated in a study that investigated whether the positive trajectory begun in infancy was evident in the children’s middle childhood (Bigelow et al., 2018). The follow-up study assessed how mother–child conversations about remembered emotional events in the children’s lives assist children to explore and reflect upon their emotional experiences.

Children learn about themselves and others in the context of mother–child interactions. Emotion infuses these interactions from early infancy and throughout childhood (Vygotsky, 1978; Schore, 2001). Mothers are the primary regulators of interactions with their infants by their responses to infants’ nonverbal emotional behaviors (Tronick, 2007). SSC is associated with maternal sensitivity to these behaviors and the promotion of infants’ social engagement with their mothers (Feldman et al., 2002; Bigelow and Power, 2012). As children mature, develop language, and advance in cognitive skills, their nonverbal exchanges with their mothers become conversations in which they play an active role. Nevertheless, mothers tend to guide and structure the conversations (Kuebli et al., 1995). Through the way mothers communicate about emotions, children realize that some emotions are acceptable to explore in detail while others are to be minimized (Oppenheim et al., 2007). Mother–child discussions, especially about children’s experiences, influence how children process their emotional life as well as others’ emotional reactions (Dunn et al., 1991; Laible and Thompson, 1998). By assisting children to form open and regulated dialogs about emotion, mothers enable children to acquire a sense of self as understood and accepted (Bretherton and Munholland, 1999; Thompson, 2000; Walters and Cummings, 2000; Koren-Karie et al., 2008).



Method

Participants were 45 mother–child dyads who had participated in the SSC infancy study. The attrition rate, due to difficulties locating dyads in the original study, did not differ between the SSC and control groups. Dyads who returned for the follow-up study did not differ from dyads who did not return on children’s sex, racial–ethnic parentage, position in the family, or socio-economic status (SES) at children’s birth. However, returning mothers were older and more educated at the children’s birth than mothers who did not return (Bigelow et al., 2018).

The study utilized the Autobiographical Emotional Events Dialogue (Koren-Karie et al., 2003), in which mother–child dyads discuss remembered events when the child felt happy, sad, scared, and mad. Coders, blind to the dyads’ grouping in infancy, coded the videotaped conversations on seven maternal scales that form a Maternal Sensitive Guidance score capturing the mother’s overall guidance and support of her child in the conversations and seven child scales that form a Child Cooperation and Exploration score assessing the child’s elaborations and willingness to talk about the remembered events.



Results

Mother–child dyads who had been in the SSC group had higher Maternal Sensitive Guidance scores, F(1, 38) = 5.776, p = 0.021, and Child Cooperation and Exploration scores, F(1, 38) = 5.339, p = 0.026, than mother–child dyads who had been in the control group (Bigelow et al., 2018). SSC group dyads had more reciprocal exchanges that were open and accepting of the partner’s perspective. Maternal Sensitive Guidance scores mediated the effect of SSC on Child Cooperation and Exploration scores, indicating the influence of SSC on children’s elaboration and willingness to talk about past emotional events in their lives was primarily through the influence SSC had on mothers’ guidance and support as they engaged their children in the conversations.



Discussion

Reciprocity in mother–child interactions may be a long-term benefit of SSC applicable to children born premature or full-term, for it is a salient theme found in the 10-year follow-up study of Feldman et al. (2014) with children born premature and in the 9-year follow-up study with children born full-term (Bigelow et al., 2018). Mother–child reciprocity begins in infancy and shows stability within mother–child dyads from childhood to adolescence (Feldman, 2010; Feldman et al., 2013). Reciprocal mother–child dialogs assist children to reflect upon their own understandings as well as on the perspectives of others. Children in middle childhood can be active collaborative partners in conversations concerning emotions they have experienced (Reese et al., 1993). However, the influence of SSC on children’s willingness to engage their mothers in conversations about emotional events in their lives was due to the indirect influence of SSC on their mothers’ supportive guidance through these discussions. Mothers’ openness and acceptance of their children’s emotions provide a safe place for children to reflect upon their feelings, which enables children to better understand their emotional reactions as well as the reactions of others (Fonagy et al., 2002).

SSC in infancy was associated with benefits to the mother–child relationship 9 years later. However, additional variables within children (e.g., temperament), their mothers (e.g., attachment history), and external factors (e.g., parental divorce) can affect the mother–child relationship and should be examined in future SSC follow-up studies. Likewise, future studies would benefit from conducting measurements at intervals to determine whether SSC in infancy shows consistent associations with positive mother–child relations through childhood.

In infancy, oxytocin, stimulated by SSC, may help set the mother–child relationship on a positive trajectory. However, oxytocin may do more than stimulate a nurturing effect at the beginning of the relationship. Repeated exposure to oxytocin through tactile contact and breastfeeding may induce long-term changes in stress reactivity, as has been shown in animal studies (Holst et al., 2002). Early effects of oxytocin may be conditioned to shape sustained benefits at both physiological and behavioral levels (Uvnäs-Moberg et al., 2005; Uvnäs-Moberg and Prime, 2013). Exploration of these possibilities awaits future research.
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In humans and animal models, oxytocin increases social closeness, attachment and prosocial behaviors, while decreasing anxiety and stress levels. Efficiently triggering the release of endogenous oxytocin could serve as a powerful therapeutic intervention for disorders of social behavior and for anxiety. We designed a new version of a social sensorimotor synchronization task to investigate the role of social approval in inducing biochemical and psychological changes following behavioral synchrony in a sample of 80 college students. Social approval in the form of real time positive feedback increased well-being only in women, while increasing social closeness in both genders. Social disapproval in the form of real time negative feedback prevented a decrease in stress levels that otherwise women reported following engagement in either social or non-social synchronization. Surprisingly, for certain personality traits, negative social feedback during sensorimotor synchronization was psychologically beneficial irrespective of gender. Salivary oxytocin levels increased only in women after the social but not the non-social synchronization tasks. Oxytocin dynamics were independent of the type of real time feedback that subjects received, indicating the existence of distinct mechanisms for hormonal versus behavioral changes following synchronization. Nevertheless, changes in salivary oxytocin after positive social feedback correlated with changes in well-being and predicted changes in prosocial attitudes. Our findings show evidence of distinct mechanisms for behavioral versus hormonal changes following social sensorimotor synchronization, and indicate that gender and personality traits should be carefully considered when designing behavioral therapies for improving social attitudes and for stress management.
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INTRODUCTION

The neuropeptide oxytocin (OXT) plays complex roles in emotional and social behaviors, including attachment, social recognition, trust, generosity, anxiety management, and responses to social stress (Heinrichs et al., 2003; Kosfeld et al., 2005; Uvnäs-Moberg et al., 2005; Zak et al., 2007; De Dreu et al., 2010; MacDonald and Feifel, 2014). OXT administration has been proposed as a treatment option for autism, social anxiety and other disorders with a social dimension (Andari et al., 2018; Benner and Yamasue, 2018). The excitement for the therapeutic potential of OXT has been tampered mostly by the difficulty to deliver the exogenous peptide to the brain, even when administered intranasally (Leng and Ludwig, 2016). Alternative approaches include behavioral therapies that stimulate the release of endogenous OXT. In addition to labor and lactation, OXT can be released after physical effort, sexual activity and physical touch (Seltzer et al., 2010; Jong et al., 2015). Recently, it has been shown that social imitation by sensorimotor synchronization can also increase OXT levels in dyadic partners (Aoki and Yamasue, 2015; Spengler et al., 2017).

Synchronized movements in dyadic social interactions were found to augment emotional expressiveness (Spengler et al., 2017), to improve transmission of emotional information (Aoki et al., 2014), to elicit heightened feelings of closeness to other (Ashton-James et al., 2007; Catmur and Heyes, 2013), greater generosity toward dyadic partner (Van Baaren et al., 2003), greater likeability of the other person (Hove and Risen, 2009), and generally more connectedness with them (Miles et al., 2009). Striking similarities between the reported effects of exogenous OXT with those of social imitation led to the hypothesis that social imitation may act on behavior through enhanced secretion of endogenous OXT (Aoki and Yamasue, 2015; Spengler et al., 2017). If this were indeed the case, we would expect that changes in endogenous OXT mediate behavioral changes, and that imitation leads to another major OXT effect on behavioral state, namely decreased anxiety or stress, and an increased sense of well-being. These aspects have not been investigated prior to our study.

Most of the behavioral and biochemical effects of social imitation have been investigated in the imitated partner (imitee) and less so in the imitator. This bias stemmed from the hypothesis that being imitated is critical for the emergence of attachment and bonding in young and adult human and non-human primates (Nadel-Brulfert and Baudonniere, 1982; Paukner et al., 2009; Hale and Hamilton, 2016).


Current Study

Here, we investigated how social sensorimotor synchronization could be leveraged to become most beneficial for therapeutic interventions, in particular for improving stress-related behavioral states, for increasing social closeness and prosocial behaviors, and for increasing OXT levels. Although previous studies centered on the effects of social sensorimotor synchronization in the imitee (Aoki and Yamasue, 2015; Hale and Hamilton, 2016; Spengler et al., 2017), in our study we focused instead on the effects of sensorimotor synchronization on imitators. The rationale for this distinct approach stemmed from a pilot study where we compared the fluency of interactions when subjects were asked to initiate movements, versus when they were asked to follow the movements of an instructor. We found that subjects more easily engaged in experiments as followers than as initiators (data not shown). We reasoned then that participation in social sensorimotor synchrony as imitator would be more inclusive, permitting participation of socially anxious subjects, perhaps the category of people most likely to need such interventions. We tested the hypothesis that social sensorimotor synchronization can induce similar changes in behavioral states and in OXT levels in imitators as previously reported in imitees.

To increase the chances that imitators benefit from social sensorimotor synchronization, we reviewed the proposed mechanisms by which such interactions become profoundly beneficial in imitees (Hale and Hamilton, 2016). Several proximate mechanisms by which imitation and mimicry could impact behavioral states have been proposed (Hale and Hamilton, 2016). Generally, it is believed that detecting motor, cognitive (e.g., social conformity) and emotional alignment (e.g., emotional contagion) with others, indicates social approval to the imitee, which would be rewarding (Hale and Hamilton, 2016). We found particularly compelling this model which suggests that “being copied” by someone is rewarding (Kühn et al., 2010; Kokal et al., 2011; Hale and Hamilton, 2016), where social approval becomes reinforcing (Paukner et al., 2009). However, the role of social approval in inducing the behavioral effects of sensorimotor synchronization has not been tested directly. We hypothesized that directing social approval toward the imitator in the form of positive feedback might lead to similar behavioral and hormonal changes as in the imitee. To determine if perceived social approval might be the main driver of such profound changes following social sensorimotor synchronization, we investigated responses in imitators when they received social approval (positive feedback, “social positive” condition), social disapproval (negative feedback, “social negative” condition), or when they did not receive social feedback (“non-social” condition).

Personality traits, gender, and mental health may moderate the effects of imitation on endogenous OXT levels and on behavioral states, and should be considered when implementing oxytocinergic interventions (Bartz et al., 2011; Quirin et al., 2014). It remains unknown how gender and different personality traits might affect the biochemical and behavioral responses to synchronized social interactions. We examined the potentially moderating role of gender and of personality factors. We propose that social sensorimotor synchronization can be adjusted based on the gender and individual psychological profile of the subject, in order to produce most effective outcomes.

We tested several specific hypotheses: imitating others while receiving social approval cues increases salivary OXT, social closeness and well-being, and decreases stress; non-social sensorimotor synchronization and imitating others while receiving social disapproval cues do not change salivary OXT, social closeness, well-being, and stress; women have stronger responses than men to social sensorimotor synchronization with social approval cues. We also explored the possibility that changes in salivary OXT mediate changes in well-being and in social closeness, the possibility that social approval or disapproval during imitation changes prosocial attitudes, and the possibility that different personality types respond differently to imitation with social feedback.



MATERIALS AND METHODS


Ethics Statement

All procedures applied in the present studies were accepted by the Ethics Committee of the National University of Theatrical and Cinematographic Arts in Bucharest, Romania, and were in accordance with the 1964 Helsinki declaration and its later amendments or comparable ethical standards. Informed consent was obtained from all individual participants included in the study.



Participants

We recruited 80 somatic and mental healthy adults, aged between 18 and 40. Among these, 49 were women. The age of women (26.61 ± 0.89 years) was not different from that of men (26.65 ± 0.9) (Supplementary Figure S1).



Procedures

Participants came to the laboratory on two different days with at least 1 week and at most 10 days in between. Experiments took place between noon and 16:00 local time, in a controlled environment with constant lighting, 25°C ambient temperature and sound protection. Before the experiment, participants were screened for depression (i.e., the Beck Depression Inventory-II; BDI-II test) and anxiety (i.e., the State Trait Anxiety Inventory-Y; STAI-Y test), and completed a personality inventory (i.e., NEO Personality Inventory – Revised; NEO PI-R). Before and after each experimental and control task, they completed several other self-report measures (described below). All subjects participated in the experimental social sensorimotor synchronization task with social approval (“social positive”), where they were asked to imitate a set of stereotyped, geometrical arm movements produced by an instructor (e.g., draw a circle in the air). The task time lasted for 6 min, during which time the instructor provided verbal and gestural positive feedback (e.g., enthusiastic “very good,” nodding yes, smiling). For control conditions, some of the subjects (49) participated in a non-social sensorimotor synchronization task (“non-social”), where they were asked to imitate the geometrical movements displayed on a screen, without social interactions. The rest of the subjects participated in a social synchronization task where the instructor provided negative verbal and gestural feedback (“social negative”) (e.g., “it’s not right, you are going to fast/slow,” sighing, frowning). The order of experimental and control task was randomized across subjects and counterbalanced. Supplementary Figure S2 presents a diagram of the experimental procedure.



Self-Reported Measures

The inclusion of other in the self (IOS) (Aron et al., 1992) is a single-item, pictorial measure of closeness. The IOS is comprised of a series of 7 Venn-like diagrams, each of which is composed of two circles varying in their degree of overlap. No overlap (IOS = 1) indicates minimal subjective closeness, and maximum overlap (IOS = 7) indicates highest subjective closeness. In our studies, participants were instructed to select the diagram that best represents their relationships with the person in a black and white picture. This person was the instructor that guided the participants throughout the interventions. In 15 cases, the responses on the IOS scale were uninterpretable, and we subsequently removed them from the analysis. The acute emotional perception of stress was assessed using a 10-cm unmarked, description-anchored, visual analog scale (VAS), ranging from 0 (“no stress”) to 100 (“most stressed ever”). Momentary well-being was also measured on a 10-cm unmarked VAS ranging from 0 (worst imaginable) to 100 (perfect well-being).

The NEO Personality Inventory – Revised (NEO PI-R) (Costa and McCrae, 1992) is a 240-item personality inventory with cross-culturally established psychometric properties and validity (McCrae and Terracciano, 2005). The instrument assesses the Big Five Model domains of Neuroticism (N), Extraversion (E), Openness to experience (O), Agreeableness (A), and Conscientiousness (C), with six facets comprising each domain. Participants respond on a 5-point Likert scale ranging from 0 (strongly disagree) to 4 (strongly agree). Our studies employed the Romanian validated NEO PI-R (Costa et al., 2008). The cohort of subjects we included in the experiment were largely representative of the normal distribution of scores for personality traits (Supplementary Figure S3).

Depression Inventory II (BDI-II) (Beck and Steer, 1987; BDI-II; Beck et al., 1996) is a widely accepted 21-item self-report instrument used for the screening and assessment of depression in clinical and research settings. Respondents are asked to rate items on a 4-point Likert scale ranging from 0 to 3 based on severity of each item. Higher total scores indicate more severe depressive symptoms, with the maximal total score being 63. Our studies employed the Romanian validated BDI-II (Beck et al., 2012). The State-Trait Anxiety Inventory – Form Y (STAI-Y) (Spielberger, 1983; Spielberger, 1989) is a self-reported measure of anxiety with 40 items grouped in two scales: State (S-Anxiety) and Trait (T-Anxiety). The participants answered on a 4-point Likert scale, with higher scores indicating increased anxiety. The questionnaire has been shown to poses excellent psychometric properties for both the original English version (Barnes et al., 2002), as well as the Romanian adaptation (Spielberger, 2007), which was utilized in our study.



Computerized Tasks

We used a computerized version of the Dictator Game (DG) which followed the procedure set by Brocklebank et al. (2011). We extracted our DG trials from Charness and Rabin’s (2002). Participants were informed that they will be playing with another anonymous player and that they will be alternating randomly between “Player A” and “Player B” roles. Player A (the dictator) receives an endowment (fixed quantity of virtual money) and gets to decide how much of this initial sum he/she would share with Player B. Player B can make no endowment and can only accept the amount offered by Player A. We used four DG trials and one sham trial. In all four DG trials, the participant was in a Player A role, while in the sham trial, the participant was in a Player B role. Participants were not aware of the total number of trials, when their roles would change or that they were playing against a fictitious character.

Each DG trial included a list of seven forced-choice alternatives of splitting the endowment on a continuum varying from altruistic (i.e., Player A chooses to remain with less virtual money than his/her counterplayer) to less altruistic choices (i.e., Player A chooses to remain with equal or less virtual money than his/her counterplayer). The sham trial was set to always offer the participant (now Player B) an equal amount of virtual money to that of his/her counterplayer so as not to prime in any manner the participant’s subsequent decisions as Player A.

Overall, the more amount of virtual money the participant decided not to share, the less altruistic he or she was in the game. The participant could remain throughout the whole four DG trials with an aggregated sum varying from 0 (i.e., Player A chooses to share all virtual money) to 900 (i.e., Player A chooses to share nothing). Notably, to increase motivation, participants were informed that they will receive a monetary reward which will be 1% of their virtual money choice in the game.



Endocrine Measures

Salivary OXT level was measured two times a day. Participants provided saliva samples 15 min prior and 15 min after the experimental conditions as assisted by a qualified medical nurse. The saliva samples were collected in special designed tubes (Salivette®, Sarstedt). The participants were instructed to move the synthetic swab inside the salivette slowly in their mouth until it was saturated with saliva. The swab was then placed back into the specific tube and sent to the laboratory. There, the tubes were centrifuged at 1,000 × g, at 4°C, for 2 min and the samples were aliquoted in 1,5 ml Eppendorf vials and stored at −80°C prior to analysis. OXT was measured by radioimmunoassay (RIA) at RIAgnosis, Munich, Germany, while total proteins were measured at National Institute of Endocrinology “C. I. Parhon,” Bucharest, Romania. Measurements were done in two batches: the first batch had samples collected from the 30 subjects undergoing “social positive” and “social negative” conditions; the second batch had samples collected from the 50 subjects undergoing “social positive” and “non-social” conditions. Salivary total protein was used to normalize the concentration of salivary OXT levels, since its concentration can vary significantly with saliva viscosity. Five saliva probes were compromised in the processing and subsequently excluded from the analysis.



Statistics

We investigated whether the post-intervention means, adjusted for pre-intervention scores, differ between experimental conditions using the ANCOVA method. The adjustment for the pre-intervention score in ANCOVA has two benefits. One is to make sure that any post-intervention differences truly result from the intervention and are not left-over effects of (usually random) pre-intervention differences between the groups. The other is to account for variation around the post-intervention means that comes from the variation in participant scores at pre-intervention.

As neither OXT nor behavioral data passed the D’Agostino & Pearson normality tests (alpha = 0.05), the analyses detailed in section “Results” employed the Wilcoxon matched-pairs signed rank test to assess pre- and post-intervention differences within the experimental conditions. The outcomes of these tests are summarized in Supplementary Table S1 (in Supplementary Material).

Exploratory analyses of relevant psychological characteristics as predictors of change were carried out through multiple regression. The goal was to assess the relationships of variables like personality traits, depression, and anxiety to direction and degree of change in outcome scores across time. Consequently, dynamic (change) outcome scores were introduced as the dependent variable, while pre-intervention scores were included as a covariates alongside the predictor variable inside the regression models.

To examine indirect effects of time on outcome change scores via changes in closeness to the interaction partner, we applied a within-participant mediation framework (Judd et al., 2001; Yzerbyt et al., 2018). This mediation analysis implies two steps. First, an examination of the component paths by means of joint significance test should find all component paths of the indirect effect significant in order to conclude in favor of mediation. Second, the magnitude and confidence interval of indirect effect is estimated by means of Monte Carlo resampling.



RESULTS


Social Sensorimotor Synchronization Increases Salivary OXT

To determine if the social interactive aspect of engaging in sensorimotor imitation is indeed required for increasing endogenous OXT, we measured salivary OXT levels in all three conditions in the experiment. This allowed us to maintain a similar level of task engagement and an equivalent amount of movement between the social procedures and the “non-social” condition, isolating the contribution of the social factor to measured biochemical changes. We used a 2-session, 2-treatment crossover design.

The sample that engaged in the “social positive” task showed a significant increase in salivary OXT levels (PRE: 1.06 ± 0.05 pg/mg, POST: 1.20 ± 0.06 pg/mg, Wilcoxon matched-pairs signed rank test, p = 0.008, N = 75) (Figure 1A, top). On the contrary, no significant change was measured in the “non-social” condition (PRE: 1.09 ± 0.05 pg/mg, POST: 1.17 ± 0.05 pg/mg, p = 0.082, N = 46) (Figure 1B, top). To determine if the quality of social feedback during imitation was important for the observed biochemical changes, we measured salivary OXT before and after social imitation with negative feedback, “social negative.” In this paradigm, imitation still significantly increases OXT levels (PRE: 0.70 ± 0.07 pg/mg, POST: 1.07 ± 0.12 pg/mg, p = 0.010, N = 29) (Figure 1C, top). An ANCOVA with pre-intervention measure entered as a covariate to control for individual differences, confirmed that there was no significant difference between positive and negative feedback effects [F(1, 55) = 0.03, p = 0.852, [image: image] = 0.01]. Similar results were obtained when we calculated baseline-normalized change scores [formula: (POST − PRE)/PRE]. Change scores were significantly higher than zero for the “social positive” condition (median: 0.07, one sample Wilcoxon test, p = 0.010, N = 75) (Figure 1A, bottom), for “social negative” (median: 0.15, p = 0.006, N = 29) (Figure 1C, bottom), but were not significantly different from zero for the “non-social” condition (median: 0.03, p = 0.529, N = 46) (Figure 1B, bottom). Thus, the social aspect of the sensorimotor synchronization task, regardless of feedback type, is necessary for increasing OXT levels.
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FIGURE 1. Effect of sensoriomotor imitation on endogenous OXT concentrations: (A) “social positive” condition, (B) “non-social” condition, and (C) “social negative” condition. OXT, oxytocin; PRE, before imitation; POST, after imitation. *p < 0.05, **p < 0.001.


To investigate if the OXT response to sensorimotor social synchronization is sexually dimorphic, we compared results in women and men. Following the “social positive” task, salivary OXT significantly increased in women (PRE: 1.09 ± 0.08 pg/mg, POST: 1.29 ± 0.08 pg/mg, p < 0.005, N = 45; median change score: 0.08, p = 0.012, N = 45) (Figure 2A), but not in men (PRE: 1.01 ± 0.07 pg/mg, POST: 1.06 ± 0.1 pg/mg, p = 0.626, N = 30; median change score: 0.05, p = 0.370, N = 30) (Figure 2D). Similarly, following the “social negative” task, salivary OXT significantly increased in women (PRE: 0.66 ± 0.08 pg/mg, POST: 0.98 ± 0.15 pg/mg, p = 0.019, N = 22; median change score: 0.15, p = 0.025, N = 22) (Figure 2C), and tended to also increase in men without reaching significance at the current sample size (PRE: 0.77 ± 0.15 pg/mg, POST: 1.21 ± 0.22 pg/mg, p = 0.382, N = 8; median change score: 0.53, p = 0.312, N = 8) (Figure 2F). Following the “non-social” task, OXT remained stable in both women (PRE: 1.19 ± 0.08 pg/mg, POST: 1.24 ± 0.08 pg/mg, p = 0.438, N = 24; median change score: 0.01, p = 0.302, N = 24) (Figure 2B), and men (PRE: 0.99 ± 0.05 pg/mg, POST: 1.08 ± 0.05 pg/mg, p = 0.112, N = 22; median change score: 0.1, p = 0.054, N = 22) (Figure 2E). This indicates that in women, the oxytocinergic system is more receptive to social sensorimotor synchronization.
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FIGURE 2. Gender-specific effect of sensoriomotor imitation on endogenous OXT concentrations: (A) women, “social positive” condition, (B) women, “non-social,” (C) women, “social negative,” (D) men, “social positive,” (E) men, “non-social,” and (F) men, “social negative.” OXT, oxytocin; PRE, before imitation; POST, after imitation. *p < 0.05, **p < 0.001.


Artifactual differences might appear between conditions due to batch processing of saliva samples, and due to variability in un-probed dimensions of the “social positive” vs “social negative” sample and the “social positive” vs “non-social” sample. To eliminate this possibility, we performed a within subject paired analysis of change scores (Supplementary Figure S4). We found that “social positive” and “social negative” conditions similarly increased change scores in women (“social positive” median change score: 0.1, “social negative” median change score: 0.15, Wilcoxon matched-pairs signed rank test, p = 0.785, N = 21) (Supplementary Figure S4A), and acted similarly in men (“social positive” median change score: 0.42, “social negative” median change score: 0.53, p = 0.312, N = 8) (Supplementary Figure S4B). On the contrary, “social positive” condition led to significantly higher change scores than the “non-social” in women (“social positive” median change score: 0.07, “non-social” median change score: −0.01, p = 0.005, N = 24) (Supplementary Figure S4C), but not in men (“social positive” median change score: 0.03, “non-social” median change score: 0.1, p = 0.222, N = 22) (Supplementary Figure S4D). Similar results were obtained using a repeated measure two-way ANOVA analysis (Supplementary Figure S5). For women, there was a significant effect of time (PRE vs POST) in the “social positive” vs “social negative” sample [F(1, 20) = 13.01, p = 0.001; Holm-Sidak test for “social positive,” p = 0.074, and for “social negative,” p = 0.035] (Supplementary Figure S5A), and also in the “social positive” vs “non-social” sample [F(1, 23) = 5.709, p = 0.025; Holm-Sidak test for “social positive,” p = 0.048, and for “non-social,” p = 0.388] (Supplementary Figure S5C). For men, two-way ANOVA analysis did not show clearly significant results between PRE and POST salivary OXT level, in either the “social positive” vs “social negative” sample [F(1, 7) = 5.564, p = 0.051] (Supplementary Figure S5B), or in the “social positive” vs “non-social” sample [F(1, 21) = 0.029, p = 0.865] (Supplementary Figure S5D).



Dissociated Effects of Sensorimotor Synchronization on Closeness and on Salivary OXT

Engagement in the “social positive” task prompted a large increase in perceived closeness to the interaction partner for both women (PRE: 2.79 ± 0.2, POST: 3.85 ± 0.2, p < 0.0001, N = 49; median change score: 0.33, p < 0.0001, N = 49) (Figure 3A), and men (PRE: 2.9 ± 0.2, POST: 3.8 ± 0.3, p = 0.0005, N = 31; median change score: 0.25, p = 0.0002, N = 31) (Figure 3D). The “non-social” condition registered no change in closeness to a person they have not interacted with in both women (PRE: 2.3 ± 0.3, POST: 2.2 ± 0.3, p = 0.625, N = 19; median change score: 0, p = 0.375, N = 19) (Figure 3B), and men (PRE: 2.5 ± 0.3, POST: 2.6 ± 0.4, p = 0.750, N = 16; median change score: 0, p = 0.812, N = 16) (Figure 3E). This shows that engagement in a sensorimotor non-social synchronization task does not lead to non-specific effects on social closeness.
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FIGURE 3. Effect of sensoriomotor imitation on closeness ratings by gender: (A) women, “social positive” condition, (B) women, “non-social,” (C) women, “social negative,” (D) men, “social positive,” (E) men, “non-social,” (F) men, “social negative.” IOS, inclusion of other in the self-scale**; Pre, before imitation; Post, after imitation. **p < 0.001.


Unexpectedly, although imitation with negative feedback leads to a significant increase in salivary OXT, it does not change closeness scores either in women (PRE: 3.04 ± 0.37, POST: 2.95 ± 0.40, p = 0.826, N = 22; median change score: 0, p = 0.881, N = 22) (Figure 3C), or men (PRE: 3.75 ± 0.64, POST: 3.75 ± 0.64, p > 0.999, N = 8; median change score: 0, p > 0.999, N = 8) (Figure 3F). Furthermore, when we fitted linear regression models with OXT dynamic (change) scores as dependent variable and pre-intervention measure as a covariate for both women and men, we found no significant link between them (β = 0.03, t(72) = 1.1, p = 0.286). This indicates that the increase in endogenous OXT following the “social positive” task cannot be fully explained by the increase in perceived closeness to the interaction partner.

In order to investigate other aspects of social behavior, on a subgroup of subjects we assessed generosity using the DG task (Brocklebank et al., 2011). Participants played marginally more egoistically after negative feedback (PRE: 1.67 ± 0.45, POST: 1.03 ± 0.27, p = 0.055, N = 30), while positive feedback had no effect (PRE: 1.82 ± 0.43, POST: 1.53 ± 0.42, p = 0.474, N = 30). Nevertheless, in the positive feedback condition, change scores in OXT levels correlated with those on DG [r(27) = −0.44, p = 0.017].



Effects of Social Imitation on Stress and Well-Being

In both humans and animal models, OXT was shown to have an anxiolytic effect (Viviani et al., 2011; Cardoso et al., 2012, 2013). Based on these and on our biochemical findings, we would expect that perceived momentary stress decreases after social sensorimotor synchronization with either positive or negative feedback, but not after non-social synchronization. Similarly, we would expect perceived momentary well-being to increase following social synchronization but not following “non-social” task.

Self-reported stress levels showed a significant decrease after “social positive” condition in women (PRE: 28.61 ± 3.2, POST: 21.39 ± 2.67, p = 0.0001; N = 49; median change scores: −0.2, p = 0.001, N = 49) (Figure 4A), but not in men (PRE: 18.16 ± 3.72, POST: 15.77 ± 3.24, p = 0.058, N = 31; median change scores: 0, p = 0.372, N = 31) (Figure 4D). However, perceived stress also decreased after the “non-social” condition in women (PRE: 29.46 ± 5.21, POST: 24.54 ± 4.57, p = 0.017, N = 26; median change score: −0.21, p = 0.009, N = 26) (Figure 4B), and not in men (PRE: 18.78 ± 4.27, POST: 17.43 ± 3.92, p = 0.8734, N = 23; median change score: 0, p = 0.798, N = 23) (Figure 4E). Although the change after the “social positive” condition had stronger significance, an ANCOVA test with pre-intervention measure entered as a covariate to control for individual variability did not establish a significant difference between stress changes in the two experimental conditions [F(1, 95) = 0.79, p = 0.376, [image: image] = 0.01]. These results show that behavioral engagement in either social or non-social sensorimotor synchronization tasks can decrease stress, in dissociation with changes in salivary OXT. The observed decrease in stress is unlikely to simply be a product of passing time, independent of task, as perceived stress does not decrease after “social positive” task in either women (PRE: 25.55 ± 5.18, POST: 29.14 ± 5.28, p = 0.630, N = 22; median change score: 0, p = 0.810, N = 22) (Figure 4C), or men (PRE: 20.13 ± 7.45, POST: 14 ± 4, p = 0.187, N = 8; median change scores: −0.17, p = 0.250, N = 8) (Figure 4F).
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FIGURE 4. Effect of sensoriomotor imitation on momentary stress levels by gender: (A) women, “social positive” condition, (B) women, “non-social,” (C) women, “social negative,” (D) men, “social positive,” (E) men, “non-social,” (F) men, “social negative.” VAS, visual analog scale; Pre, before imitation; Post, after imitation. *p < 0.05, **p < 0.001.


Perceived well-being increased after the ‘social positive’ condition in women (PRE: 62.88 ± 2.9, POST: 69.33 ± 2.87, p < 0.003, N = 49; median change score: 0.06, p = 0.003, N = 49) (Figure 5A), but not in men (PRE: 67.68 ± 3.88, POST: 71.19 ± 4.02, p = 0.093, N = 31; median change score: 0.01, p = 0.148, N = 31) (Figure 5D). On the contrary, perceived well-being did not robustly change after the control “non-social” condition either in women (PRE: 66.62 ± 4.1, POST: 70 ± 3.87, p = 0.065, N = 26; median change score: 0.03, p = 0.038, N = 26) (Figure 5B), or in men (PRE: 67.87 ± 4.27, POST: 70.35 ± 4.53, p = 0.111, N = 23; median change score: 0.01, p = 0.165, N = 23) (Figure 5E). These data suggest that the increase in well-being might correlate with increases in endogenous OXT. Indeed, in women experiencing social synchronization with positive feedback we find a positive correlation between well-being and OXT change scores [r(45) = 0.33, p = 0.025].
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FIGURE 5. Effect of sensoriomotor imitation on momentary well-being ratings by gender: (A) women, “social positive” condition, (B) women, “non-social,” (C) women, “social negative,” (D) men, “social positive,” (E) men, “non-social,” (F) men, “social negative.” VAS, visual analog scale; Pre, before imitation; Post, after imitation. **p < 0.001.


Despite the increase in endogenous OXT experienced after “social negative” condition, we found no significant change in perceived well-being either in women (PRE: 62.14 ± 5.07, POST: 56 ± 5.6, p = 0.551, N = 22; median change score: 0, p = 0.440, N = 22) (Figure 5C), or in men (PRE: 71 ± 9.28, POST: 73.38 ± 10.03, p = 0.437, N = 8; median change score: 0, p = 0.625, N = 8) (Figure 5F). Taken together, our data indicate that endogenous OXT is not sufficient in predicting behavioral outcomes from the social synchronization task, but that in the context of positive feedback it can predict increases in measured generosity and perceived well-being.



Personality Factors Affect Behavioral and Biochemical Outcomes

We also explored if changes in outcome measures could be accounted for by personality traits or depressive and anxious symptoms. Thus, we fitted linear regression models with dynamic (change) scores as dependent variable and pre-intervention measure as a covariate. We found that trait anxiety is predictive of increased stress after the “social positive” condition [β = 0.26, t(47) = 2.13, p = 0.038], but not after the “non-social” condition [β = −0.14, t(46) = −0.94, p = 0.348]. Similarly, higher depression scores predicted lower well-being benefits after the “social positive” condition [β = −0.62, t(47) = −2.38, p = 0.022], while remaining uninformative for the “non-social” condition [β = −0.11, t(46) = −0.54, p = 0.594]. This led us to conclude that even simple social interaction tasks, while generally beneficial, may elicit uncomfortable role demands in people with certain traits or dispositions. Further studies should pay careful attention to these covariates.

For the “social negative” condition, Neuroticism predicted an increase in stress [β = 0.20, t(26) = 2.68, p = 0.012], while Conscientiousness predicted a decrease [β = −0.21, t(26) = −2.56, p = 0.016]. More specifically, the Competence [β = −1.03, t(26) = −2.36, p = 0.026] and Order [β = −0.90, t(26) = −2.34, p = 0.027] traits from the domain of Conscientiousness seemed to be potent predictors. Similarly, in the “social negative” condition, both Angry Hostility [β = −1.23, t(26) = −2.13, p = 0.043] and Gregariousness [β = −1.65, t(26) = −2.46, p = 0.021] predicted a decrease in well-being, while Modesty [β = 0.09, t(26) = −2.14, p = 0.042] predicted a modest increase in perceived closeness. The apparent lack of change in behavioral measures after the “social negative” task appear to result from heterogeneous effects contingent on personality traits. For certain personalities, imitation with negative feedback can prove to be behaviorally beneficial.

For the “social positive” condition, we fitted linear regression models with OXT dynamic (change) scores as dependent variable and pre-intervention personality measure as a covariate for both women and men. Personality traits weakly predicted OXT change. In women, OXT change was predicted by Assertiveness [β = −0.03, t(38) = −2.04, p = 0.048], Dutifulness [β = −0.04, t(38) = −2.58, p = 0.013], and Self-Discipline [β = −0.04, t(38) = −2.61, p = 0.012]. In men, OXT change was only predicted by Impulsiveness [β = −0.03, t(22) = −2.53, p = 0.019]. For the whole sample, both genders, only Assertiveness [β = −0.03, t(63) = −2.56, p = 0.012] significantly predicted OXT change.



Interactions Between Behavioral Changes Following Social Sensorimotor Synchronization

We found that change scores in stress and closeness, as well as well-being and closeness were significantly correlated for women (N = 49), but not for men (N = 31) (see Table 1). The failure to reach statistical significance could be accounted by the fact that the male sample was smaller. Nevertheless, the pattern of correlation could be indicative of different modulation mechanisms for men and women especially concerning the relationship between stress and OXT on one hand, and stress and closeness on the other.


TABLE 1. Correlations between change scores due to imitation among women and men.

[image: Table 1]Given that OXT was not significantly linked to stress and closeness variables we proceeded to test if the temporal changes in stress were mediated by shifts in perceived closeness following the social synchronization task. To examine indirect effects of time (i.e., pre/post task) changes in stress via modifications in closeness, we applied the recently developed within participant mediation framework developed by Yzerbyt et al. (2018). Inferences about within-subject mediation are based on a series of hypothesis tests (i.e., component approach; Judd et al., 2001) as to not inflate type I errors (Yzerbyt et al., 2018). Accordingly, first it is required to establish the presence of an indirect effect by means of the significance of both individual components (i.e., the joint-significance test concerning paths a and b), and only after proceed with Monte Carlo resampling to compute the confidence interval for the indirect effect (i.e., the product of the two estimated components – ab). This analysis was conducted using the JSmediation package for R (Yzerbyt et al., 2018).

The applied within-participant mediation model confirmed that observed increases in closeness fully accounted for the decreases in stress, but only for females (Figure 6). The within-participant indirect effect for women was estimated by Monte Carlo method and was found to be significant (ab = 4.8; 95% CI = [0.56; 9.74]), while the same effect was non-significant for men.
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FIGURE 6. Investigation of imitation effects on stress changes mediated by modifications in perceived closeness using within-participant mediation model proposed by Yzerbyt et al. (2018). The SEs of point estimates are provided in parentheses. *p < 0.05, ***p < 0.001.




DISCUSSION

The major aim of the current research was to develop further a behavioral intervention that could lead to the release of endogenous OXT and that could be used as therapy for afflictions with a social and/or stress component. We built on previous findings showing the beneficial effects of social sensorimotor synchronization tasks (Aoki and Yamasue, 2015; Hale and Hamilton, 2016; Spengler et al., 2017). However, unlike most previous studies, we focused on responses triggered in imitator rather than in imitee.

We find that positive feedback leads to increased salivary OXT, increased well-being, and increased closeness to the interaction partner. None of these results were reproduced when subjects had to synchronize their movements with a geometrical figure displayed on a computer screen, a non-social control. However, negative social feedback can also increase salivary OXT, although to a lower degree, indicating that, in fact, social approval during interactions is not needed for increasing salivary OXT. This finding is consistent with previous reports that synchronization without any type of feedback can increase salivary OXT in both imitee and imitator (Spengler et al., 2017), suggesting that perhaps a perception-action matching mechanism involving the mirror neuron system (Decety et al., 2002; Rizzolatti and Craighero, 2004; Molenberghs et al., 2009; Hogeveen et al., 2014; Hale and Hamilton, 2016) might be involved in triggering hormonal responses.

Despite the increase in endogenous OXT following both types of social synchronization tasks, behavioral changes were heavily linked to the type of feedback subjects received. Thus, well-being and closeness increased, while stress decreased after synchronization with social approval, but not after synchronization with social disapproval. Similarly, although social approval did not change prosocial behaviors (altruism and generosity as measured with the DG), social disapproval made subjects less altruistic and more egotistical. These findings indicate that behavioral responses to sensorimotor synchronization depend on the perceived “value” of the interaction, supporting a reward-based mechanism (Hale and Hamilton, 2016).

Another important result of our study is that both hormonal and behavioral changes induced by social sensorimotor synchronization are sexually dimorphic. This supports previous findings showing highly complex actions of OXT with regard to sex differences in behavior (Caldwell, 2018). OXT levels and OXT release tend to be higher in females (Kramer et al., 2004; Carter, 2007; Marazziti et al., 2019). However, regulation of systems that rely on OXT seem to be sexually dimorphic in some species, but not all (Kramer et al., 2004), while sex differences in behavior are seldomly associated with structural changes in the OXT system (Caldwell, 2018). Anxiolytic effects of OXT have been found both in women and in men (Ditzen et al., 2009; Cardoso et al., 2012; Kubzansky et al., 2012), while some research suggests that OXT mediates behavioral responses to stress more strongly in women than in men, which may result in female-specific tend-and-befriend coping strategies (Taylor et al., 2000; Cardoso et al., 2013). More so, studies point toward other interesting sex-specific patterns of behavior linked to OXT (Preckel et al., 2014; Rilling et al., 2014; Scheele et al., 2014). For example, Morhenn et al. (2008) found that women were more susceptible than men to OXT release and monetary sacrifice during DG after physical touch.

In addition to gender differences, we also find that personality traits could play a crucial role in both behavioral and hormonal responses. Perhaps most strikingly, we find that social disapproval is beneficial for certain personalities, indicating that perhaps some individuals interpret the negative social feedback as being instructive rather than punitive. Although these findings remain exploratory, they generate testable hypotheses for future, larger-scale studies.

Our results indicate that distinct neurocognitive mechanisms might account for hormonal changes and for behavioral changes induced by social sensorimotor synchronization. Moreover, we find crucial gender and personality type differences underlying these changes. Our results could provide crucial information on optimizing and individualizing behavioral therapies for afflictions of social interaction and stress management.


Study Limitations

The present study has several limitations. The small sample size provided enough statistical power to detect significant differences in the imitation conditions, but not enough to confidently test differences in gains across conditions. Another limitation concerns the findings regarding the link between personality traits and our intervention outcome variables. Stemming from an exploratory analysis involving multiple testing, the risk of type-1 errors is high and the results should be interpreted with caution. However, these findings could generate future research, a contribution to the field that would otherwise be negated by restrictive corrections that amplifies type-2 error rates.

Although not suggested by more in depth analysis of our current sample, crossover effects are a threat in within-participant designs. Most notably, comparisons between a positive-feedback interaction and a negative-feedback interaction may be subjected to referencing effects, regardless of efforts to randomize and counterbalance the condition order. In our present study the only precaution against such an effect was temporal spacing of tests. Future studies of social interaction with modulated feedback should use designs able to adequately test for crossover effects.

Salivary OXT may not reflect changes in brain levels of the hormone (Neumann and Landgraf, 2012; Neumann and Slattery, 2016; Schladt et al., 2017), as neuronal populations releasing the hormone in the periphery are different from those releasing it centrally. Moreover, OXT does not cross the blood brain barrier (Leng and Ludwig, 2016). Measuring OXT release in the cerebrospinal liquid is invasive and not ethical in healthy individuals. Given this, in pilot experiments we compared measurements of OXT in saliva, blood and urine. We, as others before us (Holt-Lunstad et al., 2008; White-Traut et al., 2009; Grewen et al., 2010; Feldman et al., 2011; Hoffman et al., 2012), found similar levels and ranges of OXT between these internal fluids (data not shown). We chose to sample saliva to ensure comfortable conditions for our subjects, and thus to increase retention in the study.
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FIGURE S1 | Age and gender distribution in the recruited sample.

FIGURE S2 | Diagram of the experimental procedure. Subjects participated to the experiment on two different days set at least 1 week apart and at most 10 days apart. Self-report measure completion (stress VAS, well-being VAS, IOS) and saliva sampling followed the same timeline for both days. Personality assessment was done only at the beginning of the first experimental day. Participants were randomized to treatment (“social positive imitation”) or control conditions (“social negative imitation”/“non-social imitation”), as well as to the order they would experience these conditions (day1/day2). The Dictator Game task was administered only to participants allocated to the group that would be used to investigate social imitation with modulated feedback.

FIGURE S3 | Distribution of personality traits in the recruited sample. Personality traits are listed on the x-axis. T scores (M=50, SD=10) are displayed on y-axis. Shaded areas are indicative of intensity categories for the Romanian normative sample (both genders): 20–35 very low scores, 35–45 low scores, 45–55 average, 55–65 high scores, and 65–80 very high scores. N, neuroticism; E, extraversion; O, openness to experience; A, agreeableness; C, conscientiousness; N1, anxiety; N2, hostility/anger; N3, depression; N4, self-consciousness; N5, impulsiveness; N6, vulnerability to stress; E1, warmth; E2, gregariousness; E3, assertiveness; E4, activity; E5, excitement seeking; E6, positive emotion; O1, fantasy; O2, aesthetics; O3, feelings; O4, actions; O5, ideas; O6, values; A1, trust; A2, straightforwardness; A3, altruism; A4, compliance; A5, modesty; A6, tendermindedness; C1, competence; C2, order; C3, dutifulness; C4, achievement striving; C5, self-discipline; C6, deliberation.

FIGURE S4 | Differences in normalized change scores between conditions. (A) Women, “social positive” vs “social negative,” (B) men, “social positive” vs “social negative,” (C) women, “social positive” vs “non-social,” (D) men, “social positive” vs “non-social.”

FIGURE S5 | Repeated measure two-way ANOVA analysis for normalized (to daily values) salivary oxytocin. (A) Women, “social positive” vs “social negative,” (B) men, “social positive” vs “social negative,” (C) women, “social positive” vs “non-social,” (D) men, “social positive” vs “non-social.”

TABLE S1 | Summary of pre-post comparisons within experimental conditions (Wilcoxon matched-pairs signed rank test).
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In the United Kingdom, the most common reasons for a child to come under the care of social services are neglect and abuse. Such early childhood adversity is a risk factor for social-isolation and poor mental health in adulthood. Touch is a key channel for nurturing interactions, and previous studies have shown links between early somatosensory input, experience dependent neural plasticity, and later life emotional functioning. The aim of the present study was to test the relationship between childhood neglect/abuse and later life experiences, attitudes, and hedonic ratings of affective touch. Here, affective touch is defined as low force, dynamic touch which C-Tactile afferents (CTs) respond optimally to. We hypothesized that a childhood lacking in early nurturing tactile stimulation would be associated with reduced sensitivity to socially relevant affective touch in adulthood. To test this, 19 care leavers (average 9.32 ± 3.70 years in foster care) and 32 non-care leavers were recruited through opportunity sampling (mean age = 21.25 ± 1.74 years). Participants completed a range of psychophysical somatosensory tests. First, they rated the pleasantness of CT-optimal (3 cm/s) and non-CT-optimal (0.3 and 30 cm/s) stroking touch applied to their forearm, both robotically and by an experimenter. They also made vicarious ratings of the anticipated pleasantness of social tactile interactions depicted in a series of videos. Finally, they filled in the Childhood Trauma Questionnaire (CTQ) and the Touch Experiences and Attitudes Questionnaire (TEAQ). As expected, care leavers reported significantly higher levels of childhood trauma than the control group. They also reported significantly lower levels of positive childhood touch compared to non-care leavers, but their attitudes and experiences of current intimate and affiliative touch did not differ. Across all psychophysical tests, care leavers showed specific reduction in sensitivity to the affective value of CT targeted 3 cm/s touch. The results of this study support the hypothesis that a lack of nurturing touch in early developmental periods leads to blunted sensitivity to the specific social value of affective touch. Future research should investigate the neural and physiological mechanisms underlying the observed effect.

Keywords: touch, childhood adversity, perception, neglect, C-tactile afferent, affective touch


INTRODUCTION

In the United Kingdom, the most common reasons for a child to come under the care of social services are neglect and abuse (Department for Education, 2019). That is, a failure to provide appropriate physical and emotional care and/or exposure to deliberate physical and emotional harm (NSPCC, 2019). In the long term, such childhood adversity is associated with poor mental health and risky behaviors (McCann et al., 1996; Ben-Ami and Baker, 2012; McLaughlin and Sheridan, 2016; Duffy et al., 2018; Briere and Elliott, 2019). Indeed, increased frequency of adverse events in childhood leads to a higher probability of later life psychopathology (Evans et al., 2013; McLaughlin and Sheridan, 2016).

Touch is a key sensory channel for parental-infant interactions (Hofer, 1994; Walker and McGlone, 2013; McGlone et al., 2017; Van Puyvelde et al., 2019b; Montirosso and McGlone, 2020). Indeed, a range of studies have shown clear links between early nurturing tactile interactions, experience dependent neural plasticity, hypothalamic-pituitary-adrenal (HPA) axis development, and later life social and emotional functioning (Levine, 2001; Meaney, 2001; Champagne et al., 2008; Franklin et al., 2011; Walker and McGlone, 2013; Walker et al., 2017a; Van Puyvelde et al., 2019a,b), with a paucity of early nurturing touch having adverse consequences (see Walker and McGlone, 2013; Bales et al., 2018 for reviews). In rodents, parental sensory stimulation largely consists of licking and grooming, huddling, and playing, all of which involve significant somatosensory stimulation. Levels of parental care vary between individuals, with those receiving high levels of contact showing a greater density of connections within somatosensory cortex (Seelke et al., 2016).

A distinction between the discriminative and affective functions of cutaneous senses has long been recognized for pain, where discrete classes of afferent nerves elicit different perceptual and emotional states (Bishop and Landau, 1958; Cross, 1994; Ploner et al., 2002; McGlone and Reilly, 2010). However, it is only with the more recent identification and characterization of a class of unmyelinated, low-threshold mechanoreceptors in the hairy skin of humans that the existence of a dedicated pathway for affective touch has been considered (Nordin, 1990; Vallbo et al., 1993, 1999; Löken et al., 2009). While the discriminative properties of touch are signaled by thickly myelinated fast conducting Aβ afferents projecting to primary somatosensory cortex, the affective components of touch are conveyed by a subclass of C-type fibers, named C-Tactile afferents (CTs), which project to the insular cortex (Olausson et al., 2002; McGlone et al., 2014). CT afferents are force, velocity, and temperature tuned, responding preferentially to a gentle, stroking, skin temperature touch of between 1 and 10 cm/s.

Their peripheral response characteristics, coupled with central projections to affective rather than primary sensory regions, has led to the hypothesis that the CT system evolved to signal socially relevant and rewarding touch (Löken et al., 2009; Morrison et al., 2010; Olausson et al., 2010; Ackerley et al., 2014). Indirect support for this putative social function comes from studies where, when asked to caress their infant, parents spontaneously delivered touch within the CT optimal range (Croy et al., 2016a; Van Puyvelde et al., 2019a,b; Bytomski et al., 2020).

Consistent with the CT system being active in early infancy and thus able to influence early brain development, a recent study reported that in 2-month-old infants, as in adults, greater activation was elicited in the insular cortex in response to CT optimal than to faster, non-CT optimal touch (Jönsson et al., 2018). Indeed, in term-infants just a few days old, gentle stroking has been found to lead to activation in the posterior insular cortex (Tuulari et al., 2017). In a psychophysical test, children as young as 5 years displayed a preference for CT optimal velocities of stroking touch (Croy et al., 2019).

Children raised in institutions experience reduced one-to-one caregiving. This deficit in nurturing stimulation is associated with an increased risk of neural and behavioral dysfunction (Tottenham, 2012). However, other forms of early social deprivation, such as childhood maltreatment or low socioeconomic status, are also strongly associated with structural and functional changes in association cortex and limbic regions underpinning behavioral control and emotion regulation (Hart and Rubia, 2012; McLaughlin et al., 2014).

While neural changes in sensory processing have not been widely reported in these groups, there is clear behavioral evidence of abnormalities in tactile processing during childhood (Cermak and Daunhauer, 1997; Cermak and Groza, 1998; Wilbarger et al., 2010). This can manifest as hyper-reactivity, leading the child to seek intense tactile experiences or hypo-reactivity, resulting in withdrawal from and avoidance of touch and textures that are typically perceived as pleasant or benign (Cermak and Groza, 1998). These abnormal sensory reactions can have a detrimental effect on the child’s experience of typical nurturing interactions with their mother or caregivers (Cermak and Daunhauer, 1997); rejections can manifest latterly as uncooperative and impulsive behavior (Cermak and Groza, 1998). The longer a child is raised in a suboptimal nurturing environment, the greater the impact on development and behavior (Lin et al., 2005; Wilbarger et al., 2010). For example, children spending 12 months or longer in institutionalized care showed significantly more aberrant responses to light touch (both tactile seeking and aversion) than those raised predominantly in foster care or with their biological parents (Wilbarger et al., 2010).

In England, the majority of children in care are fostered (Department for Education. England, 2017) and evidence indicates that, on average, they have a more positive developmental trajectory than those raised in institutions (Wilbarger et al., 2010). Indeed, United Kingdom fostering regulations state “carers should provide a level of care, including physical affection, which is designed to demonstrate warmth, friendliness, and positive regard for children” (Fostering Services, 2011). However, guidance from local authorities and independent fostering agencies frequently warns carers that showing physical affection toward children could be misinterpreted and put them at risk (Narey and Owers, 2018). Thus, having been taken into care due to neglect and/or abuse this group, even when fostered, are likely to experience reduced nurturing contact in comparison to peers who have never been in care. Care leavers frequently experience social-exclusion in adulthood (Stein, 2006; Atkinson and Hyde, 2019), thus it seems plausible that a lack of nurturing touch during early critical or sensitive periods has significant consequences for later life social functioning. Initial evidence for this is provided by the significant negative relationship between childhood adversity and later life touch attitudes and experiences reported by Trotter et al. (2018b). However, this study is limited in that only 13% of participants reported high levels of childhood adversity, and the sole measure of tactile processing was self-report.

The aim of the present study was to investigate whether adults who have experienced childhood neglect and/or abuse show abnormal responses to socially relevant affective touch in adulthood. Thus, we recruited young adults who have grown up in United Kingdom foster care and compared their ratings of directly and vicariously experienced touch to a group of age matched peers, raised in a typical family environment. We used psychophysical techniques to deliver dynamic tactile stimuli. Some velocities were targeted to optimally activate CTs (1–10 cm/s) whereas other, faster and slower strokes fell outside the CT optimal range (Löken et al., 2009). On hairy skin sites, CT targeted touch is reliably rated as more pleasant than faster and slower velocities (Essick et al., 1999, 2010). To consider top down effects on these ratings, touch was delivered both in a social condition, by the experimenter, and a non-social condition, using an automated robot (Triscoli et al., 2013). For the vicarious touch ratings, participants viewed a series of short videos depicting one adult touching another at various upper body sites. In the general population, we have previously shown, ratings of these stimuli have the same relationship between velocity and anticipated pleasantness as directly felt touch (Walker et al., 2017b). We hypothesized that the care leavers would report higher levels of childhood trauma, have more negative attitudes to touch and show blunted psychophysical ratings to CT targeted touch.



MATERIALS AND METHODS


Participants

Fifty-one participants (eight males) aged 18–30 (Mean = 21.25, SD ± 1.74) took part in the study. Nineteen were care leavers (five males, mean age = 21.47, SD ± 2.04), defined as having spent a minimum of 1 year in United Kingdom foster care, recruited via gatekeepers, social services, and social media. Mean age at entering care was 10.53 years (SD ± 3.26). Mean duration in care was 9.32 years (SD ± 3.70). The comparison group comprised 32 non-care leavers (three males, mean age 21.13, SD ± 1.56), recruited via Liverpool John Moores University. Participants were excluded from participating if they had any skin condition affecting their arms or any neurological damage to this area. Prior to recruitment, the study was approved by Liverpool John Moores University Psychology Research Ethics committee. All participants gave written informed consent.



Measures


Childhood Trauma Questionnaire

The Childhood Trauma Questionnaire (CTQ) is a 28-item retrospective self-report questionnaire designed to assess negative childhood experiences using five subscales: (1) emotional neglect (e.g., “I felt loved”), (2) emotional abuse (e.g., “People in my family said hurtful or insulting things to me”), (3) physical neglect (e.g., “I didn’t have enough to eat”), (4) physical abuse (e.g., “I was punished with a belt, a board, a cord, or some other hard object”), and (5) sexual abuse (e.g., “Someone tried to make me do sexual things or watch sexual things”; Bernstein et al., 1998). These five types of experiences are each assessed by five items; three additional items assess tendencies of respondents to minimize or deny abuse experiences. Respondents rate the truth of each statement on a five-point Likert Scale (1 = “never true” to 5 = “very often true”). Thus, scores on each subscale range from 5 to 25, some items are reverse scored and high scores indicate more negative experiences. The CTQ has high internal consistency (Cronbach’s α = 0.95; Strand et al., 2005).



Touch Experiences and Attitudes Questionnaire

The Touch Experiences and Attitudes Questionnaire (TEAQ) is a 57-item self-report questionnaire designed to measure experiences and attitudes toward touch across the lifespan using six subscales: friends and family touch (FFT), current intimate touch (CIT), childhood touch, attitude to self-care (ASC), attitude to intimate touch (AIT), and attitude to unfamiliar touch (AUT; Trotter et al., 2018b). Statements such as “I often have my skin stroked” are rated on a five-point Likert Scale (1 = “Disagree strongly” to 5 = “Agree strongly”) with high scores indicating more positive attitudes toward and experiences of touch. The TEAQ has high internal consistency (Cronbach’s α = 0.78–0.92; Trotter et al., 2018b).



Rotary Tactile Stimulator

An rotary tactile stimulator (RTS; Dancer Design, St Helens, United Kingdom), with a soft brush (head width 5 cm) attached, was used to deliver controlled brush strokes to the ventral surface of the left forearm. Participants experienced three velocities of touch (0.3, 3, and 30 cm/s), three times each in a pseudorandom order. On each of nine trials, the RTS delivered a single stroke in a proximal to distal direction, over an aperture of approximately 8 cm, at a force of 0.3 N. Participants were asked to close their eyes and turn their head away while the touch was administered. After each trial, participants were presented with a fresh 20 cm long, printed, visual analogue scale with anchors −10 = unpleasant, 0 = neutral, and + 10 = pleasant. The participant drew a mark on the paper scale to rate the perceived pleasantness of the touch they had just experienced. After they had made their rating, the participant indicated to the experimenter they were ready to progress, and the next trial was initiated.



Human Touch

Participants received manual strokes to the ventral surface of their left forearm, delivered by the experimenter using their dominant hand on which, for consistency of temperature and tactile sensation, they wore a white cotton glove. A visual metronome programmed in JavaScript was presented on a computer screen behind the participant. On each trial, this guided the researcher in delivering the strokes at one of three velocities: 0.3, 3, and 30 cm/s. Participants experienced the three velocities three times each in a pseudorandom order. On each of the nine trials, the experimenter delivered a single stroke in a distal to proximal direction over 9 cm of skin. Participants were asked to close their eyes and turn their head away while the touch was administered. After each trial, participants were presented with a fresh 20 cm long printed visual analogue scale with anchors −10 = unpleasant, 0 = neutral, and + 10 = pleasant. The participant drew a mark on the paper scale to rate the perceived pleasantness of the touch they had just experienced. After they had made their rating, the participant indicated to the experimenter they were ready to progress, and the next trial was initiated.



Touch Videos

Participants viewed and rated a randomized sequence of 15 short (5 s) videos (Walker et al., 2017b) depicting one individual being touched by another, at five different skin sites (back, upper arm, ventral forearm, dorsal forearm, and palm) and three different velocities (static, 3, and 30 cm/s). The clips lacked any social context, faces were not visible, and showed only the hand and forearm of one female actor “the toucher” and the relevant upper body part (back, arm, or palm) of the other male actor “the receiver.” Immediately, after viewing each clip, a new screen appeared where participants were asked to rate, on a Likert scale: how pleasant do you think that action was for the person being touched? 1 not at all – 7 extremely.




Procedure

The participants were welcomed, seated at a desk, and given a verbal briefing, before reading the participant information sheet and signing a consent form. They then answered a series of demographic questions, presented on a computer, concerning age, gender, and childhood care status. Then, the length of their left forearm was measured to find the mid-point and two dots, 4.5 cm each side of the midpoint, were marked. On both robotic and human touch trials, touch was delivered within this 9 cm long region. Subsequently, they completed either the RTS or human touch ratings task, presentation order was counterbalanced. In the RTS condition, participants were seated in a dentist chair placing their left forearm (ventral side upward) on a memory-foam cushion attached to the arm of the chair. Participants were asked to keep their arm static and close their eyes while the RTS delivered the strokes. In the human touch condition, they sat in a desk chair with their left forearm (ventral side upward) on a memory-foam cushion attached to the chair arm. Participants were asked to keep their arm as still as possible and close their eyes while the experimenter delivered the strokes. After completing both touch tasks, participants watched and rated the touch videos. Finally, they completed the TEAQ followed by the CTQ on the computer. The videos and self-report questionnaires were presented on a computer using Qualtrics survey software (Qualtrics, Provo, UT, United States).



Data Analysis


Comparison of Care Leaver and Non-care Leaver TEAQ and CTQ Scores

Touch Experiences and Attitude Questionnaire and CTQ data were analyzed using SPSS (version 24). Examination of histograms, QQ-norm plots and use of Shapiro-Wilk tests indicated the data were not normally distributed. Mann-Whitney U tests were therefore used to determine whether there was a significant difference between care leavers and non-care leavers for the TEAQ and CTQ subscale scores, as well as the CTQ total score. Analysis of TEAQ subscale scores required six Mann-Whitney U tests to be carried out; therefore, Bonferroni correction for multiple comparisons for six tests was carried out and a new alpha level for significance of 0.008 was identified. Similarly, for the CTQ analysis, there were five subscales plus the CTQ total score, so six Mann-Whitney U tests were carried out and a new alpha level for significance of 0.008 was identified.



Analysis of Ratings of Directly Experienced and Vicarious Touch

Examination of histograms and QQ-norm plots of model residuals revealed the data to be normally distributed. Furthermore, examination of fitted vs. residuals plots shows heterodescasticity was not an issue.

Since here it is assumed participants are rating pleasantness as a continuous variable and our data met the assumptions for parametric analyses (Velleman and Wilkinson, 1993; Mircioiu and Atkinson, 2017), ratings for both directly experienced touch and vicarious touch were analyzed using a linear mixed-effects model fit using the lmer function from the lme4 package (Bates et al., 2015) in R (R Core Team, 2013).

For directly experienced touch, the dependent variable was the pleasantness ratings, with fixed effects of care leaver status with two levels; care leaver and non-care leaver, velocity with three levels; 0.3, 3, and 30 cm/s, and touch modality with two levels; RTS and gloved hand. A random intercept per participant was included in the model.

For vicarious touch responses, the dependent variable was the pleasantness ratings, with fixed effects of, care leaver status with two levels; care-leaver and non-care leaver, velocity with three levels; static, 3, and 30 cm/s, and touch location with five levels; back, upper-arm, dorsal forearm, ventral forearm, and palm. A random intercept per participant was included in the model.

For both models, omnibus effects were tested using asymptotic type III Wald χ2 tests using the Anova function from the car package (Fox and Weisberg, 2019). Significant interactions were followed up using the testInteractions function from the phia package (De Rosario-Martinez, 2015). Simple-main effects analysis used the Holm (1979) correction for multiple comparisons.





RESULTS


Analysis of CTQ Subscale Scores for Care Leavers Compared to Non-care Leavers

Analysis of CTQ subscale scores using Mann-Whitney U tests to compare care leavers to non-care leavers identified that care leavers reported significantly higher levels of all types of childhood trauma, with a large effect size (emotional neglect: U = 40.50, z = −5.17, p < 0.001, r = −0.72; emotional abuse: U = 62.50, z = −4.75, p < 0.001, r = −0.67; physical neglect: U = 38.50, z = −5.25, p < 0.001, r = −0.74; physical abuse = 30.00, z = −5.64, p < 0.001, r = −0.79; and sexual abuse: U = 143.50, z = −3.80, p < 0.001, r = −0.53). Total CTQ scores were also significantly greater for care leavers than non-care leavers (U = 28.00, z = −5.38, p < 0.001, r = −0.75). These data are presented in Figure 1.
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FIGURE 1. Median Childhood Touch Questionnaire (CTQ) subscale scores for care leavers and non-care leavers with error bars showing 25th and 75th percentiles. Care leavers reported significantly higher levels of all types of childhood trauma (***ps < 0.001), with total childhood trauma scores also significantly higher (p < 0.001).




Analysis of TEAQ Subscale Scores for Care Leavers Compared to Non-care Leavers

Analysis of TEAQ subscale scores using Mann-Whitney U tests to compare care leaver to non-care leaver scores revealed care leavers reported significantly lower levels of positive childhood touch, as determined by the ChT subscale (Mdn = 3.00) compared to non-care leavers (Mdn = 4.50), with a large effect size (U = 106.50, z = −3.86, p < 0.001, r = −0.54). No significant differences between care leavers and non-care leavers for the other TEAQ subscales were identified (ps ≥ 0.051). These data are presented in Figure 2.
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FIGURE 2. Median Touch Experiences and Attitudes Questionnaire (TEAQ) subscale scores for care leavers and non-care leavers with error bars showing 25th and 75th percentiles. Care leavers reported significantly lower levels of positive childhood touch than non-care leavers (***p < 0.001). No other differences were significant. FFT, friends and family touch; CIT, current intimate touch; ChT, childhood touch; ASC, attitude to self-care; AIT, attitude to intimate touch; AUT, attitude to unfamiliar touch.




Analysis of the Effect of Care Leaver Status on Responses to Directly Experienced Touch

There was no significant effect of touch modality (RTS vs. Gloved Hand – χ2(1) = 0.006, p = 0.94), nor did touch modality interact with any other factor (ps > 0.2).

There was a significant main effect of velocity [χ2(2) = 143.37, p < 0.0001] reflecting higher ratings for CT optimal 3 cm/s than 0.3 and 30 cm/s strokes (ps < 0.001). Ratings of 30 cm/s strokes were also significantly higher than 0.3 cm/s (p < 0.0001).

There was no main effect of care leaver status [χ2(1) = 0.52, p = 0.47], however, there was a significant velocity by care leaver status interaction [χ2(2) = 20.16, p < 0.0001]. This reflects the fact that, at a CT optimal stroking velocity of 3 cm/s, care leavers report lower levels of pleasantness than non-care leavers. While non-care leavers rated 3 cm/s touch significantly more pleasant than either of the other two velocities (ps < 0.0001), care leavers did not rate 3 cm/s touch any higher than 30 cm/s touch (p = 0.53), though they did rate it significantly higher than 0.3 cm/s touch (p < 0.0001). These data are summarized in Figure 3.
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FIGURE 3. Mean pleasantness ratings ±95% confidence intervals for directly experienced touch responses. There was a significant care leaver status by velocity interaction (p < 0.0001) which reflects the fact care leavers appear to show less sensitivity to the specific rewarding value of CT-optimal 3 cm/s touch than the non-care leavers. Pairwise comparisons revealed that, while non-care leavers rated 3 cm/s touch significantly higher than either of the other velocities (***p < 0.0001), the care leavers did not rate the CT-optimal 3 cm/s touch significantly higher than 30 cm/s touch (p = 0.53), though they did rate it significantly more pleasant than static touch (***p < 0.0001). The pairwise comparison of the two groups’ ratings of 3 cm/s touch only approached significance (p = 0.08).


Analysis of simple-main effects of care leaver status for each level of velocity revealed that, after correction for multiple comparisons, the effect of care-leaver status at 3 cm/s was only marginally significant (p = 0.08). There was no effect of care-leaver status at either of the other velocities (p > 1).



Analysis of the Effect of Care Leaver Status on Vicarious Touch Responses

There were significant main effects of location [χ2(4) = 58.04, p < 0.0001], reflecting higher ratings for touch on the back than any other site (ps < 0.0001). There was also a significant effect of velocity [χ2(2) = 101.72, p < 0.0001], reflecting higher ratings of CT-optimal 3 cm/s touch (ps < 0.0001). 30 cm/s was also rated significantly higher than static touch (p < 0.0001). However, there was also a significant location by velocity interaction [χ2(8) = 17.36, p < 0.01]. Simple-main effects analysis of velocity for each level of location revealed a different relationship between pleasantness ratings and velocity on the back and the palm than on the other three sites. 3 cm/s was rated significantly more pleasant than either static or 30 cm/s on the upper-arm, ventral forearm, and dorsal forearm (all ps < 0.01), while, for the palm there were no significant differences in pleasantness across velocities (all ps > 0.5). On the back, 3 cm/s was rated significantly more pleasant than static (p < 0.0001) but not 30 cm/s (p = 0.26). These data are summarized in Figure 4.
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FIGURE 4. Effect of location on vicarious touch pleasantness ratings. Mean pleasantness ratings ±95% confidence intervals are shown. There is a significant location by velocity interaction (p < 0.01) which reflects the fact that ratings of touch on the back and on the palm show a different relationship between velocity and pleasantness than at the other three skin sites. On the palm ratings of touch pleasantness did not vary significantly by velocity (all ps > 0.5). On all three arm locations, 3 cm/s was rated significantly more pleasant than static or 30 cm/s touch (***p < 0.0001, **p < 0.001, *p < 0.01). While on the back ratings of 3 cm/s touch were only significantly higher than static (***p < 0.0001) not 30 cm/s (p = 0.26).


There was no significant main effect of care leaver status [χ2(1) = 0.83, p = 0.36], nor was there a significant care leaver status by location interaction [χ2(4) = 1.23, p = 0.87]. However, there was a significant care leaver status by velocity interaction [χ2(2) = 15.13, p < 0.001]. Simple-main effects analysis of care leaver status at each level of velocity revealed that care leavers rated touch at 3 cm/s significantly lower than non-care leavers (p < 0.01). There were no significant differences between the two groups in their ratings of static and 30 cm/s touch (ps > 1). These data are summarized in Figure 5.
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FIGURE 5. Effect of care leaver status on vicarious touch pleasantness ratings. Mean pleasantness ratings ±95% confidence intervals are shown. There was a significant care leaver status by velocity interaction (p = 0.0001), which reflects the fact care leavers rated touch at 3 cm/s significantly lower than non-care leavers (*p < 0.01). There was no significant difference between the two groups’ ratings at either of the other velocities (ps > 1).





DISCUSSION

Of the young adults who took part in this study, the 19 who had spent, on average, 9 years in foster care reported significantly higher levels of abuse and neglect on all subscales of the CTQ and significantly higher levels of trauma overall than age matched controls. When asked about their experiences and attitudes toward touch, only their experiences of childhood touch were significantly more negative than the control group. This is consistent with our previous finding that scores on the Childhood Trauma subscale of the TEAQ are negatively predictive of scores on the CTQ (Trotter et al., 2018b). In line with previous reports, there were no differences in our participants’ affective ratings of robotic vs. experimenter delivered touch (Triscoli et al., 2013). This indicates both groups of participants are rating the affective quality of sensory stimulus delivered, and top-down factors such as social context are not impacting their response. However, the care leavers showed blunted sensitivity to the specific rewarding value of CT optimal 3 cm/s touch. This difference between the two groups was also apparent when participants were asked to rate vicariously experienced touch where, irrespective of touch location, the care leavers rated CT optimal 3 cm/s touch as significantly less pleasant than the control group. The observed interaction between touch pleasantness and location is consistent with our previous findings using these video stimuli and has been hypothesized to reflect variations in CT innervation density across body sites, with CTs thought to be absent from the palm and perhaps more dense in dorsal thoracic sites (Liu et al., 2007; Walker et al., 2017b). Importantly here, this pattern of ratings did not vary according to care leaver status.

Thus, consistent with our hypothesis that childhood experiences of abuse and neglect have long term consequences for the processing of socially relevant tactile stimuli, here we show that a group of young adults, reporting significantly higher levels of childhood trauma and more negative experiences of childhood touch than the control group, also showed blunted sensitivity to affective touch in our psychophysical tests. Importantly, this effect was specific. Our psychophysical measures were designed to investigate the functioning of CTs, a system of unmyelinated cutaneous C-type fibers. For both directly experienced and vicarious touch, the effects were specific to CT optimal velocity touch; we did not see a general blunting of all affective ratings.

While the neurobiological basis of the present findings is unclear, group level differences in affective touch ratings have been reported in several previous studies (Morrison et al., 2011; Crucianelli et al., 2016; Croy et al., 2016a, 2020; Sailer and Ackerley, 2017; Davidovic et al., 2018; Krahé et al., 2018) Psychologically, these reflect state (Sailer and Ackerley, 2017) and trait (Croy et al., 2016b; Crucianelli et al., 2016) differences in perception. Neurally, they have been associated with both peripheral (Morrison et al., 2011) and central (Davidovic et al., 2018) differences in the encoding of affective touch. For example, Sailer and Ackerley (2017) found that adults self-reporting a low frequency of social tactile interactions rated CT optimal touch as less pleasant than a group who reported frequent touch. However, it seems unlikely current levels of touch are driving our effects because, using our previously validated self-report measure (Trotter et al., 2018a,b), we found no difference between the two groups in their current experiences of either intimate touch or tactile interactions with friends and family.

Attachment style is a significant predictor of sensitivity to CT-optimal affective touch (Krahé et al., 2016, 2018). In their study, Krahé et al. (2018) classified participants as either securely or insecurely attached based on responses during the semi-structured, Adult Attachment Interview (AAI; George et al., 1996). Within the AAI, participants are asked, for example, to reflect on their childhood experiences including care-giver responsiveness. Those participants classified as having an insecure attachment style showed reduced discrimination of the hedonic value of CT-targeted vs. non-CT targeted, faster velocity touch. The authors propose that the enhanced sensitivity of the securely attached group to the specific rewarding value of CT targeted touch derives from a social history of seeking comfort through proximity to others. Children of mothers who provide frequent affectionate touch are more likely to be securely attached than those experiencing low levels of tactile affection (Ainsworth, 1979; Egeland and Farber, 1984; Duhn, 2010; Feldman, 2011, 2012). A secure and reinforcing relationship with a primary caregiver is a key factor predicting positive outcomes for looked-after children (Cocker and Scott, 2006). Given attachment representations are formed during early care-giving experiences and remain relatively stable across the lifespan (Waters et al., 2000), it seems possible that attachment style would mediate the observed relationship between experiences of early nurturing touch and later life sensitivity to social-affective stimuli (Walker and McGlone, 2013; McGlone et al., 2014; Fotopoulou and Tsakiris, 2017), future work should address this question.

Heart-rate variability is a biomarker of self-regulation capacity, and low levels have been linked to anxiety and depression (Friedman and Thayer, 1998; Booij et al., 2006; Melzig et al., 2009; Pappens et al., 2014; Smith et al., 2017). Maternal touch is known to have a significant influence on the developing autonomic system (Hofer, 1994; Field et al., 1995; Van Puyvelde et al., 2019b). While, both skin-to-skin contact with their mother and stroking touch increase respiratory sinus arrhythmia (RSA), a component of HRV, in young infants (Van Puyvelde et al., 2015, 2019a,b), lack of parental support is known to lead to blunted RSA development (Field et al., 1995). To the best of our knowledge, differences in somatosensory processing in those raised in foster care have not previously been reported. While the outcomes of growing up in foster care are more positive than institutionalized care, it is still a significant risk factor for poor mental-health and social isolation in later life (Stein, 2006; Gypen et al., 2017; Atkinson and Hyde, 2019), suggesting self-regulatory deficits are apparent in this group too. The blunted affective touch ratings reported in the present study provide further support for the theory that CTs are one mechanism by which early nurturing contact supports the development of an infant’s physiological and emotional regulation (Craig, 2002; Björnsdotter et al., 2010; McGlone et al., 2017; Manzotti et al., 2019; Van Puyvelde et al., 2019b).

Though the findings from the present study offer novel insight into the relationship between social history and affective touch perception, there are several limitations which should be addressed in future work. Firstly, as group, care-experienced individuals are more likely to suffer from mental health conditions than the general population (Gypen et al., 2017). In the present study, we did not take measures of past or present mental health status so cannot determine how this relates to the observed effects. However, it is noteworthy that previous studies have reported blunted ratings of affective touch were not predicted by mental health diagnosis or current affective state (Croy et al., 2016a; Sailer and Ackerley, 2017). Secondly, those who are care-experienced are less likely to go onto higher education than the general population (Evans et al., 2017). Here, our control group was primarily university students while our care leavers were not. Differences in years of education could have contributed to the differences we observed between the two groups and should be addressed in future work. Due to limitations of time and resources, our group sizes are unbalanced. While, variances between the two groups are equal and our analysis can robustly account for such differences, it may have limited our power to detect effects (Rusticus and Lovato, 2014). Finally, while the consistency in our findings between the directly felt and vicarious touch studies adds weight to the present report, in the future comparing vicarious and directly felt touch across precisely the same body locations and velocities would be of interest.

In conclusion, while studies of the impact of early life experience on later life somatosensory functioning have focused on discriminative aspects of touch (Pinkernelle et al., 2009; Nevalainen et al., 2014; Seelke et al., 2016; Nephew et al., 2017), here, we report blunted responses specifically to affective touch in young adults who have experienced early life adversity and consequently spent time in foster care. While the neurobiological basis of the observed effect remains to be explored, neural networks underpinning social and emotional functioning, within which individual differences to CT targeted touch have previously been reported, offer promising avenues for future study (Voos et al., 2013; Kaiser et al., 2015; Brauer et al., 2016; Davidovic et al., 2018; Haggarty et al., 2020). The quality of early infant-caregiver interactions predicts a child’s attachment security, emotional reactivity, and self-regulation capacity (Anderson and Keim, 2016). While national guidelines state foster parents should provide nurturing contact, local guidelines are sometimes more equivocal, and anxiety that touch could be misinterpreted means carers often admit they are wary of showing physical affection (Narey and Owers, 2018). Thus, a better understanding of the neurobiological basis of the blunted affective touch ratings we report here would reinforce the importance of providing adequate affiliative touch and help guide policies and interventions which build resilience and mitigate risk of later life adverse consequences in a vulnerable group.
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The Effects of Intranasal Oxytocin on Neural and Behavioral Responses to Social Touch in the Form of Massage
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Manually-administered massage can potently increase endogenous oxytocin concentrations and neural activity in social cognition and reward regions and intranasal oxytocin can increase the pleasantness of social touch. In the present study, we investigated whether intranasal oxytocin modulates behavioral and neural responses to foot massage applied manually or by machine using a randomized placebo-controlled within-subject pharmaco-fMRI design. 46 male participants underwent blocks of massage of each type where they both received and imagined receiving the massage. Intranasal oxytocin significantly increased subjective pleasantness ratings of the manual but not the machine massage and neural responses in key regions involved in reward (orbitofrontal cortex, dorsal striatum and ventral tegmental area), social cognition (superior temporal sulcus and inferior parietal lobule), emotion and salience (amygdala and anterior cingulate and insula) and default mode networks (medial prefrontal cortex, parahippocampal gyrus, posterior cingulate, and precuneus) as well as a number of sensory and motor processing regions. Both neural and behavioral effects of oxytocin occurred independent of whether subjects thought the massage was applied by a male or female masseur. These findings support the importance of oxytocin for enhancing positive behavioral and neural responses to social touch in the form of manually administered massage and that a combination of intranasal oxytocin and massage may have therapeutic potential in autism.

Clinical Trials Registration: The Effects of Oxytocin on Social Touch; registration ID: NCT03278860; URL: https://clinicaltrials.gov/ct2/show/NCT03278860.
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INTRODUCTION

Although language-based communication plays a dominant role in human social interaction, interpersonal social touch is also important for helping to create and maintain social bonds through affective communication (Dunbar, 2010; Cascio et al., 2019). The sense of touch relies on the sensory and perceptual consequences of stimulation of low-threshold afferent fibers in the skin since these cutaneous afferents convey distinct sensory/perceptual qualities which are projected to different stimulus-specific neurons (McGlone et al., 2014). There are multiple types of nervous fibers that transmit cutaneous stimulation, including both fast conducting thick myelinated A-β afferents which subserve the discriminative perception of touch (i.e., the pressure, vibration, and texture) and thin unmyelinated low-conducting nerve receptors including C- and A-δ afferent fibers which are described as thermo-, noci- or chemoreceptive (Björnsdotter et al., 2010; McGlone et al., 2012, 2014; Takahashi et al., 2015). The low-threshold unmyelinated C-touch afferent fibers (or CT fibers), which selectively respond to gentle, slowly applied caress-like stroking on hairy skin (Ackerley et al., 2014; McGlone et al., 2014), are found to associate closely with pleasantness processing of social affective touch (Essick et al., 2010; Pawling et al., 2017) and increased activity in corresponding brain reward regions such as the orbitofrontal cortex (OFC) and other regions involved in social-affective processing such as the insula and the superior temporal sulcus (STS) (Olausson et al., 2010; Gordon et al., 2013; Björnsdotter et al., 2014; Croy et al., 2016; Morrison, 2016).

Tactile stimulation, particularly those via CT fiber afferents, have been proposed as cutaneous mediators for release of the hypothalamic neuropeptide oxytocin (OT) during social tactile interactions (Uvnäs-Moberg et al., 2015; Walker et al., 2017) and OT plays a key role in modulating social interactions and affective processing across species (Bartz et al., 2011; Kendrick et al., 2017). Tactile stimulation, including stroking, social grooming and social affective touch, have been found to facilitate OT release and thus increase the OT concentrations in blood, saliva, or urine across species (Mitsui et al., 2011; Schneiderman et al., 2012; Crockford et al., 2013; Uvnäs-Moberg et al., 2015; Vittner et al., 2018). More specifically, plasma OT levels in rats were increased dramatically when their backs or abdomen were gently stroked (Stock and Uvnäs-Moberg, 1988; Uvnäs-Moberg and Petersson, 2010). In humans, blood OT concentrations in post-partum mothers increase to some extent in response to skin-to-skin contact which involves several kinds of touch/stroking (also massage like hand movement on the mothers’ breast) during mother-infant interactions when a radioimmunoassay (RIA) is used (Matthiesen et al., 2001; Uvnäs-Moberg et al., 2015, 2020). Uvnäs-Moberg et al. (2020) also propose that skin-to-skin contact stimulates the activity in the oxytocinergic system and thereby reduces stress and promotes functions linked to restoration and growth of social interactive relationships. “Warm touch” between couples and affectionate touch during early stage of romantic relationships at a certain frequency can also increase plasma OT concentrations (see Light et al., 2005; Holt-Lunstad et al., 2008; Schneiderman et al., 2012). Furthermore, a number of studies have reported decreased basal OT concentrations in autism spectrum disorder, which is characterized by problems in social interaction and communication as well as altered tolerance of social touch (Kanner, 1943), and basal OT concentrations are negatively correlated with autistic symptom severity in both clinical and healthy populations (Parker et al., 2014; Taurines et al., 2014; Zhang et al., 2016).

Massage applied with a moderate pressure is also a pleasant form of affective touch and has great potential in therapeutic applications including reducing pain and stress and enhancing immune function, which may additionally activate non-C-type fibers as it has been shown to be related to the stimulation of pressure receptors under the skin (Field, 2010, 2019). Animal models have provided evidence that massage-like stroking to rats could produce an analgesic effect, with reduced blood pressure and cortisol levels (Agren et al., 1995). A study by Lund et al. (2002) which demonstrated this analgesic effect of massage-like treatments, also reported that it significantly increased plasma and periaqueductal OT levels. Furthermore, human studies have also shown that slow, moderate pressure massage can facilitate endogenous OT release (Morhenn et al., 2012; Li et al., 2019). More specifically, there is direct evidence showing that manually applied, moderate pressure massage of the top of the foot can increase plasma OT concentrations in men and that only massage by hand, as opposed to by machine, increases activity in key brain regions involved in processing hedonic values (OFC) and social cognition (STS) aspects of affective touch (Li et al., 2019). Preliminary clinical evidence for massage-evoked increases in OT concentrations has also been reported in autistic children (Tsuji et al., 2015). Thus social touch, especially administered as massage, can be effective as a non-invasive strategy for enhancing endogenous OT release and therefore of potential therapeutic benefit in autism and other psychiatric disorders exhibiting social dysfunction and reduced basal OT levels.

While previous studies have demonstrated a close association between OT release and massage, none to date have directly examined the modulatory effects of exogenous OT administration on behavioral and neural responses to it. Scheele et al. (2014a) have reported that intranasal administration of OT increased perceived pleasantness and activation of the OFC and insula in response to positive social touch applied to the leg in Caucasian male subjects. This facilitatory effect of OT on social touch was highly context-dependent, however, and only occurred when the male subjects thought the touch was administered by a female and not by a male (Scheele et al., 2014a). A subsequent study in the context of romantic relationships found similar effects of OT only when subjects thought the touch was applied by their partner and not by an unfamiliar person of the opposite sex (Kreuder et al., 2017). By further excluding social intention and relationship context, a more recent study using well-controlled CT-targeted affective touch with different valences has revealed a general effect of intranasal OT on increasing both the perceived pleasantness of touch and OFC activation independent of touch valence (Chen et al., 2020). Thus, we hypothesized that intranasal administration of OT would enhance the perceived pleasantness of massage, and associated brain reward responses, independent of who administers the massage, since subjects are mainly responding to the hedonic properties of being touched manually independent of the identity of the person administering it.

The current study therefore investigated whether intranasal OT would modulate behavioral and neural responses to CT-targeted massage of the foot using a within subject pharmaco-functional MRI combined approach in healthy subjects. Social (manual) compared with machine administered massage were used to test whether effects of OT were social-context dependent. Based on the bio-informational theory proposed by Lang (1977, 1979), mental imagery can evoke similar responses to real interaction with a stimulus and can be used as a therapeutic strategy. Subsequent studies have revealed similar emotional and neural responses in imagined and real interactions with emotional stimuli (Kim et al., 2007; Costa et al., 2010; Lewis et al., 2013; Ji et al., 2016). In addition to core regions of the touch processing network overlap with the “mirror neuron” system (notably the insula and STS) which responds equivalently to real and imagined stimuli (Rizzolatti and Fabbri-Destro, 2008), and a recent study in humans has reported that parietal cortex neurons can respond equivalently to both real and imagined touch (Chivukula et al., 2020). We therefore additionally included imagined massage in the two conditions (imagined manual versus imagined machine massage). We anticipated that this would provide proof-of-concept evidence for the feasibility of using imagined massage as a self-administered substitute for real massage in possible future therapeutic applications. Additionally, blood samples were taken to measure basal plasma OT concentrations and autistic traits were measured using the Autism Spectrum Quotient (ASQ – Baron-Cohen et al., 2001) to investigate their respective associations with effects of intranasal OT on individual responses to massage. Based on the demonstrated facilitatory effects of OT on social and affective touch (Scheele et al., 2014a; Chen et al., 2020) and previous findings that manual massage increased OT release (Morhenn et al., 2012; Li et al., 2019), we hypothesized that intranasal OT would significantly increase the perceived pleasantness and corresponding activity in brain regions associated with social touch processing in response to real or imagined massage administered manually but not by machine. Given the negative correlations between OT-induced behavioral and neural effects to touch and autistic traits and the negative correlations between massage-evoked OT concentration changes and autistic traits (Scheele et al., 2014a; Li et al., 2019), we additionally hypothesized that OT-induced responses to massage would be associated with basal OT concentrations in the blood and trait autism.



MATERIALS AND METHODS


Participants and Procedures

50 healthy male subjects (mean age = 21.22 years old, sd = 2.77) participated in the present study. Exclusion criteria consisted of any psychiatric/physical disorders, alcohol/substance abuse, or other major health concern. Written informed consent was obtained from all subjects before the experiment. All procedures in the study were approved by the local ethics committee at the University of Electronic Science and Technology of China and were in line with the latest revision of the declaration of Helsinki. Four subjects were excluded due to excessive head movement (>3 mm) in either one or both of the scanning sessions. Thus, data from a final total of 46 subjects were analyzed.



Blood Samples and OT Assay

Blood sample collection and OT assay methods were as previously described (Li et al., 2019). Briefly, before the treatment, blood samples (6 ml) were collected from all subjects by venipuncture for measurement of basal OT concentrations in plasma using a commercial ELISA (Cayman Chemical, Ann Arbor, MI, United States Kit 500440). Samples were analyzed in triplicate and a standard prior extraction step was performed in accordance with the manufacturers recommended protocol and spiked samples (with 100 pg/ml OT added) were included with every assay to calculate extraction efficiency which was 96%. The extraction step incorporated a twofold concentration of samples using a vacuum concentrator (Concentrator plus, Eppendorf, Germany) resulting in a detection sensitivity of 3 pg/ml. All samples had detectable concentrations. The intra- and inter-assay coefficients of variation were 6 and 8%, respectively. The manufacturer’s reported cross-reactivity of the antibody with related neuropeptides, such as vasopressin and vasotocin, is <0.01%.



Questionnaire Assessments of Behavioral Traits and Mood

Subjects were asked to complete Chinese versions of validated questionnaires on personality, traits, attitude toward interpersonal touch and sensitivity to reward. Personality trait measures included the Beck Depression Inventory II (BDI-II) (Beck et al., 1996), the State-Trait Anxiety Inventory (STAI) (Spielberger et al., 1983), the Autism Spectrum Quotient (ASQ) (Baron-Cohen et al., 2001), the Liebowitz Social Anxiety Scale (LSAS) (Heimberg et al., 1999) and the Empathy Quotient (EQ) (Baron-Cohen and Wheelwright, 2004). The Social Touch Questionnaire (STQ) (Wilhelm et al., 2001) and the Sensitivity to Punishment and Sensitivity to Reward Questionnaire (SPSRQ) (Torrubia et al., 2001) were used to assess individual sensitivity to touch and reward and sensory responsivity was assessed by the Sensory Over-Responsivity (SensOR) Scales (Schoen et al., 2008). To control for potentially confounding effects of OT on mood, all subjects completed the Positive and Negative Affect Schedule (PANAS) (Watson et al., 1988) immediately before and 35 min after the treatment. Additionally, the PANAS was administered after each type of massage to measure the influence of massage on mood. After completing all the questionnaires, participants were asked to wash their feet before the massage experiment in the scanner. Following a randomized, double-blind, placebo-controlled within-subject design, subjects underwent two fMRI assessments (with an interval >2 weeks) and were randomly assigned to receive either the intranasal OT (24 IU; Oxytocin Spray, Sichuan Meike Pharmaceutical Co. Ltd., China) or placebo (PLC, identical ingredients except the peptide – i.e., glycerine and sodium chloride) administration. Treatment-order was counterbalanced and subjects were unable to guess better than chance whether they had received OT or PLC (χ2 = 0.77, P = 0.38).



Experimental Design

The massage task started 45 min after the nasal spray administration in line with evidence for the time course of OT effects (Paloyelis et al., 2016; Spengler et al., 2017). A professional masseur blinded to the research aim was trained by the experimenter to keep the velocity and pressure of massage as constant as possible during the experiment. The task was composed of 4 massage conditions: social (manual), imagined social, machine (administered via boots) and imagined machine massage. Participants were informed that a male masseur or a female masseuse would be randomly assigned in the MRI room to deliver the foot massage in the manual massage condition (in reality the massage was always given by the same male masseur), and that the machine massage was applied by a commercial foot massage machine which involved them wearing boots on each foot. All subjects reported that they had no preference for the gender of the masseur during the telephone interview before being recruited in the study. Since the electric foot massage boot machines were not magnetic resonance imaging compatible, the masseur was trained to apply massage to them in a mechanical way to imitate the machine-based massage and to apply it with approximately the same force and velocity as the manual massage. In post-scan interviews, subjects all believed that the machine massage was indeed administered by a machine and not by a person. In the imagined massage conditions, subjects were asked to try their best to imagine they were receiving manually delivered massage by the masseur (imagined manual massage) or machine massage (imagined machine massage).

There were two functional runs in the massage task (12.5 min for each run). In the manual massage run, there were 12 blocks of manual massage and 12 blocks of imagined manual massage with each block lasting for 20 s. Each manual massage block was followed by an imagined manual massage block alternating with a rest period of 10 s. In the machine massage run, there were also 12 machine massage blocks and 12 imagined machine massage blocks with each block lasting for 20 s. Each machine massage block was followed by an imagined machine massage block alternating with a 10 s rest (Figure 1). We chose a design where subjects were required to imagine being massaged immediately after they had received a real massage in order to make it easier for them to be able to imagine the experience accurately. The order of manual and machine massage runs was counterbalanced across subjects. Massage was delivered on both feet simultaneously to control for possible preferences for left or right and more importantly to induce bilateral neural responses. Note that the massage used in the present study is relatively different from the clinical massage which is usually applied in a more continuous way and is sometimes combined with the use of massage oil (see Espí-López et al., 2016; Nasiri et al., 2016; Perlman et al., 2019). The current experimental design of massage application was primarily intended to demonstrate detailed effects of OT on massage-evoked changes in brain and behavior before establishing a potentially clinically applicable protocol. The use of short periods of massage alternating with periods of rest allowed us to conduct an event-related fMRI analysis where we could have repeated observations of the neural effects of massage during each run. This repetition thereby increases confidence in the overall findings compared with a single long period of continuous massage. Although foot massage may be not used often in western cultures, this type of massage regimen is very common and popular in China and other Asian cultures. We also chose to use foot massage in the current study since it is more feasible to apply massage simultaneously to both feet while subjects lay within the MRI scanner and because of our previous findings that foot massage can increase oxytocin concentrations in blood as well as neural responses in the OFC and STS using a similar paradigm to the present study (Li et al., 2019).
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FIGURE 1. Sequence of the massage task.


During the scanning, cues indicating massage conditions were presented on the screen to inform to the participant which type of massage they would receive. Subjects were instructed to lie in the scanner quietly and focus on the applied massage. Immediately after each run, subjects completed the PANAS again and then answered the following four questions about the massage: (1) How pleasant did you feel the massage was? (1 = extremely unpleasant, 9 = extremely pleasant). (2) How much did the massage arouse you? (1 = drowsy and unresponsive, 9 = very aroused). (3) How intense was the massage? (1 = extremely light, 9 = extremely strong) and (4) How much would you be willing to pay if you had to pay for the massage? Please choose from 1 to 100 (1 = 1 RMB, 9 = 100 RMB). Massage periods and types were indicated to the masseur simultaneously by a second monitor. The entire opening of the scanner was covered with a blanket so that subjects could not see their feet or the masseur. After scanning, participants were asked to guess whether the manual massage was applied by a male or female professional masseur to control for possible sex-dependent effects.



fMRI Image Acquisition and Data Analyses

A 3.0 Tesla GE Discovery MR750 system (General Electric Medical System, Milwaukee, WI, United States) was used to obtain T2∗-weighted echo-planar pulse sequence (TR = 2,000 ms, TE = 30 ms, slices: 43, slice thickness: 3.2 mm, field of view: 220 mm × 220 mm, matrix size: 64 × 64, flip angle: 90°). In addition, high revolution T1-weighted anatomical images were acquired obliquely with a 3D spoiled gradient echo pulse sequence (TR = 6 ms, TE = minimum, slices: 156, slice thickness: 1 mm, field of view: 256 mm × 256 mm, matrix size: 256 × 256, flip angle: 12°). Images were processed using SPM12 software (Wellcome Department of Cognitive Neurology, London1) (Friston et al., 1994). The first five functional volumes were discarded to achieve magnet-steady images. Images were corrected for head movement using the 6-parameter rigid body algorithm. After co-registering the mean functional image and the T1 image, the T1 image was segmented to determine the parameters for normalizing the functional images to the Montreal Neurological Institute (MNI) space. The normalized images were finally spatially smoothed using a Gaussian kernel (8 mm full-width at half maximum).

The first level design matrix included 6 regressors (real manual massage, imagined manual massage, real machine massage, imagined machine massage, the rest before the real massage and before the imagined massage) and the six head-motion parameters convolved with the canonical hemodynamic response function as confounding variables. Contrast images for each condition minus the rest and combined social/machine massage (real and imagined) minus the rest were created for the OT and PLC sessions separately. Only the rest period before the real massage was used as the control condition to avoid possible confounding effects of carry-over from the real massage. On the second level, one sample T-tests on corresponding contrasts were used to test massage-specific effects and paired T-tests were used to compare treatment differences. A significance threshold of P < 0.025 false discovery rate (FDR) corrected at peak level was set for multiple comparisons for whole brain level analyses. Parameter estimates were extracted for each subject from a 6-mm sphere centered at the maximum t-value of treatment differences to plot and calculate associations between OT-induced neural effects and basal OT concentrations and trait autism using the Pearson correlation.



RESULTS


Questionnaires

Questionnaire scores are reported in Supplementary Table 1. All subjects’ scores on anxiety, depression and social anxiety were within the normal range. To explore whether intranasal OT treatment and massage had effects on personal mood, we analyzed individual self-reported mood scores measured by the PANAS. Comparison of pre- and post-treatment PANAS scores revealed no significant influence of treatment per se on either positive (p = 0.408) or negative mood scores (p = 0.09). However, OT treatment significantly increased positive mood ratings after receiving the manual massage relative to the machine massage (p = 0.006), but not after PLC treatment (p = 0.07, see Figure 2). After the manual massage when subjects had received OT treatment they had significantly higher positive mood scores compared after PLC treatment (p = 0.015, see Figure 2) (details see Supplementary Materials). This may indicate that under OT subjects generally experienced a more positive mood following the manual but not the machine massage.
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FIGURE 2. Positive and Negative Affect Schedule scores. Individual (A) positive and (B) negative mood scores before (T1), 35 min after (T2) intranasal treatment and also immediately after the manual massage (T3) as well as after the machine massage (T4) with oxytocin (OT) or placebo (PLC) in the MRI scanner. The order of the massage runs was counterbalanced. *p < 0.05, **p < 0.01.




Behavioral and Neural Responses to Massage Under PLC

In order to investigate the general effect of massage on behavioral and neural response to real and imagined massage given manually or by machine, we first analyzed the data from the 46 subjects under PLC treatment before subsequently investigating the effects of OT. Under PLC, subjects rated manual as opposed to machine massage as more pleasant (mean ± SEM of rating scores: manual = 6.00 ± 0.19 vs. machine = 5.28 ± 0.23; t45 = −2.726, p = 0.009), arousing (manual = 5.65 ± 0.21 vs. machine = 4.35 ± 0.20; t45 = −5.132, p < 0.001) and intense (pressure) (manual = 5.63 ± 0.19 vs. machine = 4.48 ± 0.16; t45 = −4.709, p < 0.001). Subjects were also willing to pay more for the manual than the machine massage (manual = 5.57 ± 0.28 vs. machine = 3.67 ± 0.25; t45 = −6.203; p < 0.001). We also explored whether the perceived gender of the masseur would influence ratings of the massage. Based on the post-scanning interview, a total of 24 subjects reported that they thought they had received the massage from a male and 22 from a female, demonstrating clearly that they were unable to guess the gender accurately (χ2 = 0.09, p = 0.77). Pleasantness ratings did not differ significantly between subjects who thought the manual massage was given by a male or by a female (t44 = −1.416, p = 0.164).

At the neural level, a whole brain level analysis revealed that the only significant differences in responses to real as opposed to imagined manual massage were mainly in motor control regions (paracentral lobe, pre- and post-central gyrus, cerebellum and supplementary motor area) but not in the social touch processing networks. A similar pattern was seen between difference of the real and imagined machine massage (see Table 1). Thus imagined manual massage may induce similar neural responses to the real manual massage. To increase statistical power, we therefore combined the real and imagined massage conditions. A whole brain analysis on the combined real and imagined manual massage under PLC also revealed increased activation in the somatosensory and motor regions (cerebellum, paracentral lobule, pre-central gyrus, post-central gyrus and supplementary motor area, supramarginal gyrus) as well as the in social cognition (the STS, inferior parietal lobule) and visual areas (lingual gyrus) (see Table 2). For the combined real and imagined machine massage, there was also increased activation in the somatosensory and motor regions (paracentral lobe, post-central gyrus, cerebellum) as well as in the posterior default mode network (precuneus) and visual processing regions (fusiform gyrus) (see Table 2). Comparisons at the whole brain level between combined real and imagined massage given manually or by machine revealed that manual massage produced significantly greater activation in brain reward (the OFC), salience (anterior cingulate cortex-ACC and anterior insula-AI) and social cognition (STS) regions, as well as in the medial and lateral prefrontal cortex (mPFC and lPFC), default mode and attentional networks and motor regions (cerebellum) (see Table 2).


TABLE 1. Whole brain neural responses to real and imagined massage under PLC.
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TABLE 2. Neural responses to combined manual massage andcombined machine massage under PLC.
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The Effects of Intranasal OT on Behavioral and Neural Responses to Massage

Repeated-measure analysis of variance (ANOVA) of rating scores for manual and machine massage revealed a significant main effect of massage type [F(1,45) = 21.50, p < 0.001, η2 = 0.32] with subjects rating manual massage (6.23 ± 0.16) more pleasant than machine massage (5.15 ± 0.20) (p < 0.001) and a significant interaction between massage type and treatment [F(1,45) = 5.81, p = 0.02, η2 = 0.11]. The post hoc Bonferroni corrected analysis showed that OT significantly increased pleasantness ratings for manual (p = 0.008) but not for machine (p = 0.220) massage. No significant effects of OT were found for arousal (all ps > 0.265) or intensity (all ps > 0.759) ratings, or for ratings of how much subjects were willing to pay (all ps > 0.667) for either manual or machine massage (see Figure 3). Thus, OT selectively increased pleasantness ratings for manually administered massage compared with PLC.
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FIGURE 3. Behavioral ratings of (A) manually administered massage and (B) machine administered massage under oxytocin (OT) and placebo (PLC). Histograms show mean ± SEM rating scores for pleasantness, arousal, intensity and payment willingness for each massage condition. Error bars show standard errors. **p < 0.01.


OT administration had no significant effect on subjects’ perception of the gender of the person giving the massage (28 males vs. 18 females under OT compared with 24 males vs. 22 females under PLC) (Chi square = 0.71, p = 0.40). Overall, effects of OT on increased pleasantness ratings were similar irrespective of whether subjects thought the massage was administered by a male or female (mean ± SEM for male: PLC = 5.75 ± 0.29 and OT 6.32 ± 0.25; for female: PLC = 6.27 ± 0.22 and OT = 6.67 ± 0.23).

At the neural level, the whole brain analysis revealed that OT relative to PLC treatment increased responses in an extensive network of regions during combined real and imagined manual massage, but not to machine massage. These included brain reward (the OFC, dorsal striatum and ventral tegmental area), salience (the dACC and anterior and posterior insula), default mode (the mPFC, posterior cingulate cortex, precuneus and parahippocampal gyrus), emotion and memory (amygdala, hippocampus), social cognition (the superior and medial temporal regions and inferior parietal lobule) and visual (cuneus, fusiform gyrus and occipital gyrus) and somatosensory/motor processing regions (post-central gyrus, cerebellum) (see Table 3 and Figure 4).


TABLE 3. Significant effects of OT on neural activations inresponse to combined real and imagined massage by hand atwhole brain level.
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FIGURE 4. Increased brain activity induced by OT in response to combined real and imagined manually administered massage. Statistical maps are displayed with a threshold of P < 0.025, FDR corrected.




Correlations Between Neural Responses to Manual Massage and Behavioral Ratings, Trait Autism and Basal Plasma OT Concentrations

Under PLC, there were significant correlations between neural responses and pleasantness ratings for combined real and imagined manual massage for the left posterior insula (r = 0.30, p = 0.04), right amygdala (r = 0.38, p = 0.009), right fusiform gyrus (r = 0.37, p = 0.01) and right medial temporal gyrus (r = 0.31, p = 0.03). This positive correlation with pleasantness ratings was also found for the right amygdala under OT (r = 0.32, p = 0.03). There were also significant positive associations between neural activity and how much subjects rated they were prepared to pay for the manual massage under PLC in regions including the left posterior insula (r = 0.32, p = 0.03), left AI (r = 0.30, p = 0.04) and right dorsal striatum (r = 0.29, p = 0.05). Moreover, basal OT concentrations (mean ± SEM: 15.59 ± 0.96 pg/ml) were significantly negatively associated with the right hippocampus activity under PLC (r = −0.31, p = 0.04) and the autistic trait score (Total ASQ, r = 0.373, p = 0.011).

Given the within-subject design, correlations of treatment effects were tested using difference scores between OT and PLC treatments (i.e., OT-PLC). At the behavioral level, the treatment difference of amount of money subjects were willing to pay for the manual massage was found to be negatively correlated with the total ASQ scores (r = −0.30, p = 0.047). At the neural level, for the left precuneus there was a positive correlation with the total ASQ score (r = 0.31, p = 0.04), indicating that individuals with higher trait autism showed greater effects of OT administration.

Results also revealed that individual sensory responsivity modulated OT’s enhanced effects on neural responses to manual massage as the brain activity difference in cerebellum (r = −0.32, p = 0.03) and thalamus (r = −0.31, p = 0.04) was significantly negatively correlated with total scores of the SensOR Scales and the treatment difference of neural response in right STS (r = −0.38, p = 0.01), left (r = −0.35, p = 0.02) and right dorsal striatum (r = −0.34, p = 0.02) to manual massage also negatively associated with the scores of the tactile subscale of the SensOR Scales. Additionally, correlation analysis showed that the treatment difference in response to manual massage in the right ventral tegmental area (r = 0.31, p = 0.03), right cerebellum (r = 0.30, p = 0.03), right hippocampus (r = 0.34, p = 0.03), and right post-central gyrus (r = 0.32, p = 0.03) was positively correlated with basal OT concentrations. No other significant differences were observed for correlation measures between neural response to manual massage and behavioral ratings, autism trait or social touch scores or basal OT concentrations.



DISCUSSION

In the current study, we investigated whether intranasal OT modulates behavioral and neural responses to social touch administered as manually administered foot massage as opposed to impersonal machine-administered massage. Subjects underwent blocks of massage of each type and during the task they received the real massage and subsequently also imagined it. Under PLC, at the whole brain level manual massage evoked extensive activation changes in brain regions associated with affective touch processing, reward and social cognition as well as motor control regions. Similar patterns of activation changes occurred during imagined manual massage with the exception of an absence of activations in motor control regions (postcentral gyrus and cerebellum). The same general difference was observed in responses to imagined compared with real machine massage. Manual massage produced significantly greater responses than machine massage in regions particularly associated with processing social touch (including the OFC, ACC, insula, and STS). As hypothesized, intranasal OT significantly increased subjective pleasantness ratings of the manual but not machine massage. At the whole brain level OT evoked extensive increased neural responses to combined real and imagined manual massage, but not to machine massage, in key regions involved in reward (OFC, dorsal striatum and ventral tegmental area), social cognition (STS and inferior parietal lobule) and emotional and salience (amygdala, ACC and insula), visual (fusiform gyrus and occipital cortex), auditory (medial temporal gyrus) processing as well as in the default mode network (mPFC, parahippocampal gyrus, posterior cingulate and precuneus) and some sensorimotor regions (cerebellum and pre- and post-central gyrus). Altered activation of the amygdala in both OT and PLC treatment conditions showed positive association with pleasantness ratings. There were relatively few significant associations between trait autism and neural responses to manual massage (only precuneus) but we confirmed our previous findings (Li et al., 2019) for a negative association between autistic traits and basal plasma concentrations of OT.


Behavioral and Neural Responses to Manual and Machine Administered Massage Under PLC

Under PLC, subjects rated machine administered massage as significantly less pleasurable and were willing to pay less for it, which was not significantly influenced by whether they thought the masseur was a female or a male. This replicated our findings from a previous experiment in Chinese male subjects (Li et al., 2019) but was in contrast to observations in male Caucasian subjects responding to social affective touch where pleasure ratings were much lower if they thought a man was touching them (Scheele et al., 2014a; Ellingsen et al., 2016). This presumably reflects cultural differences since massage is routinely administered by both males and females in China and all our subjects indicated prior to the experiment that they were happy to be massaged by either a male or a female.

At the neural level, we first examined whether imagined massage was as effective as real massage and found that patterns of neural responses when subjects simply imagined receiving either manual or machine administered foot massage differed significantly from real massage at the whole brain level only in two main motor control regions, the post-central gyrus and cerebellum under PLC. This emphasized both how good subjects were at imagining being massaged and that stronger activation of motor control regions during real massage should mainly reflect movement of the foot and leg due to the massage force being exerted on them. Our finding is consistent with a growing number of studies supporting Lang’s Bio-informational theory which demonstrated that similar emotional and neural responses occur during imagined and real interactions with emotional stimuli (Kim et al., 2007; Costa et al., 2010; Lewis et al., 2013; Ji et al., 2016). Further support can also be found in a more recent single neuron recording case-study in humans reporting that parietal cortex neurons can respond equivalently to both real and imagined touch (Chivukula et al., 2020). Mental imagery has also been used in clinical contexts as a means of facilitating behavioral fear extinction combined with exposure therapy (see Ji et al., 2016; Mertens et al., 2020) and recovery of motor control in Parkinson’s disease (Caligiore et al., 2017). Based on previous findings that massage, including the ones applied on foot, can facilitate endogenous OT release (Morhenn et al., 2012; Li et al., 2019), our current pilot findings that imagined massage evoked similar responses to real massage suggest that it may be a potential future therapeutic strategy for inducing changes in neural systems responding to social touch and evoking associated OT release. Furthermore, hypnosis can facilitate sensory imagery perhaps by reducing inhibitory control (Case et al., 2015) and the combination of hypnosis and imagery has been widely used in immune control (Gruzelier, 2002), surgical anxiety reduction (Hammond, 2010; Vagnoli et al., 2019), postoperative recovery (Lambert, 1996) and motor training (Torem, 1992; Newmark and Bogacki, 2005). Thus a combination of imagined massage and hypnosis may be a more promising strategy in clinical application, although future studies are needed to uncover the detailed behavioral effects and the underlying neural substrates.

To increase statistical power, we therefore combined the real and imagined massage conditions in the following analyses. Combined real and imagined manually administered massage evoked extensive responses in a number of brain regions associated with positive affective touch (see Gordon et al., 2013; Kaiser et al., 2016; Sailer et al., 2016), including those involved in sensorimotor (cerebellum, paracentral lobule, postcentral gyrus and supplementary motor area), social cognition (inferior parietal lobule and STS) and visual processing (lingual gyrus). On the other hand, combined real and imagined machine massage primarily increased responses in sensorimotor processing regions. Contrary to expectation under PLC combined manual massage did not produce significantly increased responses in brain reward or salience processing regions. This is in line with a previous study reporting effects of Swedish foot massage (Sliz et al., 2012) although it contrasts with our previous ROI-based fNIRS study (Li et al., 2019), which may reflect the fact that subjects found massage in the MRI scanner environment less pleasurable than in a quiet comfortable room. Furthermore, in contrast to machine massage, manual massage produced significantly greater activation in regions of the affective touch networks involved in rewarding and salience aspects of massage (the OFC, ACC, and AI) as well as in social cognition (the STS). This is also in accordance with the behavioral findings that subjects found manual massage significantly more pleasant, arousing and intense than machine massage and were willing to pay more for it. In general agreement with Li et al. (2019), the stronger STS activation may reflect the more social nature of manual massage and indicates a potential psychological influence. Posterior superior temporal region responses are predictive of the pleasantness of stroking the skin (Davidovic et al., 2016) and tactile stimulation which does not involve being stroked by another person (i.e., administered using some kind of device) does not activate the posterior STS (Sliz et al., 2012; Perini and Olausson, 2015).

It should be noted that although we tried to make the manual and machine massages similar it is possible that differences between them could have contributed to our current findings. While in the current study when subjects received the machine massage they rated its intensity less and were less aroused than with the manual massage, this is unlikely to have had a major influence on observed differences in neural responses since in our previous fNIRS study where intensity and arousal effects of the different massages were equivalent we also found similar differences (Li et al., 2019). The machine massage protocol primarily applied rhythmic pressure to the foot which would be expected to target both CT- and A-β fibers, however, the manual massage additionally involved skin to skin contact and probably greater stimulation of CT-fibers as a result of touching even though the skin was not deliberately caressed. Some support for such a differential stimulation of CT-fibers by the different types of massage is indicated by our previous findings that both manual and machine administered massage evoked OT-release although that following manual massage was significantly greater (Li et al., 2019). It has been proposed that OT-release is primarily evoked following stimulation of CT-fibers (Uvnäs-Moberg et al., 2015; Walker et al., 2017). Thus, it is possible that other forms of machine administered massage which can stimulate CT-fibers more potently might produce neural and behavioral responses more akin to those observed following manual massage.



Effects of Intranasal OT on Behavioral and Neural Responses to Massage

In line with previous social/affective touch studies (Scheele et al., 2014a; Chen et al., 2020), we found that intranasal OT administration increased ratings of pleasantness for manual massage. However, in contrast to Scheele et al. (2014a), but in line with those in our previous study (Li et al., 2019), we found no evidence for any modulatory effect of what sex the subjects thought the masseur was, which may reflect cultural differences as already discussed. There were no effects of OT on subjects’ arousal or intensity ratings for manual massage or how much they would pay for it and no effects on any behavioral ratings for machine administered massage. Subjects also reported a significant increase in their positive mood score after receiving the manual massage under OT but not PLC, which further supports the observation that intranasal OT appears to enhance the perceived pleasantness of manual massage. Another previous study has failed to find any effect of intranasal OT on the perceived pleasantness of short periods of light touch on the arm administered by either a person or a machine, which could be due to confounding effects from simultaneously being presented with emotional face stimuli (Ellingsen et al., 2014).

Intranasal OT increased responses to combined real and imagined manual massage in a widely distributed network, including all the regions previously reported to respond to social touch (Rolls et al., 2003; Rolls, 2010; Gordon et al., 2013; Ellingsen et al., 2016; Kaiser et al., 2016). This was in marked contrast to combined real and imagined machine massage where it produced no significant changes at all at the whole brain level. Not only were neural responses significantly increased in the OFC, AI and ACC, in line with a previous study on Caucasian males touched on their leg by an unseen female (Scheele et al., 2014a) and a study on Chinese males touched on their arm (Chen et al., 2020), but also in a far more extensive network of regions involved in attention, emotion, reward, salience, social cognition, sensorimotor and visual processing.

In addition to enhanced responses in the orbitofrontal reward network, we also found that OT increased activation in the dorsal striatum and ventral tegmental reward regions similar to previous studies reporting this in the context of facilitated learning during social feedback (Hu et al., 2015), increased responses to social reward (Groppe et al., 2013) and increased attractiveness ratings for faces of romantic partners (Scheele et al., 2013). The dorsal ACC and posterior insula also showed increased responses to combined manual massage following OT, in agreement with a previous study (Scheele et al., 2014a). The posterior insula is the main recipient of inputs from skin CT fibers conveying signals from affective touch stimulation (Olausson et al., 2002; McGlone et al., 2014) and thus OT appears to be increasing the response to these signals at an early stage of brain processing. As a core hub of the salience network (Uddin, 2015; Uddin et al., 2017) and emotion processing (Craig, 2009; Kurth et al., 2010; Lamm and Singer, 2010; Koban and Pourtois, 2014), the insula has been shown to involve the modulatory effects of OT on social salience processing in a number of social tasks (Riem et al., 2011; Striepens et al., 2012; Yao et al., 2018a, b). The dorsal ACC is also a key component of the salience network which responds to affective touch (Gordon et al., 2013) and may encode pleasant skin to skin touch (Rolls et al., 2003; Lindgren et al., 2012).

As the ACC, insula and OFC are functionally connected (Cauda et al., 2011), OT may be influencing this circuitry to produce a heightened sense of both the salience of the manual massage experience and self-awareness of its effects. Indeed, OT increased responses to manual massage in parts of the default mode network (mPFC, precuneus and posterior cingulate cortex) which are involved in self-consciousness and self-referential processing and thereby contribute to heightened self-awareness. Several previous studies have reported that intranasal OT administration can reduce self-awareness with reduced activation in the medial frontal cortex (Zhao et al., 2016, 2017) and focus on interoceptive cues in favor of greater awareness of others or salient external social cues when altering responses in the AI and its coupling with the posterior insula (Yao et al., 2018a). On the other hand, OT can also increase selfish behavior in other contexts with no immediate external distractors (Scheele et al., 2014b; Xu et al., 2019; Sindermann et al., 2020). Thus, in the context of receiving manual massage by an unseen masseur, and where there are therefore no salient external social cues, it may serve to heighten both awareness of self and interoceptive orientation and the resultant level of pleasure experienced.

The amygdala also exhibited increased responses to combined real and imagined manual massage following OT treatment and its activation was positively associated with pleasantness ratings under both OT and PLC. A previous study has reported that pleasant touch targeting CT fibers can activate the amygdala (Voos et al., 2013) and the amygdala is one of the key brain regions modulated by intranasal OT treatment (see Kendrick et al., 2017). While much of the focus on OT modulation of amygdala responses has been in the context of negative emotional stimuli (Kendrick et al., 2017), it can also enhance its responses to positive social ones (Gamer et al., 2010; Gao et al., 2016). Thus in the context of pleasant touch, the increased amygdala activity may reflect a positive emotional representation associated with enhanced pleasantness.

The superior temporal region and inferior parietal lobule are key components of the mirror neuron system as well as for social cognition, therefore the finding that OT enhances their response to combined manual massage together with in frontal (inferior frontal gyrus and insula) and sensorimotor components (pre- and post-central gyrus) of the mirror neuron system indicates a mechanism whereby it could modulate empathy, imitation, language, self-other distinction and theory of mind (Keysers et al., 2018). Furthermore, components of the mirror neuron system influencing these behaviors have been reported to be dysfunctional in both autism spectrum disorder and schizophrenia (see Minichino and Cadenhead, 2017).

Intranasal OT also increased responses to massage in a number of primary and association auditory and visual cortical processing regions as well as the thalamus. There is increasing evidence for integration between visual and tactile processing in the brain, with studies reporting that tactile stimulation evokes responses in visual processing regions (see Lacey and Sathian, 2016), which may be important for multisensory object recognition and reflect touch-evoked complimentary visual imagery. Supporting evidence for this visuo-tactile integration is provided by the “rubber hand illusion” (see Lacey and Sathian, 2016) with autistic individuals being less susceptible to this illusion implying impaired visuo-tactile integration (Cascio et al., 2012), and concentrations of OT in saliva being correlated with the strength of this illusion in healthy subjects (Ide and Wada, 2017).



Associations Between Behavioral and Neural Responses to Massage and Autistic Traits and Basal OT Concentrations

In the current study, unlike our previous fNIRS study (Li et al., 2019) and an intranasal OT study (Scheele et al., 2014a), we did not find any association between OFC responses to manual massage and trait autism or STQ scores either under PLC or OT. Decreased OFC activation in autistic subjects has been reported in response to affective touch (Kaiser et al., 2016), as well as in healthy subjects with higher trait autism (Voos et al., 2013). However, we did observe that the difference in activation of the right precuneus between OT and PLC treatments was positively associated with ASQ scores, indicating that this region which is important for self-other distinction (Cabanis et al., 2013; Zhao et al., 2016) was more strongly influenced by OT in individuals with higher trait autism during manual massage.

Manual massage evoked responses in both the insula and other brain reward regions such as the dorsal striatum were significantly associated with either pleasure ratings and/or with how much subjects were willing to pay for the massage, indicating that these regions are closely associated with the rewarding value of massage. However, no significant associations were found between behavioral responses to manual massage and ASQ scores and basal OT concentrations in the current study, although we confirmed our observation in the previous study (Li et al., 2019) that they were negatively associated with the ASQ scores. This inconsistency may be due to differences between perceived massage pleasantness in the MRI scanner environment and in a quiet comfortable room as already discussed.

As in our previous study (Li et al., 2019) we found no associations between basal plasma OT concentrations and pleasantness ratings. In the current study for neural responses to combined manual massage there was a significant positive association between basal OT concentrations and the increased effects of OT on activation in the right ventral tegmentum, hippocampus, post-central gyrus and cerebellum. This provides some evidence that reward and sensorimotor effects of intranasal OT may be strongest in individuals with higher basal plasma concentrations, although it should be emphasized that the majority of regions responding to OT did not show this association. We were unable to take blood samples from subjects in the MRI scanner to assess massage-evoked changes following OT or PLC treatment to assess possible correlations with behavioral or neural changes. However, in our previous fNIRS study where we could do this we found no significant associations and so it is likely the same would have been the case in the current study. This may possibly reflect the fact that OT concentrations are measured at a single time point whereas massage is administered over a long period and/or that increases in OT influence neural responses to massage indirectly via modulation of classical transmitters or other peptides (see Kendrick, 2000).

It should be noted that we used an established ELISA to quantify OT concentrations in plasma and which incorporated the recommended extraction step as well as confirming the accuracy of measures by incorporating sampled spiked with known OT concentrations. However, there is still some debate concerning precisely what is measured in such assays other than OT itself although there is generally reasonable concordance between radioimmunoassay (RIA) and ELISAs in this respect following extraction (McCullough et al., 2013; Leng and Sabatier, 2016). Our basal OT concentrations using the Cayman ELISA were slightly higher (mean 15.59 pg/ml) than many, but not all, reported in studies using RIA and also in some ELISAs following extraction (Szeto et al., 2011). They are also similar to those reported in a study on both mothers and fathers prior to skin to skin contact with infants and also using an RIA (Velandia, 2012). Furthermore, they are equivalent to those we have reported previously (Li et al., 2019; Chen et al., 2020) and also from another independent group on Chinese subjects with the more extensively used ENZO ELISA following extraction (Zhang et al., 2016). We cannot, however, entirely rule out the possibility that the antibodies in the assays were also sensitive to some OT fragments although this is a potential issue for all types of OT assays. The subjects were clearly not unduly stressed by the routine venipuncture procedures and basal concentrations were similar in the current study following venipuncture as in our previous one where indwelling catheters were used (Li et al., 2019).



Potential Mechanisms Involved in Intranasal OT-Evoked Facilitation of Responses to Manual Massage

Although there has been some debate about whether intranasally-applied OT reaches the brain (Leng and Ludwig, 2016) accumulating evidence, primarily from animal models, has demonstrated that it can both enter the brain directly, possibly via olfactory and trigeminal nerves, and indirectly by binding to the receptor for advanced glycation end-products (RAGE) and being transported across the blood brain barrier (Yamamoto and Higashida, 2020). Both of these direct and indirect routes of exogenous OT administration can lead to wide ranging changes in neural activity although there may be some regional and functional differences (Ferris et al., 2015; Quintana et al., 2016; Dumais et al., 2017; Tanaka et al., 2018; Martins et al., 2020). A third potential indirect route is via vagal stimulation following effects on receptors in peripheral organs such as the heart and gastrointestinal system (see Quintana et al., 2020 for recent review). An additional potential variable is whether OT itself is having functional effects on responses to touch or if various fragments of the peptide following degradation or derived from other sources are responsible via actions on receptors other than the OT receptor and which might more readily cross the blood brain barrier (see Uvnäs-Moberg et al., 2019).

The majority of brain regions exhibiting enhanced responses to manual massage following OT administration express OT receptors in humans (see Quintana et al., 2018) and thus it is possible that increased cerebrospinal fluid concentrations of OT following intranasal administration (see Striepens et al., 2013) could act on these receptors in a paracrine manner to potentiate massage-induced effects. Exogenously administered OT could also exert a positive feedback effect via hypothalamic autoreceptors (see Kendrick, 2000) to potentiate massage-induced OT release thereby increasing activation in regions receiving hypothalamic projections. Indeed, direct infusions of OT into the paraventricular nucleus of sheep can stimulate both maternal behavior and bonding in sheep (Da Costa et al., 1996). Although intranasal OT does not appear to influence basal endogenous concentrations (Lee et al., 2018), it is still possible that it might enhance stimulus-evoked ones. Depending on its intensity, massage can also influence either sympathetic or parasympathetic nervous system responses via skin pressure receptors (Field, 2010, 2019) which raises the additional possibility that OT is influencing neural responses via facilitating vagal responses to pressure receptor activation (A-β fibers) as well as via CT-fibers. Indeed, previous studies have reported that OT can influence both parasympathetic (Kemp et al., 2012) and sympathetic (De Oliveira et al., 2012) nervous system activity. However, as discussed above we would anticipate that pressure-induced activation of A-β fibers should be broadly similar with both manual and machine administered massage while CT-fiber activation is likely to have been stronger during the manually administered massage. Finally, recent studies have also demonstrated the presence of OT receptors in cutaneous nociceptive fibers (C- and A-δ but not A-β fibers) in rats via which OT may exert analgesic effects (González-Hernández et al., 2017). Exogenously administered OT might therefore act to alter the sensitivity of skin to touch via these receptors. This possibility receives some support from findings that post-partum women who have had babies delivered by cesarean section require a subsequent infusion of OT in order for them to respond equivalently to skin to skin contact with their babies as women undergoing normal delivery in terms of OT release and also psychological adaptations (e.g., reduced anxiety and aggression and increased social interactive skills) (Velandia, 2012; Uvnäs-Moberg et al., 2020). However, although we did not measure subjects’ sensitivity to massage directly in the present study there were no significant rating changes of either massage intensity or associated arousal following either manually or machine administered massage which might have been expected if OT had influenced skin sensitivity. In our previous study showing OT-facilitated effects on neural responses and pleasantness ratings following touch on the arm administered using different materials there were similarly no effects on intensity or arousal ratings (Chen et al., 2020). Additionally, in the Scheele et al. (2014a) study OT-effects on enhancing pleasantness and neural responses to rhythmic caressing touch to the leg only occurred when subjects thought it was a female but not male touching them (even though it was always the same female touching them), suggesting OT was mainly having centrally-mediated effects influencing psychological factors. At this stage, however, we have insufficient information to reliably disentangle these various potential peripheral and centrally-mediated mechanisms of OT action.



Limitations

We acknowledge several limitations in our current study. Firstly, we only included male subjects as in previous studies investigating effects of OT on touch. There is increasing evidence that OT can have sex dependent effects (Gao et al., 2016; Luo et al., 2017; Ma et al., 2018) and so it is possible that OT might have different effects on responses to massage in females. Secondly, experiencing short periods of massage in a controlled manner inside an MRI scanner is somewhat artificial and even potentially stressful so it would be important to demonstrate beneficial effects of intranasal OT in a more normal and comfortable environment. Thirdly, given the paradigm and technique used in the present study, we cannot specify which nerve fibers are activated by massage. While the CT fibers have been found to be more closely associated with social affective touch (Gordon et al., 2013; Ackerley et al., 2014; McGlone et al., 2014; Pawling et al., 2017), Field (2019) suggests that massage therapy with deeper pressure may activate A-β afferents. It is likely that massage administered with rhythmic pressure as used in the present study may activate both the CT and A-β fibers. Future studies are needed to investigate the specific mechanisms underlying nerve fiber afferents activated by different forms of tactile stimulation. Fourthly, observed differences between manual and machine massage may have been contributed to some extent by the manual massage stimulating CT-fibers to a greater extent. Finally, in our paradigm real and imagined massage were performed sequentially during scanning in order to make it easier for subjects to imagine each type of massage. Although we identified major differences only in motor regions between the effects of real and imagined massage using this paradigm, it is possible that if real and imagined massage periods were given as independent blocks this might have revealed greater differences and possibly also some differential effects of OT.



Summary

Taken together our findings demonstrate that intranasal OT can facilitate the positive neural and behavioral effects of real and imagined massage administered manually and influence many of the brain regions and circuits which are dysfunctional in autism. This supports the possible therapeutic combination of intranasal OT and massage in autistic individuals.
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One needs to recognize that the perinatal period is a vulnerable time where negative attitudes, words and actions can have an emotionally damaging effect on birthing women, who are especially sensitive to how they are treated, because of their high oxytocin levels. This case report depicts a traumatic birth in which the mother was needlessly separated from her baby and also harshly treated by the personnel, which had an emotionally devastating impact on the mother/baby relationship. This case report will demonstrate how psychotherapy was used to heal this distress.
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INTRODUCTION

In my work as a psychotherapist, with a specialty in perinatal problems, I am often helping people work through a traumatic or disappointing birth experience. Women are especially vulnerable during the perinatal period because the body, mind and spirit are “wide open” to be able to birth a human being physically as well as to “take in” the baby psychologically. The high levels of oxytocin contribute to this openness, which may explain why women are so susceptible to both positive support and negative experiences during this period (Uvnas-Moberg, 2019b). The following story depicts how the lack of awareness or sensitivity for a birthing mother’s emotional and physical needs and experiences caused long term negative emotional consequences for both the mother and her child.



THE CASE REPORT

A client, pregnant with her second child, appeared for therapy because she was having disciplinary trouble with her first child, and had unresolved distress, as she had been traumatized by the unexpected events of his birth. This case demonstrates how negative experiences in connection with birth may cause a long-term negative impact on the mother’s view of the baby and her future confidence in mothering. In working with this particular client, I created a safe setting for the patient by using Active Listening and then used a combination of methods such as Age Regression, Ego State Therapy, Affect Bridge, and Reframing of Meaning (Rossi and Cheek, 1988; Cheek, 1994) in order to elicit the traumatic memories, which could then be worked with and reframed. I also used eye movement desensitization and reprocessing therapy (EMDR), a well-researched method to heal trauma (Shapiro, 2018).



THE STORY

As a young girl, Mrs. M loved babies and became a favorite of neighborhood families with new babies when she offered to play with them. When she was old enough, she became a trusted babysitter. After college she became a postpartum doula and was becoming a breastfeeding consultant. Her goal was to help other women with breastfeeding in the immediate postpartum period. She always planned to breastfeed her own children one day.

She married a kind man who also believed in the importance of breastfeeding. When pregnant with their first baby, she arranged a home birth with a home birth midwife in hopes of avoiding unnecessary interventions from a hospital. She planned to have the baby skin-to-skin right after birth and looked forward to the “breast crawl” (Uvnas-Moberg, 2019c) which she had heard about from studies in Sweden, where the baby is placed on the mother’s chest and crawls and maneuvers to one of the breasts. During pregnancy, she daydreamed often about the baby breastfeeding. She talked to her prenatal baby and imagined this occurring (Uvnas-Moberg, 2019b). Unfortunately, close to the end of the pregnancy she developed high blood pressure and other significant symptoms and needed to be transferred to the hospital for an emergency cesarean section. She had no support whilst being in hospital (Trowell, 1982; Arden, 2015a) and had not planned for this possibility happening.

As soon as she recovered from the surgery, she called to the nurse and asked for her baby. She believed that even with a cesarean section she could have the baby as soon as she felt ready, and that the baby would be placed in such a way to avoid the operative area. However, unbeknownst to Mrs. M, the protocol of that hospital did not permit women to have the baby until several hours after recovery from major surgery.

She pleaded with the nurse, “Please! Please! Bring me my baby.” The nurse refused. Eventually, after Mrs. M became very agitated and upset, continuing somewhat loudly calling for her baby, the nurse said to her, “You seem to be having a psychological episode, you have to wait.” Mrs. M immediately quieted and stopped any voice pleas, fearing that if she protested maybe the nurse would call (Child Protective Services) and take the baby away. When Mrs. M eventually got the baby, she had much difficulty managing him and became angry at the baby (Trowell, 1982; Uvnas-Moberg, 2019a).

She nursed him, but it was not a rewarding experience.

Let us look at the physiology as well as the psychology of what is happening here. Oxytocin levels rise during pregnancy (Uvnas-Moberg, 2019b) and Mrs. M was further activating oxytocin release during this period with her loving thoughts and images of the baby. The emergency cesarean section caused diminished production of oxytocin (Arden, 2015a), and separation from the baby interfered with the oxytocin release normally occurring in the postpartum period (Uvnas-Moberg, 2019a). The negative treatment by the nurse also negatively impacted the release of oxytocin (Arden, 2015b).

Oxytocin levels are affected not only by labor, birth, and breastfeeding but also by kind looks, voice, and feeling being attuned to or cared about and being encouraged vs. being ignored, shamed, or frightened. These subtle events have enormous effects in particular during birth when mothers are having high oxytocin levels and become extra sensitive and open to both positive and negative environmental cues. Together the negative experiences decreased the positive effects of oxytocin normally occurring in connection with birth and consequently reducing the development of calmness, rewarding experiences and love for the newborn. In these situations, the effect pattern of oxytocin may even turn into defense and aggression against those who are experienced as intruders.

I met Mrs. M when she was pregnant with her second child and came to prepare for her second birth. She arrived with her three-year-old little boy, who was very rambunctious. She wanted to talk about her son’s birth and described what a difficult child he was. He would not mind her, he would not respond to any actions of affection, like sitting on her lap. He did not play with her, as opposed to being different at his nursery school or with his father where he acted with more ease of interaction.



THE THERAPEUTIC INTERVENTION

In my therapy work I created a situation in which Mrs. M felt secure and safe. One of the keys to healing is to create an atmosphere of open, thoughtful listening (Kawamichi et al., 2014). Some of the skills of Active, or Reflective Listening are useful. Open-ended statements, allow the client to fill in what they might be feeling, as opposed to direct questions. One technique is to reflect back a “feeling” related to the event which might prompt the woman to fill in more of her emotional experience. For example, “It sounds like you were feeling completely disregarded by the nurse…” Such a statement may help the woman feel understood, heard and validated.

As I took her history and listened to her story, she revealed how distressing the birth of her son had been (Uvnas-Moberg, 2019b). I wanted Mrs. M to describe what was missing for her. I asked her to close her eyes and review internally the whole event and notice all the aspects that were upsetting for her and recognize step by step all the hopes she had that were dashed (Rossi and Cheek, 1988; Cheek, 1994). Then I asked her to step into the scene and recreate in every detail what she had wanted instead and imagine that happening (Cheek, 1994). These techniques are referred to as Age Regression, Ego State Therapy, Affect Bridge and Reframing of Meaning and allow access to traumatic memories (Rossi and Cheek, 1988; Cheek, 1994). Once the trauma is accessed it can be processed, released, and healed using bi-lateral stimulation, a method developed by Francine Shapiro in EMDR therapy (Shapiro, 2018).

When she got to the memory of being angry at her little baby boy, I asked her to imagine putting another face on the baby (Batino, 2007). She immediately saw the nurse! I invited her, in her imagination, to tell the nurse what she felt and how that treatment damaged her and her feelings for her baby. I asked her to continue recreating the birth as she would have wanted it to be. After this visualization she felt much better.

She returned ten days later to plan for the second birth. Then she said something surprising: “You can’t imagine how different my little boy is. He is so loving, he wants to play with me, to sit on my lap, to hug me, to have me read him a story. It is an amazing change.”

It is interesting to notice how powerful the oxytocin effect is in response to social interaction (Uvnas-Moberg, 2019c) emanating from feelings of love and connection, as well as how sensitive oxytocin is to negative experiences, when there is perhaps a diminished oxytocin effect by seeing, hearing, and feeling negative responses. When Mrs. M asked herself, and queried to me, “why did I feel so angry at the baby?”, I reframed that experience for her by suggesting that perhaps in a profound way, directing her anger at the baby instead of projecting it at the nurse, may have been an unconscious way to save the baby from being taken away. Had Mrs. M projected her anger at the nurse, she may have been in much more trouble with the system.

There are many therapeutic methods to help heal these events. But it is especially useful with imagery to tap into the emotions, the beliefs and the body experiences of the negative event and create the potential for healing by shifting to a positive reframing of the event. If one can recreate the preferred reactions or treatment, one can start to loosen or eliminate the original negative emotional effects of the experience. Human beings are open to healing after danger has passed.



CLIENT’S EARLIER EXPERIENCES

As a therapist, in the session or in an ensuing session, I always explore with the client any earlier thought, emotion, or experience where these emotions may have originated or been experienced. For example, if a previous event or experience may have laid the groundwork for being disregarded, the client becomes more susceptible to reacting in a similar way.

In Mrs. M’s case, she shared that the nurse’s behavior reminded her of how she was treated as a little girl, when she was trying to tell her mother that she was being abused by a cousin and her mother would not listen to her (Simkin and Klaus, 2015). She recognized that the experience of this treatment in childhood was retriggered in her interaction with the nurse and may have been an emotional underpinning to her reaction (Meyen et al., 2007; Arden, 2015b). She proceeded to tell me that she had now started talking to her mother about the past, having the voice that she had never had before. I think that it is important to notice that not only did the potential for healing and positive growth become available to Mrs. M but also for her child. She tearfully felt so positive and grateful to have made this deep understanding which helped her and her child and made a change in her life.



CONCLUSION

Mrs. M’s story depicts how the cesarean section, the separation from the baby, as well as the insensitivity and a lack of awareness from the staff, affected her emotional and physical experience of birth. The nurse’s lack of training in communication skills was hurtful to Mrs. M as an adult but also triggered a childhood abuse memory (Simkin and Klaus, 2015).

In every significant event in life, humans have many layers of history and experiences that can be triggered or activated in either a positive or negative manner. Of course, the nurse did not recognize the meaning of her behavior to this mother, but regardless of her lack of knowledge, sadly the nurse’s way of handling the situation created long term pain and disturbances in the relationship between the mother and her newborn. The therapy was helpful for Mrs. M and allowed a deeper opportunity for healing.
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Though rarely included in studies of parent–infant interactions, affectionate touch plays a unique and vital role in infant development. Previous studies in human and rodent models have established that early and consistent affectionate touch from a caregiver confers wide-ranging and holistic benefits for infant psychosocial and neurophysiological development. We begin with an introduction to the neurophysiological pathways for the positive effects of touch. Then, we provide a brief review of how affectionate touch tunes the development of infant somatosensory, autonomic (stress regulation), and immune systems. Affective touch also plays a foundational role in the establishment of social affiliative bonds and early psychosocial behavior. These touch-related bonding effects are known to be mediated primarily by the oxytocin system, but touch also activates mesocorticolimbic dopamine and endogenous opioid systems which aid the development of social cognitive processes such as social learning and reward processing. We conclude by proposing a unique role for affectionate touch as an essential pathway to establishing and maintaining parent-infant interactional synchrony at behavioral and neural levels. The limitations of the current understanding of affectionate touch in infant development point to fruitful avenues for future research.
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INTRODUCTION

Early interactions with a parent provide the foundation for infant cognitive and socioemotional development (Raby et al., 2015; Mermelshtine and Barnes, 2016). Affectionate touch, which includes non-noxious light stroking, pressure, and holding, is a unique and essential feature of an infant’s interpersonal landscape (Hertenstein, 2002). The sensation of affectionate touch begins in the skin, where a variety of low-threshold mechanoreceptors (LTMRs) respond to different aspects of tactile stimulation. Some classes of LTMRs are myelinated, and their rapid transmission of sensory information enables the brain to discriminate physical stimuli as they touch the skin, while unmyelinated C afferents transmit information about slow and stable stimuli (McGlone et al., 2014; Olson et al., 2016). Among classes of cutaneous nerves, C-tactile afferents (CTs) appear to be particularly implicated in affectionate touch: light pressure and gentle stroking, especially at skin temperature, results in vigorous CT firing and is perceived as being most enjoyable or rewarding (Löken et al., 2009; Ackerley et al., 2014; Pawling et al., 2017). Importantly, children prefer CT-targeted touch throughout development, and when parents are asked to stroke their babies, they naturally do so at a velocity that optimally activates CTs (Croy et al., 2016, 2019). During face-to-face interactions, parent use of affectionate stroking decreases an infant’s arousal and increases positive emotionality (Peláez-Nogueras et al., 1997; Fairhurst et al., 2014). The impact of affectionate touch is far from transient; early interventions involving holding such as kangaroo care, or KMC, lead to positive physiological and psychological outcomes such as regulating stress reactivity and promoting mother–infant bonding, while the deprivation of touch is associated with a range of developmental deficits (Feldman et al., 2002a; Field, 2010b; Moore et al., 2016).

It is hypothesized that affectionate touch—both through CTs (Walker et al., 2017) and other nerve fibers (Uvnäs-Moberg et al., 2015)—achieves many of these effects through the release of the nonapeptide, oxytocin. Gentle stroking of rats increases Fos expression in the oxytocin-producing paraventricular nucleus of the hypothalamus (PVN), and increased plasma oxytocin levels are observed in rats following a wide variety of forms of peripheral sensory stimulation (Stock and Uvnäs-Moberg, 1988; Okabe et al., 2015). In humans, skin-to-skin contact (SSC) and KMC increase peripheral oxytocin levels in both parents and their infant (Vittner et al., 2019; Hardin et al., 2020). It is important to note that this effect is observed only when measured by enzyme immunoassay rather than radioimmunoassay, which may indicate a specific role for active fragments of oxytocin (Uvnäs Moberg et al., 2019); future studies should examine this discrepancy. As oxytocinergic projections from the PVN regulate regions throughout the brain involved in social interaction, pain, stress, and autonomic regulation (Uvnäs-Moberg et al., 2015), the oxytocinergic system is well-positioned to link touch to a wide range of physiological and psychosocial outcomes.

While affectionate touch still remains conspicuously understudied, advances have been made in recent years through both human neuroimaging studies and animal models of maternal care, such as rodent licking and grooming (LG) behavior (Ardiel and Rankin, 2010; Botero et al., 2020). A complete understanding of the role of touch remains elusive, in part because of its dependence on the higher-level social and cultural dimensions of the human person (Ellingsen et al., 2016; Feldman, 2016). However, studies have linked affectionate caregiver touch to infant development across five interrelated domains: the somatosensory system, the autonomic system, immune function, affiliative bonding, and social cognition (Figure 1).
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FIGURE 1. Physiological and psychological benefits of early-life caregiver touch.




PHYSIOLOGICAL BENEFITS OF AFFECTIONATE CAREGIVER TOUCH


Somatosensory Tuning

Affectionate caregiver touch in infancy may aid the maturation of the somatosensory system through experience-dependent plasticity. Most tactile information, including the location and intensity of pleasant touch, is processed in the somatosensory cortex (S1) while the valence and “pleasantness” of touch is detected by the posterior insular cortex (Lindgren et al., 2012; Gordon et al., 2013; Case et al., 2016; Morrison, 2016). The somatosensory processing pathway is highly organized, both serially between regions and somatotopically within regions (Ruben et al., 2001; Björnsdotter et al., 2009; Seelke et al., 2012). While its initial formation is based on genetic factors and sensory feedback from spontaneous movements (Milh et al., 2007; Antón-Bolaños et al., 2019), the system is subsequently refined through experience-dependent mechanisms of structural plasticity (Feldman and Brecht, 2005). In rodents, S1 matures soon after birth, and early-life contact is responsible for the refinement of both its intrinsic connectivity and its cortical and callosal projections (Seelke et al., 2016; Khazipov and Milh, 2018).

Affectionate touch may refine the somatosensory system in humans as well. The fundamental shift from spontaneous to evoked somatosensory activity occurs in the third trimester (Fabrizi et al., 2011), and after birth, the intensity and valence of touch experiences continue to shape somatosensory development (Maitre et al., 2017). In infants, gentle stroking preferentially activates both S1 and the posterior insular cortex; these regions are slightly different from those activated in adults, which may reflect an experience-dependent shift in the localization of affectionate touch processing (Jönsson et al., 2018; Pirazzoli et al., 2019; Tuulari et al., 2019). Lower-level processes of sensation and perception lay the foundation for development of higher-level cognitive functions, therefore early experiences of touch also contribute toward the maturation of neural circuitry for complex cognitive and social function. In fact, infants whose mothers use skin-to-skin touch show greater frontal alpha EEG asymmetry, a pattern of neural activity that reflects emotional processing and cognitive maturation (Hardin et al., 2020). Similarly, pre-term babies who receive caregiver skin contact show faster hemispheric maturation and improved functional connectivity (Scher et al., 2009; Schneider et al., 2012). In fact, an intervention of SSC paired with contingent vocalizations is currently under investigation for its effects on neonatal neurocognitive development (Neel et al., 2019). Conversely, institutionalized children—who often receive inconsistent and low-contact care—tend to exhibit sensory dysregulation, including heightened sensory reactivity, higher rates of sensory processing disorders, and some degree of touch aversion (Dozier et al., 2002; Wilbarger et al., 2010).



Autonomic Regulation

Affectionate caregiver touch alters multiple aspects of autonomic function, including hypothalamic-pituitary-adrenal (HPA) axis activity and parasympathetic nervous tone. The HPA axis mediates the mammalian stress response. Rats raised with more parental LG show blunted responses to stress and attenuated fear of novelty, due to epigenetic alterations in the expression of hormone receptors in the hippocampus and amygdala (Liu et al., 1997; Caldji et al., 1998; Kundakovic and Champagne, 2015). These effects are specific to touch, as the experimental addition of gentle stroking in the absence of the dam results in the same changes in glucocorticoid receptor expression and corticosteroid secretion (Jutapakdeegul et al., 2003). Consistent with these findings, maternal touch—both during free play and KMC—decreases an infant’s physiological stress reactivity (Feldman et al., 2010; Hardin et al., 2020). There appears to be a sensitive period for this effect around the time of birth, as SSC between a mother and her neonate decreases salivary cortisol most when it takes place immediately after birth, and lower stress reactivity in infants is observed even a year later. This touch-mediated effect is hypothesized to be an innate way of reducing the infant’s “stress of being born” (Bystrova et al., 2007; Takahashi et al., 2011).

Touch likely achieves stress regulation through oxytocin release in the hypothalamus (Smith and Wang, 2014). Oxytocinergic projections from the PVN to regulatory regions in the brainstem, such as the nucleus of the solitary tract, reduce the activity of noradrenergic neurons and thereby upregulate parasympathetic nervous function (Uvnäs-Moberg et al., 2015). This is supported by the broad range of autonomic changes, beyond HPA activity, that are associated with touch. Throughout infancy, both maternal and paternal touch triggers cardiac deceleration, but only when it involves stroking at speeds that optimally activate CTs (Aguirre et al., 2019; Manzotti et al., 2019; Van Puyvelde et al., 2019). Similarly, neonatal SSC promotes heart rate stabilization and arousal regulation, as well as greater and more rapid weight gain (Feldman et al., 2002b; Cong et al., 2012; Samra et al., 2013). These effects are consistent with increased vagal tone, which modulates heart rate and the gut-brain axis (Yuan and Silberstein, 2016). In fact, there is evidence that stimulation of pressure receptors in the skin increases vagal activity, and that infant vagal activity increases during mother–child interactions (Field and Diego, 2008). Thus, an absence of caregiver touch could also lead to adverse mental and physical outcomes through decreased vagal tone (Thayer and Sternberg, 2006) (in parallel with the HPA effects described previously). In line with this explanation, the infants of depressed mothers—who use less affectionate touch—fail to show an increase in vagal tone over time and often exhibit developmental delays (Field et al., 1995; Herrera et al., 2004; Aoyagi and Tsuchiya, 2019; Mantis et al., 2019).



Immune Function

A lack of early life-care, which includes touch deprivation, can lead to immune dysregulation. In rats, early isolation alters gut microbiota and raises levels of inflammatory molecules in the hippocampus, indicators of immune dysfunction that are linked to anxiety-like behaviors (Dunphy-Doherty et al., 2018). Children with a history of institutionalization experience a higher risk of intestinal and respiratory infections, as well as skin disorders (Rutter et al., 1998). While the deprivation of touch has yet to be studied in human immune development, childhood adversity is linked to elevated inflammation, T-cell proliferation, and impoverished cellular immune function (Fagundes et al., 2013), and greatly increases risk of physical and mental illness (Anda et al., 2006).

Several human studies link affectionate caregiver touch to positive immunological outcomes. The use of KMC decreases a neonate’s risk of severe infections, as well as a variety of other illnesses (Charpak et al., 2001; Boundy et al., 2016). The use of massage increases an infant’s proportion of active natural killer cells, although other immunological markers are unaffected (Ang et al., 2012). As microbiota are a critical component of the immune system that remains underdeveloped at birth, one possibility is that touch enhances infant immune function through the transferal of bacteria from the mother’s skin (Groer et al., 2015). However, given that massage leads to positive immunological outcomes in a range of populations (Field, 2010b), it is more likely that touch could act through a central neuroendocrine mechanism such as oxytocin release. Oxytocin itself plays a critical role in the regulation of the immune system, and has been implicated in the development of T-cells, the suppression of inflammatory cytokines, and wound healing, among other effects (Li et al., 2017; Uvnäs Moberg et al., 2019). While some immunological effects may be achieved through the activation of oxytocin receptors in peripheral organs, more directly, parvocellular neurons in the PVN and supraoptic nucleus have been shown to modulate inflammatory pain by releasing oxytocin in the nuclei of the brainstem and spinal cord (Eliava et al., 2016). As inflammatory cascades have been linked to the pathogenesis or prognosis of an increasing number of common chronic conditions (Bennett et al., 2018), oxytocinergic regulation of the immune system in general and inflammation in particular might provide one possible biological link between early-life touch and long-term health.



PSYCHOSOCIAL BENEFITS OF AFFECTIONATE CAREGIVER TOUCH


Affiliative Bonding

Touch may contribute to the genesis of attachment between parent and infant through the action of oxytocin. In rats, gentle stroking increases Fos expression in the oxytocin-producing PVN, and maternal LG induces region-specific increases in oxytocin receptor expression (Francis et al., 2001; Okabe et al., 2015). While rodents do not form attachments as such, SSC with the dam—together with her olfactory cues—are signals of maternal care, and rats deprived of tactile and olfactory stimulation in infancy show impaired maternal behavior themselves in later life (Melo et al., 2006; Kojima et al., 2012). Both SSC and KMC appear to increase peripheral oxytocin levels in human infants, when measured with enzyme immunoassay (Vittner et al., 2018; Hardin et al., 2020). Repeated stimulation of oxytocin release in infants, and its attendant positive effects on autonomic function, may over time lead to a conditioned oxytocinergic response to maternal cues (Uvnäs-Moberg et al., 2015). Patterns of maternal engagement are also associated with different patterns of oxytocin receptor methylation in infants (Krol et al., 2019), which could modulate the development of infant social behavior (Gordon et al., 2011; Markova, 2018; Xu et al., 2019).

Moreover, affectionate touch is bidirectionally related to parent–infant bonding. In humans, mothers who perform KMC demonstrate heightened sensitivity toward their infant, as well as increased chances of a successful and long first breastfeeding (Tessier et al., 1998; Karimi et al., 2019). Breastfeeding, both through stimulation of sensory receptors in the skin and through the suckling stimulus, results in pulsatile oxytocin release in the mother that increases patterns of social interaction and attenuates pain and stress (UvnäsMoberg et al., 2020). Oxytocin increases parental responsiveness, as well as maternal milk production and consequent breastfeeding (Feldman and Eidelman, 2003; Vittner et al., 2018). In cases of maternal depression, mothers show difficulties in breastfeeding, blunted oxytocin release, and fewer face-to-face interactions with their infants, who are in turn at higher risk of insecure attachment (Lovejoy et al., 2000; Toth et al., 2009; Field, 2010a; Stuebe et al., 2013). As the mother–child bond is a strong antecedent of the child’s socio-emotional and cognitive development (Stams et al., 2002), contributions to affiliative bonding would be an important role for touch in infant development.

The parent–infant bond, in turn, appears to promote the effectiveness of affectionate touch. For instance, 9-month-old infants show greater parasympathetic responses to CT-targeted (stroking at 3 cm/s) in the presence of their parents (Aguirre et al., 2019). Furthermore, when 6–8-month-old infants are gently stroked, they prefer to watch their mother receive synchronous touch over asynchronous touch, but do not show such a preference when gazing at strangers (Maister et al., 2020). Thus, an infant’s experience of affectionate touch appears to be bidirectionally related to the parent–infant bond.



Social Cognition: Social Learning and Reward Processing

A growing body of evidence links caregiver touch to social cognition and function. In young rodents and infant macaque monkeys, early handling and stroking is positively associated with later social learning (Lévy et al., 2003; van Hasselt et al., 2012; Simpson et al., 2019). In humans, children who receive more frequent maternal touch during play show a greater social orientation, or relative interest in faces compared with other objects (Reece et al., 2016). Finally, gentle caregiver stroking—but not other forms of touch—enables 4-month-old infants to recognize faces with an averted gaze, though they typically attend only to faces with a direct gaze (Della Longa et al., 2019). These changes may be mediated by the maturation of the social brain, as frequent maternal touch is associated with greater activity and connectivity of cortical regions implicated in social processing (Brauer et al., 2016).

Rats that experience less LG show suppressed synaptic plasticity and intrinsic excitability in the dorsal hippocampus, and heightened plasticity and excitability in the ventral hippocampus; these changes are related to anxiety-like behaviors (Nguyen et al., 2015). Conversely, early tactile stimulation in rodents triggers dendritic changes that increase the connectivity of the prefrontal cortex and amygdala, differences which are linked to heightened performance on learning tasks (Richards et al., 2012). Though comparable studies have not yet been conducted in humans, in general, parent–infant synchronous interactions have been identified as a key factor in the formation of reward circuitry (Feldman, 2017).

Early experiences of touch also regulate motivational salience through changes to the mesocorticolimbic dopamine and endogenous opioid systems. Within the central nervous system, dopamine release can be associated with both positive (e.g., motivational salience) and negative (e.g., stress response) effects (Trainor, 2011), but given the positive valence of its psychosocial context, affectionate caregiver touch likely activates the prior pathway. Maternal LG triggers a lasting increase in the number of dopaminergic neurons in the ventral tegmental area, particularly in nuclei connected to reward-related areas such as the ventral striatum and the amygdala (Peña et al., 2014). Furthermore, developmentally isolated rats show region-specific changes in dopamine turnover, while rats that receive more handling or grooming show heightened dopamine release in response to natural stimuli and blunted sensitivity to stress or psychostimulants (Heidbreder et al., 2000; Brake et al., 2004). Several studies in humans parallel these findings: pleasant touch triggers dopamine release, while less early-life care is associated with greater dopamine release in response to stress (Pruessner et al., 2004; Field et al., 2005). With regard to the opioid system, neonatal handling of rodents increases the expression of μ opioid receptors (MOR) in reward-related areas (Kiosterakis et al., 2009). Similarly, pleasant social touch increases the availability of MOR in human adults in the thalamus, striatum, and frontal, cingulate, and insular cortices (Nummenmaa et al., 2016). Therefore, affectionate touch appears to promote the development of neural circuits involved in social forms of learning, as well as motivation and reward processing.



A ROLE FOR TOUCH IN PARENT–INFANT INTERACTIONAL SYNCHRONY

Finally, affectionate touch may provide a unique and essential path to achieving synchrony during parent–infant interactions. Synchrony is the interpersonal coordination of behavioral and neurophysiological rhythms, a normative early-life experience that advances sensory processing, potentiates learning, regulates emotions and arousal, and promotes a stable attachment bond between the infant and her caregiver (Harrist and Waugh, 2002; Beebe et al., 2010; Wass et al., 2020). To facilitate synchrony, parents are primed to express a range of behaviors from the time of their infant’s birth, including infant directed speech, gaze, positive affect, and touch (Feldman, 2012). Most developmental research has focused on the vocal, visual, and affective modalities, because synchrony between humans can be established in the absence of physical contact (Feldman et al., 2011). However, SSC between parents and their neonate has been shown to increase the quantity and coordination of vocal and tactile interactions (Velandia et al., 2010). Here, we elaborate on two potential ways in which touch may contribute to achieving and maintaining parent–infant synchrony.


Touch in Parent–Infant Communicative Rhythms

Touch may convey information that is necessary for the coordination of communicative rhythms between parent and infant. Previous research has found that mothers typically direct communicative behaviors toward their infant while the child is quiet but wakeful (Bell, 2020). As caregiver touch tends to provoke a state of calm alertness (Harrison et al., 2000), parents may use touch to ensure that their infants are available and ready to engage in patterns of communication. Continuous interpersonal touch may be more important during interactions with mothers, whose communicative patterns are usually more regular than the short arousing bursts typically used by fathers (Feldman, 2003). On the part of the infant, experiences of affectionate touch appear to support the development of bodily self-awareness, which in turn permits bodily attunement with their mothers (Montirosso and McGlone, 2020). Touch may perform this role by facilitating the coordination of sensory processing across modalities: in a recent study, infants detected and showed a preference for synchronous visuo-tactile stimuli over asynchronous stimuli while experiencing CT-targeted gentle stroking, but not during other touch (Della Longa et al., 2020). As interactional synchrony requires awareness of self and other, and takes place through coupled auditory, tactile, and visual signaling, affectionate touch may be a critical precursor to the infant’s detection of and participation in communicative rhythms.



Touch in Parent–Infant Neural Synchrony

Touch may mediate the interpersonal coordination of neural activity. Specifically, parental social ostensive cues (typically gaze and speech, but also touch) are hypothesized to reset the phase of ongoing neural oscillations in an infant’s neocortex (Wass et al., 2020). This entrains the infant to the ongoing pattern of communication, and also aligns the oscillatory phases of parent and infant neural activity for optimal mutual receptivity. In this way, interpersonal social behaviors such as touch could trigger the synchronization of neural activity with concomitant benefits for communication and learning. A range of evidence supports this proposal along the visual and auditory modalities; both direct gaze and infant-directed speech generate unique patterns of cortical activity in infants (Zhang et al., 2011; Urakawa et al., 2015), and direct gaze produces temporally fine-grained neural entrainment between adults and infants (Leong et al., 2017). Maternal vocal and facial expression of positive emotion also increases parent–infant neural coupling more than negative affect (Santamaria et al., 2020). More broadly, mothers and their infants exhibit neural coupling during synchronous interactions, particularly in areas of the frontal cortex (Reindl et al., 2018; Nguyen et al., 2020). In adults, interpersonal touch such as hand holding enhances neural synchrony (Goldstein et al., 2018). While touch has yet to be isolated in studies of parent–infant neural synchrony, it appears probable that, like the ostensive cues of gaze and speech, touch leads to the phase reset and entrainment of neural oscillations.



CONCLUSION AND FUTURE DIRECTIONS

Experiences of affectionate touch, mediated by the CT system, are an essential component of parent–infant interactions. Affectionate touch appears to promote an infant’s somatosensory system development, autonomic regulation, parent–infant bonding and social development, reward processing and learning, and immune function. Future research should seek to clarify the neurobiological mechanisms involved in early experiences of affectionate touch, including the role of myelinated and unmyelinated sensory fibers and oxytocin signaling pathways in mediating the observed effects.

Affectionate touch may be particularly important for synchronous interactions, which involve the temporal coordination of behavior and physiology. Specifically, SSC, through afferent stimulation of nerves from the skin, may have a role in mutual synchronization of maternal and neonatal behaviors and neurophysiology, working in tandem with other important early social cues in the visual (e.g., eye contact) and auditory (e.g., infant-directed speech) sensory domains. Yet up until now, very little research on parent–infant synchrony has included assessments of touch, affectionate or otherwise. However, advances in naturalistic methods for parent–infant dyadic brain imaging (Georgieva et al., 2020; Noreika et al., 2020) now permit the fine-grained examination of complex social behavior involving multiple sensory modalities and their neural substrates (Neale et al., 2018). Therefore, the incorporation of affectionate touch as a key mechanism influencing bio-behavioral synchrony could provide a fruitful avenue for future research on parent–infant interactions.

Future research should also seek to clarify the relationship between affectionate touch and relevant parent and infant characteristics. More broadly, parent–infant interactions involving touch may vary based on the personality and temperament of the partners (Mammen et al., 2016; Beebe and Lachmann, 2017). Similarly, both touch and oxytocin alter brain activity in different ways depending on the relational context (Ellingsen et al., 2016; Baettig et al., 2019), which highlights the importance of including measures of attachment in studies of affectionate touch. Furthermore, a wide range of developmental disorders, including autism, have been bidirectionally linked to differences in touch interactions in infancy (Feldman et al., 2004; Cascio, 2010; Van keer et al., 2019; Provenzi et al., 2020). For example, in autism, atypical touch behavior is implicated as both a predictor of severity (e.g., children who show heightened tactile responsivity later develop greater autistic behaviors) and well as a potential compensatory mechanism (e.g., mothers of children with autism use more and longer-lasting physical proximity and touch to upregulate social engagement) (Doussard-Roosevelt et al., 2003; Saint-Georges et al., 2011; Mammen et al., 2015). These individual differences in early social sensory behavior could inform the development of sociometric markers for neuropsychiatric disorders in development (Leong and Schilbach, 2019). Finally, mothers touch their male and female infants differently, and a number of sex differences have been found in infant somatosensory processing, including in responsivity to SSC based on both the infant’s sex and that of the parent (Velandia et al., 2012; Fausto-Sterling et al., 2015; Walker et al., 2018). Therefore, measures of cognition, personality and temperament, attachment, developmental status, and sex should be incorporated in future studies of caregiver touch and its role in parent–infant interactional synchrony.



AUTHOR CONTRIBUTIONS

SC and VL wrote the manuscript. Both authors contributed to the article and approved the submitted version.



FUNDING

This research was funded by a Marshall Scholarship to SC, an ESRC Transforming Social Sciences grant to VL (ES/N006461/1), a Nanyang Technological University grant to VL (M4081585.SS0), and Ministry of Education (Singapore) Tier 1 grants to VL (M4012105.SS0 and M4011750.SS0).


GLOSSARY OF ABBREVIATIONS

CTs: C-tactile afferents. A class of unmyelinated sensory neurons found in human skin that mediate the sensation of pleasant touch.
HPA axis: the hypothalamic-pituitary-adrenal axis. A set of interactions between the hypothalamus, pituitary gland, and adrenal glands that controls the mammalian stress response.
KMC: Kangaroo Mother Care. A method of care for human infants that involves placing the child on the mother’s chest for access to breastfeeding and skin-to-skin contact.
LG: licking and grooming. Maternal care behaviors observed in rodents.
LTMRs: low-threshold mechanoreceptors. A class of somatosensory receptors that react to light touch.
PVN: the paraventricular nucleus of the hypothalamus. A region of the hypothalamus that regulates a range of homeostatic functions and contains a large population of oxytocin-secreting neurons.
SSC: skin-to-skin contact. A method of care for human infants that involves placing the naked infant on the mother’s bare chest soon after birth.
S1: the primary somatosensory cortex. An area of the cortex in the postcentral gyrus that receives inputs from the thalamus; it is the primary region responsible for processing somatic stimuli.
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Do people classify nature in ways that can be described as archetypes? Could it be that these can be interpreted as health promotive? More and more researchers today suggest that archetypes can be used to analyze, describe, and develop green spaces. In parallel, an increasing number of research results since the 1980s have shown that human health and well-being are positively affected by stays in certain nature areas. The qualities in these nature areas which stand out to be most health-promoting are interpreted to be properties of nature that humans through evolution are prepared to perceive in a positive way. In this study, 547 respondents in southern Sweden answered a questionnaire on properties in natural areas. Through cluster analysis, these properties have been grouped into 10 types of nature and landscape. The 10 clusters are related to specific phenomena and places in Scandinavian nature, which could be described as archetypal. These natural phenomena and places are discussed, partly based on references to archaic Scandinavian mythology, Scandinavian lifestyle, and cultural canon, and partly on research on evolution, human preferences, and how nature can affect human health. We discuss how these nature archetypes evoke anxiety, fear, and distancing as well as calmness, tranquility, and connection. However, researchers have so far focused on how visits to natural environments have affected the sympathetic nervous system, and not realized the possibility of including the calm and connection system as well as the oxytocin in their explanatory models. In a follow-up article, we intend to develop a model for how the nature archetypes can interact with the calm and connection system.

Keywords: health-promoting properties in nature, properties of natural environments, health promotion, perception, characteristics, stress, calm and connection system


INTRODUCTION

Since time immemorial, we humans have had an interest in seeking to explain the great existential story and in placing ourselves and our activities in the universe, often through religious beliefs (Turner, 2005). Various parts of the natural landscape have thus been described as more friendly and divine than others. Examples can be taken from many cultures, such as the Arcadia of the ancient Greeks, the Paradise of the Persians, and the Eden of the Bible. In descriptions of these places, we find trees with good, edible fruits, plenty of fresh water, and friendly animals (Prest, 1988; Gerlach-Spriggs et al., 1998). In the Bible’s Creation, we meet Adam and Eve in the Garden of Eden. In Ancient Greece, Arcadia is described as a place of happiness and beauteous perfection. The Epic of Gilgamesh describes a garden of gods, a paradise as a place where even sicknesses give way and where we may regain power and strength (Stigsdotter, 2005). None of these environments emphasizes buildings – it is nature and the gardens that are highlighted. But, nature also contains dangerous places, animals, and phenomena, which in various religions (e.g., Christianity and Islam) are tied to evil demons or the devil, and where the malefic underworld (e.g., Hades or Hell) is illustrated as a dark place, with forests where one gets lost; deserts and swamps, and being extremely hot or cold. This may best be seen in Dante’s Divina Comedia, with amazing illustrations of the underworld by Gustave Doré (Alighieri, 2018).

These archaic descriptions of the essence of different natural landscapes can be described as nature or landscape archetypes. Today, holistic, easily understandable, and relevant descriptions of natural areas are needed: relevant, not least when it comes to the importance of nature areas for human health and well-being. Bourassa (1988) proposed a theory to be used in landscape architecture and planning: When analyzing landscapes, he argued, it may be appropriate to use Jung’s concept of archetypes. According to Bourassa (1988), modern environmental psychological theories can be interpreted as being in line with CG Jung’s thoughts on archetypes. Just under a decade later, Nash (1997) suggested that CG Jung’s concept of archetypes could be used to understand how landscapes have been perceived and interpreted throughout history. Today, the term archetypes is used increasingly in scientific publications when landscapes are to be described, such as Hreško et al. (2015), Wilkinson (2015), Wardropper et al. (2016), Cullum et al. (2017), Jin and Du (2017), Catalani et al. (2018), Hartel et al. (2018), Nogué and Wilbrand (2018), Olszewska et al. (2018), Xing and Chen (2018), and Evers et al. (2019). Several of the researchers claim that in landscape planning and landscape architecture, it is necessary to capture and describe a holistic meaning in the landscape and suggest that archetypes are the solution. Hreško et al. (2015) claim that: “Several contemporary works of landscape ecologists deal with the problem of landscape type determination with the emphasis on the synergy of multidimensional landscape perception.” The authors mention the physical part of the landscape and its characteristics, as well as the evaluation of landscape changes relating to landscape diversity and the perception of “cultural-spiritual entity.” Cullum et al. (2017) suggest the following: “We propose the use of archetypes as a way of moving between conceptual framings, empirical observations, and the dichotomous classification rules upon which maps are based. An archetype is a conceptualization of an entire category or class of objects. Archetypes can be framed as abstract exemplars of classes, conceptual models linking form and process and/or tacit mental models.” The link to CG Jung’s theories of archetypes is shallow in these two articles (Hreško et al., 2015; Cullum et al., 2017). In other articles, the link to Jung’s theories is much more prominent: Wilkinson (2015) wishes to create more meaningful landscape architecture through an increased understanding of the complex relationship between people and nature. One way to increase this knowledge is through the use of Jung’s theories of archetypes, she suggests. When Olszewska et al. (2018) formulate categories regarding what makes certain landscapes be experienced as contemplative, they refer to Jung (1964), and this applies in particular to their proposed category of “archetypal elements,” such as stones, an old tree, or a path. Xing and Chen (2018) argue, with reference to CG Jung, that “the design of a public space should attach importance to the change in people’s emotional experience according to their surroundings. Emotion comes from human’s collective unconsciousness; whose content is archetype.”


Nature and Landscape Archetypes

Bourassa (1988), Nash (1997), Wilkinson (2015), and Xing and Chen (2018) all see great opportunities to be able to develop both theory and practice in landscape architecture and landscape planning through Jung’s theory of archetypes. The origins of the archetypal hypothesis date back to ancient Greek civilization and Plato. Plato’s “Eidos” were pure mental forms that were imprinted in the soul before the person was born into the world (Williamson, 1985). They were collective in the sense that they embodied the fundamental characteristics of a phenomenon rather than its specific particularities. Philo of Alexandria developed the thoughts about Eidos and began to use the term archetypes (Hillar, 1998). The concept of psychological archetypes we know today was primarily elaborated by Jung (1968). In his psychological framework, archetypes are inherent, universal prototypes for ideas. An example above is how Olszewska et al. (2018) propose a category of “archetypal elements,” e.g., stones, an old tree, or a path. CG Jung, however, does not just write about archetypal elements. Jung’s theory of archetypes can be seen as a number of spherical layers (Sharp, 1991). The layer that lies outermost is conscious; the next layer is the personal unconscious with a number of unconscious structures or complexes. The content of this layer is unique to each person, and the structures you have developed depend on what predispositions you have, what you have experienced, and how you have managed your experiences. The next layer is the collectively unaware, with a variety of inherited archetypes. Examples are symbolic archetypes or elements, such as snake, tree, sun, moon, and fire (Jung, 1964, 1968; Sharp, 1991). In addition, there are character archetypes, such as the parent, the hero or god; as well as situational archetypes or experiences, such as birth, death, marriage, and lost love. Jung considered archetypes as something evolved through evolutionary processes. The archetypes affect how a person experiences and interprets the phenomena that he or she observes. They can induce experiences and feelings such as fear and happiness that can be related to key archetypes such as the parent, hero, or god. The subconscious makes itself known through symbols found throughout life: in dreams, art, and religion and moreover in human behavior patterns and relationships (Jung, 1964, 1968; Sharp, 1991). CG Jung argued that similarities between legends/myths from different cultures reveal the existence of universal archetypes (Boeree, 2017).

Jung expressed the connection of archetypes and the collective unconscious to evolution as that they are based on “the deposits of all our ancestral experiences, but they are not the experiences themselves” (Jung, 1928). How should this be understood? First, several researchers (Hogenson, 2001; MacLennan, 2006; Stevens, 2012; Oatley, 2019) claim that Jung was strongly influenced by Baldwin (1896a,b): Baldwin’s theory is about the ability of a species’ individuals to learn to handle specific situations, enabling the species to survive. This creates the conditions for shaping selection processes until the genetic composition of the species is developed to be able to handle the environment reflexively and independently. Behavioral flexibility can, according to Baldwin (ibid.), solve the adaptive problem between environment and individual faster and more successfully than through purely random selection. Evolution can thereby, in humans, be driven forward by cultural influence. Hogenson (2001) exemplifies this with the fact that animal husbandry with cows eventually led to more and more people being able to tolerate lactose better. These mechanisms have been going on for millions of years, and have affected human relationships and behavior in natural environments as well as in social contexts. Second, Bergson (2007) argued that processes based on immediate experience and intuition are more important for understanding reality than abstract rationalism and science. On the basis of Bergson, Jung proposed that human beings in addition to instinct uses intuition, which Jung claimed enables the premonition of situations in which human’s perception of complex situations contributes to the development of the human being (Jung, 1960, p. 269). Jung argued that the combination of this type of intuition: “namely, the archetypes of perception and apprehension” with instincts constitutes the collective unconscious (Jung, 1960, p. 270). Partly based on Bergson and Baldwin, Jung argues that this premonition and collective unconsciousness develops over time and is incorporated into people as a type of cultural learning, intuitive understanding, and flexibility in behavior. Man’s relationship to nature and archetypal references to nature, through myths, legends, and instincts, must be understood against this background.

Jung’s theory was that some strong archetypes have been found in all cultures, since time immemorial. Natural environments have followed human beings through evolution, so in that sense there should be strong archetypes related to both objects and events in nature. Nevertheless, Jung did not propose any specific nature archetype, despite the fact that many myths and legends are linked to particular types of natural areas. These are also associated with mythological figures. However, it can be interpreted as it was on the verge that Jung proposed habitat types. During his travels in Africa, Mexico, etc., Jung met many representatives from indigenous people and wrote on the basis of these experiences about the archaic man. An archaic person does not believe in god, he knows that god exists, Jung said (Sabini, 2008). This is not least because god is tangible, you can experience god purely physically; see, hear or feel god. Archaic religions are usually intimately associated with natural phenomena such as the sun, the moon, thunderstorms, etc. However, Jung may have suspected that it might be considered a blasphemy to call these phenomena, linked to gods, archetypes. In Sabini (2008, p. 114), Jung describes an incident where a Pueblo chieftain points to the sun and calls it his god, his father. C. G. Jung was very interested in nature and loved being there. He also claimed that human beings have a need to be in natural environments in order to stay whole and healthy. Especially for our mental health, he argued, it is important to have contact with nature: “Natural life is the nourishing soil of the soul” he said, and: “Human existence should be rooted in the earth” and: “Nature is an incomparable guide if you know how to follow her” (Sabini, 2008).

Today, more and more researchers are studying theories regarding archetypes in different scientific disciplines (Winborn, 2016). Among others, Hogenson (2001), MacLennan (2006), Stevens (2012), and Oatley (2019) argue that modern research shows that archetypes and the collective unconsciousness can be linked to evolution, and also to epigenetics. In cross-cultural empirical studies, research results seem to support that people have an inherited ability to recognize symbols and understand their meaning (Sotirova-Kohli et al., 2013). Researchers also discuss the relationship between archetypes and new research findings on epigenetics (Anderson, 2016; Roesler 2018). In this article, we will use the concept of nature archetypes. In ancient Greek philosophy, arche signifies the origin or the principle of a thing. Typos is an ancient Greek word which means model, impression, or form.



Environmental Psychological Theories and Findings Which Could Be Linked to Archetypes

The booming interest in Jung and archetypes shown by researchers in landscape architecture and landscape planning, may possibly be explained in part by the fact that rapid globalization and urbanization is making public urban green spaces throughout the world increasingly uniform, but perhaps mainly because more and more research shows that people’s stay in nature affects their health in a positive way. Studies show that nature and gardens do affect human health positively, especially when it comes to reducing stress levels and rehabilitating people affected by stress-related mental illness (Egorov et al., 2016; Grahn et al., 2017; van den Bosch et al., 2018; Nilsson et al., 2019). However, we know too little about what qualities natural areas should have, in order to be health promoting. Most theories that seek to explain health effects are based on evolutionary hypotheses; that is, human beings’ roots or ancient “home” are to be found in certain natural landscapes. Examples are the Attention Restoration Theory (Kaplan, 2001), the Stress Reduction Theory (Ulrich, 1993), the Supportive Environment Theory (Grahn et al., 2010; Stigsdotter et al., 2011; Adevi, 2012), and the Biophilia Hypothesis (Wilson, 1984).

Fromm (1964) used the term “biophilia” to describe a mental, emotional/instinctive, attraction to all that is alive and vital. The biophilia hypothesis, later developed by Wilson (1984), proposes that the human being has an innate tendency to focus on life-forms in natural landscapes. He claims that it is an “urge to affiliate with other forms of life” or “the connections that human beings subconsciously seek with the rest of life.” The strongest expressions of the biophilia hypothesis are its opposite: biophobia (Ulrich, 1993). Human beings react extremely quickly and strongly to biophobic phenomena like snakes, spiders, darkness, steep cliffs, and blood (Ulrich, 1993; Ottosson et al., 2015). There are some common features of the natural elements that these theories propose as health promotive. As far back as the 1970s, Appleton (1975) suggested that we probably have an innate preference for what are known as prospect/refuge locations in nature, such as forest edges. Orians (1980, 1986) and Orians and Heerwagen (1992) suggested that through evolution human beings have developed a high preference for savannah-like environments: grassy areas where trees grow sparsely; it is moderate with shade and the ground is usually reached by the sunlight. In such environments, Orians (1986) claims that human beings appeared as a species millions of years ago. Balling and Falk (Balling and Falk, 1982; Falk and Balling, 2010) suggested that human beings have a special innate love for trees with wide canopies, which are also found on the savannah. The environmental qualities described by Appleton (1975, 1990), Balling and Falk (1982), and Orians (1986) are proposed by Ulrich (1993) to reduce stress. He asserts that natural environments should contain a depth, i.e., too open natural environments such as deserts and too dense natural environments create insecurity and thus do not reduce stress, promote restoration and health promotion (Ulrich, 1993).




AIMS AND OBJECTIVES

The hypothesis is that people, to a significant extent, categorize objects and phenomena in natural environments based on inherited mechanisms. We assume that there is a connection between different objects/phenomena in nature, based on their associations with inherited impulses and behaviors. Archetypes – symbols, characters, and situations – are fundamental elements of religions, myths, legends, and folk tales (Sharp, 1991). Our intention is, therefore, to describe such contexts, from archaic time till today, based on connections in our empirical material. The purpose of the study is to investigate whether there is a clear connection between nature experiences, and whether these relationships form separate entities that can be described and interpreted based on theories related to archetypes and/or biophilia. The analysis aims to summarize a large variety of natural elements/natural phenomena to a manageable level and illustrate their relationship. Our hypothesis is that these relationships can be explained based on people’s more or less subconscious positions. These relationships can possibly be used to better understand how human beings are influenced by nature.

In addition, we assume that these clusters of natural phenomena evoke similar experiences in most individuals. Emotions linked to such archetypal experiences should be linked to basic emotions, such as fear, avoidance, and stress or to positive feelings of wellbeing, relaxation, and feelings of safety.



MATERIALS AND METHODS

In order to understand how people categorize objects and phenomena in nature, it was decided that an extensive questionnaire should be created. Nature can be defined as the phenomena of the physical world collectively, including plants, animals, the landscape, and other features and products of the earth (Oxford English Living Dictionaries, 2019). According to Johnson et al. (1997), the natural environment consists of all living and non-living things occurring naturally. It encompasses the interaction of all living species, weather, climate, and natural resources that affect human survival, including animals, vegetation, soil, rocks, atmosphere, and natural phenomena that occur within their boundaries and their nature.

This study was delimited to southern Sweden, with its characteristic type of natural landscape. Southern Sweden’s nature belongs to the nemoral natural geographic region, representing the main part of Central Europe, with forests of deciduous trees like European beech (Fagus sylvatica), European ash (Fraxinus excelsior), hornbeam (Carpinus betulus), and a limited presence of coniferous forests, mainly Norway spruce (Picea abies) and Scots pine (Pinus sylvestris; Paine, 2008). Closer descriptions of characteristics of the southern Swedish landscape are depicted in larger compilations, such as the National Atlas of Sweden (Nordiska ministerrådet, 1984; Selander, 1987; Helmfrid et al., 1994; Raab and Vedin, 1995).

Based on the above, a comprehensive questionnaire was constructed by the authors, where a large number of objects and phenomena in natural environments in southern Sweden were listed. These were intended to include as many types of significant elements as possible, in terms of experiences in natural environments that people can relate to. These elements include vegetation, animals, and landscape formations such as mountains, lakes, and watercourses as well as the cultural elements that usually belong here, such as roads, paths, buildings, and enclosures. Common weather types and celestial phenomena are also included. The most recognizable and relevant elements for the public were included in the questionnaire. This list was sent to eight colleagues in environmental psychology and landscape architecture, who included suggestions for additions. The final list contained 261 objects and phenomena in the natural environment in Southern Sweden. The aim was for collected data to be analyzed using multivariate statistical programs, such as cluster analysis.

Cluster analysis groups a set of objects in such a way that objects in the same group – a cluster – are more similar in some sense or another to each other than to objects in other clusters. Results from cluster analyses must be interpreted in order to become meaningful (Everitt, 1980; Rokach and Maimon, 2005). There are many different types of cluster analyses. Hierarchical clustering, which we chose to use, connects objects to form clusters based on their distance. This can be represented using a dendrogram, which explains the name “hierarchical clustering”: these algorithms provide an extensive hierarchy of clusters that merge with each other at certain distances. In a dendrogram, the y-axis marks the distance at which the clusters merge, while the objects are placed along the x-axis such that the clusters do not mix.

The comprehensive questionnaire was initiated with a tutorial: “Do not think too long about what to answer. Your spontaneous response is usually the correct one.”

Then the question:


“How much do you like ….”
 


The response options were from 1 = not at all to 5 = a lot. There were opportunities to add more things – such as specific types of rocks, lakes, sounds, or smells. Some took advantage of this opportunity but later discovered that these questions came further on in the form. Therefore, we received no unique additions to the questionnaire from the respondents.

The form contained no pictures, only linguistic formulations, which means that individuals themselves were allowed to form their own opinion. Presenting an image limits the imagination of the respondents. For example, we wrote “small country lane with green in the middle,” or “pick-stone,” where the person could refer to their own memories of small stones and roads – and how they can be further linked to environments with trees, herbs, and landscape formations; associations that ultimately form clusters. The objects in the questionnaire were grouped with, for example, trees, smells, and sounds separately.

The questionnaire was sent to respondents 1 or 2 weeks before they attended a lecture. They were required to fill out the questionnaire before attending. The purpose of the lectures was to extract a number of fully completed questionnaires. The lecture in itself was a standard lecture in the regular course provision. In total, there were 19 lectures for nursing staff in their further education programs (124 respondents), students of medicine or nursing in the regular course provision (278 respondents), and patients and or people living in nursing homes in their regular range of activities and lectures (145 respondents). Overall, there were 547 respondents, of whom 454 were female and 92 were male (1 missing data). Sixty respondents were foreign-born but most had grown up in or lived in Sweden for a long time. None of the respondents had any difficulties in interpreting and filling in the questionnaire, which was in Swedish. Thirty-one respondents were born in the Nordic countries, 22 in the rest of Europe, and 7 in countries outside Europe. Of those born in the Nordic countries, most came from Finland (17), followed by Denmark (9) and Norway (5). Of the informants who came from the rest of Europe, most came from Poland (9) and the former Yugoslavia (7).

The Ethics Committee at Lund University Approved the Study. Connectivity based clustering is a group of methods that differ in the way distances are computed. We used Ward’s cluster method to group the answers (Ward, 1963). Ward’s method is suitable to use when dealing with quantitative variables with multiple response options. Ward’s minimum variance criterion minimizes the total within-cluster variance. Hence, Ward’s method provides clear clusters, well separated from each other. Input data from the questionnaire (Likert items) were ordinal data. We used SAS Proc Distance, Method = Euclid, to translate ordinal data to Euclidian distances. The new data set was put into Proc Cluster Method = Ward. Wards minimum-variance cluster method uses squared Euclidian distance data. This method is based on agglomerative hierarchical clustering procedure: each variable begins as a cluster by itself. The two closest clusters are then merged to form a new cluster that replaces the two old clusters. Merging of the closest clusters is repeated until one single cluster is left. A shortcoming in the method is that it is sensitive to outliers (Milligan, 1980). For this reason, we chose to use SAS TRIM option, and, in addition, we used the SAS method Centroid to define outliers. The centroid method is more robust to outliers than most other hierarchical methods but in other respects, does not perform as well as Ward’s method (SAS Institute Inc, 2018).

The semipartial R-square (SRSQ) is a measure of the homogeneity of merged clusters. That is, how similar the cluster elements are to each other. The SRSQ value should be as small as possible to imply that two homogeneous groups should merge. The SRSQ values are used when drawing dendrograms of how the clusters relate hierarchically to each other, their relationship. Very small values of SRSQ imply that these are not plotted in the dendrogram (see Figure 1). The dendrogram is helpful in determining how many clusters are relevant to consider as independent. In addition to the visual assessment using the dendrogram, some statistics are available for determining the number of clusters. Three types of statistics are considered: First, the root-mean-square standard deviation (RMSSTD), which is a measure of homogeneity within clusters. A marked decrease or increase of RMSSTD-values may indicate that a satisfactory number of clusters have been reached. Second, we used Pseudo F statistics (PSF) as guidance for finding the appropriate number of clusters. If PSF receives a clearly higher value, cluster analysis has a stability, which means a proposal for the best number of clearly separated clusters. Third, we used Pseudo T2 statistics (PST2). Where PST2 have a clearly lower value, the analysis is more stable. The ideal is where PST2 has a lower value where PSF also has a higher value and that a decrease or increase in RMSSTD values is also found, which together indicates that a satisfactory number of clusters have been achieved (Milligan and Cooper, 1985; Bruun Brockhoff et al., 2005; SAS Institute Inc, 2013, 2018). SAS Software 9.4 was used in the statistical analyses.
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FIGURE 1. Cluster dendrogram. The dendrogram is based on the participants’ preferences for different qualities in nature. Y-axis, semipartial R-Square; X-axis, clustered preferences.


As already mentioned, results from cluster analyses must be interpreted to become meaningful (Everitt, 1980; Rokach and Maimon, 2005), and our ambition was to describe archetypal wholes. In order to understand how people connect different objects and phenomena in natural areas to special entities, these must be put into their cultural context.

The results were interpreted based on references to research in, for example, environmental psychology and landscape architecture. Our aim was to investigate whether it was possible to interpret the clusters based on archaic conceptions, linked to southern Sweden. The participants in the study are Swedish, as are the researchers in the study. We, therefore, chose to interpret the connections based on a Western cultural and literary canon (Bloom, 1994), and in particular based on a Swedish cultural and literary canon. It includes the Bible as well as myths, fairy tales, and gods that are linked to Swedish pre-Christian religion. These beliefs belong to world of the ancient gods, with heroic fighters – the Æsir gods, and those bringing fertility – the Vanir gods. There are also elves, trolls, and creatures that belong to Scandinavian folklore. The literary canon includes novelists such as Selma Lagerlöf and Harry Martinson, poets such as Tomas Tranströmer, composers such as Evert Taube, children’s book authors such as Astrid Lindgren, filmmakers like Ingmar Bergman, and painters such as John Bauer and Anders Zorn; and in addition, books, movies, TV series, streaming media, etc., from the present day.

The lists of variables were read many times, and the members in the research group put in every effort to evoke comprehensive interpretations that could serve as nature archetypes (Jung, 1964, 1968) and/or holistic Gestalts (Perls et al., 1951).



RESULTS

The SAS TRIM option and the Centroid analysis suggested that four variables were outliers: “cloudberries,” “the buzz of the mosquitos,” “mixed conifer forests,” and “waterfalls.” The participants in the study came in most cases from southern Sweden where these phenomena are unusual, which might explain why they became outliers. These variables, therefore, came to be removed from the analysis, which thus contained 257 variables.

Table 1 presents the results of the cluster analysis. The cluster analysis starts with 257 variables, which are merged step by step to finally become a single cluster. Table 1 shows the last 15 steps. The left column shows the number of merged clusters, column two shows which clusters are merged and column three, semi-partial R-square, shows the distance between the clusters. Column four, RMSSTD, presents peaks at 13, 10, and 5 clusters. Column five, PSF, does not show any particular plateau of high values that can assist in the analysis. Column six, PST2, has a first clear low point at 11 clusters and a second low point at 13 clusters. The appropriate number of clusters should not be too high. Therefore, 10 or 11 clusters would be more appropriate than 13. The final choice of clusters is determined after a more qualitative evaluation. The final result came to be 10 clusters, because clusters 10 and 11 lay very close to each other in the cluster tree and were easier to interpret as one cluster instead of two (see cluster 5 in Table 2).



TABLE 1. SAS Ward’s cluster analysis of the respondents’ responses to the questionnaire.
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TABLE 2. Variables regarding objects and phenomena in the natural environment in southern Sweden that are included in Cluster 5.
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Tables 2–11 show which variables are included in the 10 clusters. We have chosen to include the numbers from the questionnaire. From this, it can be seen that the clusters have variables from several sections in the questionnaire.

Figure 1 shows a dendrogram over the cluster analysis. To begin with, it shows two very distinctly spaced main branches, with five clusters in each. The left main branch is divided into two distinct parts, with three clusters to the left and two to the right. The right main branch divides further down, suggesting that the clusters contained here are not as clearly separated. The right main branch divides with one cluster to the right and four clusters to the left.

The 257 different phenomena in nature came to be delimited into 10 separate clusters in the analysis. The result is interpreted below with references to archaic Scandinavian mythology, Swedish art, literature, and Christian religion, and to other research. To experience a landscape, with all its natural vicissitudes during the various phases of the day and the year, includes the whole body, all the senses. The landscape becomes a part of us, just as we become a part of it (Scriven, 2014). The landscape is hence perceived as situated and embodied (Ladouce et al., 2017; Adevi et al., 2018), and the discussion is based on this.


The Demanding Landscape

The dendrogram of the cluster analysis is divided into two distinct branches, of which we interpret one as more demanding – the demanding landscape. This is in turn divided into two parts: The first of these we interpret as the immense power of nature, dangerous to challenge, and it consists of three distinct clusters.


Cluster Number One

The first cluster collects concepts that deal with an inhospitable and threatening nature. It is as if taken from a horror movie with veils of mist, dangerous marshes, dead trees, ravens, predators, bats, and spiders. Several classic fairy tales and myths, such as the Grimm’s fairy tales, take place in such environments where witches and trolls dwell. The birds found here, such as ravens and crows, are intelligent birds loaded with a fateful and desolate symbolism: the birds of Odin (Table 3). The dead standing tree is an international danger symbol for products that kill, like the fire and the skull. This infertile, barren landscape should be avoided. The only thing that grows here is death cap, everything else is dead. However, there is a fascinating attraction to approaching these environments. In the literature, such landscapes can be found in, for example, Dante’s Divine Comedia (Alighieri, 2018) and Tolkien’s Mordor, in The Lord of the Rings (Tolkien, 2007). In some parts of the world, extreme forms of these landscapes could be found, such as the Death Valley desert in California. Major natural disasters, such as volcanic eruptions and tsunamis, also lead to this kind of landscape, as well as extensive war. The closest we can think of in the Nordic region are areas affected by large forest fires.



TABLE 3. Variables regarding objects and phenomena in the natural environment in southern Sweden that are included in Cluster 1.
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We associate the phenomenon with feelings of angst and escape, with a landscape where the god Odin – the god of wisdom and death – and his assembly of ravens (Huginn and Muninn) and wolves (Geri and Freki) rule (Ellis Davidson, 1990). Another association is the death kingdom of Hades: the realm of Hades is dark, misty, and gloomy. Here, the vast crowd of dead move like shadows in an eternal haze, impenetrable to the sun. It is a dark and dismal realm where bodiless ghosts flitter across gray fields. The Homeric poets found that all – heroes and villains alike – came to rest in the gloom of Hades. In the Homeric hymns, the realm is a dark, damp, and moldy place (Rayor, 2014). We propose calling the phenomenon this cluster points at “the Landscape of Death.”



Cluster Number Two

The second cluster contains extremes of weather phenomena, directly dangerous to human life and health such as hurricanes and floods after rain and storm. In this cluster, there is also the snake, an animal that many feel discomfort toward and fear of (Table 4). Terrible storms are central topics in many religions, such as in the Bible, with the flood of earth in the story of Noah’s Ark. Storms are also central themes in many modern books and movies.



TABLE 4. Variables regarding objects and phenomena in the natural environment in southern Sweden that are included in Cluster 2.
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In many parts of the world, the snake is associated with thunder, storm, and lightning. In the Nordic Pre-Christian religion, the battle between the thunder god Thor and the malicious and enormous snake Jörmungandr takes place (Ellis Davidson, 1990). It is about the immense and sublime power of nature, which sometimes expresses itself as a leviathan fury of nature, where man is often small and defenseless.

We propose calling this phenomenon “the Leviathan Storm” or “the Storm.”



Cluster Number Three

The phenomenon we find in the third cluster is about seeking a natural landscape that is powerful and sublime, but where a human is capable of mastery. The temptation is in the wilderness, far from built-up areas, where you have some protection at the fire and a shelter. The fire stands for safety and warmth (Table 5). The adventure is characterized by concepts like rafts and ruins. It is about challenging and exploring high mountains, the sea and wild rapids. During the adventure, focus is on survival, while it is also possible to sometimes dream away, thinking, for example, at the campfire. Such challenges can be more or less dangerous.



TABLE 5. Variables regarding objects and phenomena in the natural environment in southern Sweden that are included in Cluster 3.
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The god Heimdallr was sent by the other gods to the people, to teach them how to survive in the wilderness. He taught them to tame the holy fire, and crafts so that they could build houses and boats. He was also a guardian, with the sharpest hearing and vision that one could imagine. With his horn, he sent important messages to the people, especially if dangers were approaching (Ellis Davidson, 1990).

This nature archetype describes adventurers and their landscape, such as explorers of the Himalayas and the North Pole. Thor Heyerdahl, who explored the oceans of the world, with the raft Kon-Tiki and the papyrus boat Ra, belong in this nature archetype. Authors who focus on this phenomenon are Jack London, Mark Twain, teenage book author Enid Blyton, and Daniel Defoe with Robinson Crusoe, which has inspired, among other things, the creation of the popular TV series “Survivor.” This nature archetype of course also attracts people to more moderate challenges, such as hikes with overnight stays in tents, mountain hikes, canoe trips, etc.

We suggest that we call this phenomenon “Adventurous Wilderness” or “the Adventurer.”

The second distinct branch in this cluster is about challenges in a more populated landscape. These two nature archetypes have two sides, which can be interpreted as divine twins (Ward, 1968). At first, they are appealing and can be experienced as restorative, at least in the short term. They are, however, also challenging, and can be frightening, even lethal.



Cluster Number Four

This landscape leads to thoughts of summer holidays with sun, swimming, and boat trips. In Sweden, sun and heat are often welcome, not least in spring when they chase away the winter cold. The Swedes’ summer vacation is often about finding sandy beaches to sunbathe and swim, or maybe taking a boat out to the archipelago.

The Palace or Manor house stands as a symbol of power, civilization, success, growth, and wealth. Here, the sun shines from a clear blue sky over the beach and a calm sea (Table 6). The sun is a symbol of prosperity, usually represented by an important god of different religions: in ancient Egypt by the god Ra; in ancient Greece by the god Apollo, and in the Shinto of the goddess Amaterasu, and also in ancient Sweden. One of the oldest mighty gods – perhaps the oldest – was Ullr: the glowing, brilliant, and bright god, the god of hunting and of the sun (Ellis Davidson, 1990). Through the centuries and until now, the sun has been associated with power and wealth, not least in recent years, with lots of literature, films, and TV series with rich, powerful people living in castle-like buildings in landscapes with beaches, plenty of sun, and large motor boats. The growth of civilization is also represented in the form of new roads and crowds of people. This nature archetype is for Swedes one of the most attractive. However, as it often involves crowding and traffic jams, it can lead to stress.



TABLE 6. Variables regarding objects and phenomena in the natural environment in southern Sweden that are included in Cluster 4.
[image: Table6]

In the landscape with this kind of growth and development, everything is new, and nature becomes oppressed. Among farmers, too much rain as well as too much sun have been associated with concern: The sun of prosperity could unexpectedly change to a burning sun with drought and bad harvest as a consequence. In the Greek mythology, Icarus flew against the sun, despite his father’s warnings (Pinsent, 1982). The wax that held together the feathers in his suit melted by the heat from the sun, so Icarus fell to his death. The story is about hubris, that power and assets are blinding, so people refuse to listen to warnings. The barbed wire, walls and throng, can also tell an ancient story of defense of wealth. Today’s climate change, where even large rivers and lakes dry out, mean that people in these areas need to search for more fertile landscapes, but these people often meet walls and barbed wire. This is probably no new phenomenon, rather an ancient one. The cluster points to development that leads to a grand existence in the sun for some, others being excluded.

We propose to call this, “the Landscape of the Sun.”



Cluster Number Five

The fifth cluster points to an old-fashioned farmhouse in a forest landscape. Here, the farm is used in accordance with nature. People gather assets from forests and lakes to store berries, mushrooms, and fish. They live on farms with farm animals like sheep and cows. It is a winter landscape, with the moon and a night sky covered by stars.

The Nordic moon god Mani was enchantingly beautiful (Ellis Davidson, 1990). The moon is seductive and attractive but is simultaneously associated with evil powers, certain creatures, and death. In the Swedish mythological tradition, darkness and moonlight are associated with creatures such as trolls, gnomes, dwarfs, and ghosts. Two birds are present in the cluster: the swan and the pigeon, both representing purity, spirituality, and contacts with afterlife – and the cemetery is also a part of the cluster (Table 2). It is midwinter, a complete and devotional silence prevails. It is about the threats of winter coldness, darkness, and the unknown – to vigil until the morning light and safety – such as in the ancient Swedish Lucia celebrations (Hellquist, 1922; Alver, 1976).

Several poems and literature references are found in Sweden, in older hymns such as Silent night, and in Viktor Rydbergs “Tomten” which is about a Swedish folklore watchman, a household spirit which can be compared with the British brownie (Fredriksson, 2018).


“Tomten”

Midwinter’s nightly frost is hard –

Brightly the stars are beaming;

Fast asleep is the lonely Yard,

All, at midnight, are dreaming.

Clear is the moon, and the snow-drifts shine,

Glistening white, on fir and pine,

Covers on rooflets making.

None but Tomten is waking.

Gray, he stands by the byre-door,

Gray, in the snow appearing;

Looks, as ever he did before,

Up, at the moonlight peering;

Looks at the wood, where the pine and fir

Stand round the farm, and never stir;

Broods on an unavailing

Riddle, forever failing.
 


This old landscape, with tiny farms inside large, old coniferous forests is part of the Swedish folk soul, important in novels by Selma Lagerlöf, poetry by Gustaf Fröding and in stories for children by Elsa Beskow. This landscape, which both scares and attracts, is also found in many Nordic fairy tales, about trolls and elves and the like, but this kind of landscape also seems important in Western fairy tales such as “Hansel and Gretel” and “Snow White and the Seven Dwarfs.” Parts of this landscape also moves into Swedish cities, as folklore parks and museums, for example, Skansen in Stockholm.

This nature archetype, with winter, cold, large coniferous forest and simple rural life, both attracts and frightens. The darkness and the cold frighten, while the attraction lies in the activities and in the sense of staying in a landscape with large coniferous forests and lakes, which bear a distinct character of Swedish nature. Activities related to old-time farming, such as fishing and berry and mushroom picking, attract many Swedes. It is a landscape of melancholy, magical and at the same time bewitching and even eerie. We propose to call this “the Landscape of the Moon.”




The Restorative Landscape

The restorative cluster has two branches. One consists of a more pastoral cluster of activities in natural environments. This cluster in turn divided into four separate clusters. The other cluster, that is alone, relates to pure rest and recovery.


Cluster Number Six

The sixth cluster points to a pastoral landscape one walks through, where you move through lush deciduous woods of different species and then walk through the open countryside, over plains, and hills, where small creeks and brooks run (Table 7).



TABLE 7. Variables regarding objects and phenomena in the natural environment in southern Sweden that are included in Cluster 6.
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In Nordic mythology, Odin often travels on long walks in the landscape, to meet human beings and solve problems; disguised, often with gray cape and wide slouch hat. For his help, he often has his loyal friend Hœnir as a guide and pathfinder. A third person who usually accompanies is Loki. Odin and Loki are both seen as ambiguous and difficult to understand, where Loki is the god who is the most enigmatic and hardest to comprehend. He often gives good help, but deep down he is wicked and willing to betray (Ellis Davidson, 1990). In the Lord of the Rings, a similar theme is found with the three walkers Frodo, Sam, and Gollum. Frodo must solve a serious problem; Sam is the loyal helpful friend while Gollum is a deceitful companion. Possibly, this theme reflects difficult internal dialogues, which have characterized mankind for millennia, and which individuals have to contend with on long walks.

More than anything else, hiking is a bodily act that unites man with the landscape. You do not only observe the landscape as a view: you move through it, where all the senses are present. During a long walk you more or less could become absorbed by the landscape. It is an activity during which the embodied-self experiences the natural landscape. Long pilgrim walks often take place in beautiful, enchanting landscapes which are crucial factors in these walks, as it is through the embodied and sensory interactions with the surrounding nature that pilgrims can have personally meaningful experiences (Scriven, 2014). Known pilgrim paths are the Christian Camino in Spain, the Buddhist Shikoku and the Shinto Sangu in Japan, where the path, the landscape and the individual person become interwoven. The pilgrim has left his/her daily routines, and on these walks, in slow pace, the pilgrim lowers his/her guard, physically and mentally. This results in the pilgrim opening up to take in the surroundings, enabling meditation at a deeper level. On these paths, there are moments and meetings that facilitate an inner dialogue, whether understood to be with oneself or with the Divine (Maddrell et al., 2015).

Wandering is a recurring theme in many books and films, such as “Here is your life” by the Swedish Nobel Prize winner Eyvind Johnson and “Rasmus and the vagabond” by the children’s book author Astrid Lindgren. Hiking is a popular leisure activity, not least in Sweden, where nature trails are expanded throughout the country.

We propose to call this “the Landscape of the Wanderer” or “the Path.”



Cluster Number Seven

The seventh cluster is about sensory experiences; sight, hearing, and scent, often associated with the changes of the seasons and water: dripping water as the snow melts, leaf cracking, but also autumn leaves. Large parts of the cluster are about the power of life tied to water, and perceived by subtle, sensual experiences. Many variables are linked to wet areas such as lakes and beaches, reeds, and rushes (Table 8). On the other hand, the stone, which is found in this cluster, is stable and does not change character. Even the shifts of the seasons are in themselves eternal. It is about marveling about this cycle of life and the eternity. In the pre-Christian Sweden, there were the goddess of water and the creation of life; Nerthus (Vikstrand, 2001; Ingelman-Sundberg, 2004).



TABLE 8. Variables regarding objects and phenomena in the natural environment in southern Sweden that are included in Cluster 7.
[image: Table8]

The Japanese and Chinese gardens often contain rocks, moss, and water that can symbolize the theme. Swedish writers who have worked with the theme are Swedish Nobel Prize winner Harry Martinson, and Erik Axel Karlfeldt with the poem “Autumn’s Spring” and Karin Boye with the poem “Yes, of course it hurts.” It is about a phenomenon that treats the rhythm of life, the waves, and lapping of waves – the lapping of life. The old stone that does not change is in contrast to everything that changes.

We propose calling this “the Eternal Cycle,” or “Eternity.”



Cluster Number Eight

This is about an older culture and farming landscape where there are plenty of traces of human work and values, where parts of the landscape form central concepts in Swedish folk tradition and poems. Here you will find the “warden trees,” the grove, meadows, grazing lands, mountain farms, hay-fences, and several different types of fields (Table 9). The fields are enclosed with roundpole or dry-stone fences. In contrast to the landscape that is set forth in cluster 5, this landscape is bright and more associated with joy and expectations. Some old, larger deciduous trees in the cultural landscape were seen as holy in the ancient Nordic region – the warden trees. The god of sowing, harvesting, and fertility is Freyr (Ellis Davidson, 1990), and he belongs here.



TABLE 9. Variables regarding objects and phenomena in the natural environment in southern Sweden that are included in Cluster 8.
[image: Table9]

This landscape is the image of the Swedish cultural landscape, which has been described by Gustaf Fröding, Erik Axel Karlfeldt, August Strindberg with the People of Hemsö, and songs by Evert Taube. Important in this context are also Astrid Lindgren’s children’s characters, like the children in Noisy village, and Emil of Lönneberga.

We propose to call this “the Pastoral Cultural Landscape” or “Fertility.”



Cluster Number Nine

People have a positive attitude toward the animals that appear in cluster nine. Many of these animals live in or near cities, towns, and villages, such as starlings, swallows, larks, hedgehogs, roe deer, hares, and squirrels. Wild animals have played an important role in people’s everyday lives in the Nordic countries, not least the friendly or felicific animals (Table 10). In Nordic mythology, the whole world consists of a huge tree: Yggdrasil. For the tree and thus the world to last, it is monitored, among other things, by a number of guardian animals. At the top there are two birds of prey, an eagle “Hräsvelg,” and a hawk “Väderfölne,” as well as deer. A squirrel, Ratatoskr, runs with messages from the roots up to the eagle (Enoksen, 2006). In the Bible, the wild animals also have a significant role. Therefore, Noah saves the animals in the giant ark. In Nordic folklore, which is still alive in northern Sweden and Finland, some birds were seen as sacred: the eagle, the crane, the cuckoo, and especially many seabirds as they master several elements – air, land, and water. The most sacred was the swan, which could travel back and forth to the kingdom of death (in cluster 5). Small birds, such as the robin, the lark, and the blackbird, were considered to be soul-birds. They were manifestations of the deceased’s souls, ancestors, or guides/followers to the deceased (Salo, 2018). In fact, C.G. Jung emphasized the animal archetype. It is sublime, he said, and represents the divine side of the human psyche (Jung, 1953, 1992; Hannah, 2006). The elk is an animal that has had an important place in mythology and religion in the Nordic countries since time immemorial. Hedgehogs were considered to give luck to the home and hurting a hedgehog might bring great misfortune to the home (Schön, 2002). These animals could also be connected to fylgjur. In Norse mythology, a fylgja was an individual’s alter ego and guardian spirit, which sometimes could show itself in animal form. Good and kind people had nice fylgjur (Mundal, 1974).



TABLE 10. Variables regarding objects and phenomena in the natural environment in southern Sweden that are included in Cluster 9.
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Even today, several of these animals have a clear symbolic meaning. In fables or proverb, animals may represent certain roles or human characters, where they express clear human qualities, such as the wise owl, the happy lark, the elk as the king of the forest, etc. Walt Disney has this theme in movies, such as Snow White, where birds, hares, and deer help out. There is also an interest in having animals in the gardens or near the house. Today you often find animals of stone or metal, adorning gardens at people’s homes.

We suggest that this cluster be called “Likable Animals,” the “Guardian Animals,” or “the Guardian.”



Cluster Number Ten

Here are several objects clustered, that in the Nordic region are associated with summer, holidays, enjoyment, relaxation, and vacations, such as water lilies, butterflies, birdsong, flowers, fruit trees, arbors, and hammocks (Table 11). Here is also the bridge, the small harbor, and the scent of sea – something that relates to holiday life on the coast, which is loved by Swedes. The cluster contains no wildlife but is human-made or influenced by humans. There is nothing that threatens the idyll; no job and no duties.



TABLE 11. Variables regarding objects and phenomena in the natural environment in southern Sweden that are included in Cluster 10.
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In the Nordic pre-Christian religion, you could hear about the god Balder’s dwelling Breidablick, located by a river, and mentioned as “A more beauteous place may not be found.” It is clean, green, and indeed most pleasant. Other references are the fruit tree of the Garden of Eden, the epicureans’ pleasure, the flowers of the hedonists. It is about relish, rest, and fertility, to find the way to the soul’s enjoyment. Additional sources are Bellman: “Sit down around the spring here”; Astrid Lindgren:” Seacrow Island,” and ballads by Evert Taube and, more contemporary, Ulf Lundell.

We propose to call this “the Garden of Eden.”





DISCUSSION

More and more, nature is described in forms of archetypes in e.g., landscape planning, landscape architecture, and geography (e.g., Hartel et al., 2018; Nogué and Wilbrand, 2018, Evers et al., 2019). In Landscape and Memory, Schama (1995) focuses on the relationship between human perception of the physical environment, not least the natural environment and landscape, and human traditional culture. These relationships are intertwined with each other and preserved in legends. Schama finds evidence of this in different cultures, in different eras, all over the world. The myths are revealed in ceremonies, poems, and visual arts, and Schama refers to certain natural elements as archetypes. In this article, we have investigated whether people group different types of phenomena in nature into categories that can be described as archetypes. We asked 547 people in southern Sweden to comment on 257 different natural phenomena. These were grouped into 10 distinct clusters, which we interpreted as archetypes that can be related to powerful old southern Scandinavian myths.

The result as a whole shows clear phenomena that we judge as providing relevant information. Tables 2–11 show that respondents were thorough when filling in the form. For example, in cluster 3, we find that two questions that are far apart in the questionnaire cluster together strongly (176: “the sound of a fire” and 252: “the campfire”). There are several other examples. These show a validity in the material. We find that the clusters are reasonable; hardly any variables have ended up in the wrong cluster. The questionnaire puts sounds in nature and smells in nature separately. Nevertheless, campfires and the sound of the fire came to cluster together very strongly, which indicates that respondents filled out the forms carefully. Some parts could be expected, such as that several species of birds and species of trees, respectively, should end up in the same cluster. However, it is interesting that ravens end up among large predators and spiders in cluster 1, while small birds end up with squirrels and hares in cluster 9. Another evidence that the result is valid is that the 10 clusters describe characteristic features of Sweden’s landscape. For instance: cluster 5 can be interpreted as the taiga, the world’s largest land biome, which covers a large part of northern Sweden. Cluster 6 describes the biome that makes up a large part of southern Sweden: the nemoral temperate broadleaf forest.

The 10 clusters can be attributed to two main types: the first five are more demanding while the five later ones are restorative. Clusters 1–3 are about dangers in nature, where the first two deal with environments that are life-threatening and the third is about a demanding and challenging wilderness, where you will encounter hard fascination while there is also scope for mindfulness and soft fascination – you can, for example, drift off into dreams when you rest by the campfire (Kaplan and Kaplan, 1989). Clusters 4 and 5 relate to civilization, where the modern society in cluster four and the darkness and cold of winter in cluster five are demanding. Clusters 6–9 refer to a restorative, pastoral landscape, while cluster 10 is a landscape of pure rest and enjoyment.

We suggest that these archetypes have a strength and vitality that can both be perceived and communicated and can affect the visitors’ psychophysiological status.


On Archetypes and Innate Preferences Obtained Through Evolution

Initially, the article described how many researchers called for useful descriptions of qualities in green areas. Some researchers suggest that archetypal descriptions of landscapes might work because these provide a holistic, fair description of natural areas (Hreško et al., 2015; Cullum et al., 2017). Others also make connections to Jung’s theories about archetypes, and moreover to environmental psychology (Bourassa, 1988; Nash, 1997; Wilkinson, 2015; Xing and Chen, 2018). Thus, they can be used to explain how nature areas can function health-promoting.

Over the past 35 years, more and more research has shown that staying in special natural environments is curative for humans, with many research results pointing to the fact that staying in nature provides a recovery from high levels of stress (Egorov et al., 2016; Nilsson et al., 2019). In these cases, nature is described as restorative. Restoration is defined as the recovery of diminished daily functions and capabilities, largely during people’s free time (Han, 2018). Restorative environments are defined according to von Lindern et al. (2016) as environments that both permit and promote restoration. In parallel, there is evidence showing that people’s ability to process crises increases when they stay in natural areas. In these cases, nature is described as instorative. The word instorative relates to instauration – meaning an act of instituting or establishing something. Instorative effects are about how nature areas appear to act as catalysts; necessary in accelerating the processing of crises so that reorientation is achieved faster (Hartig et al., 1996; Stigsdotter and Grahn, 2002, 2003; Nilsson et al., 2019; Dushkova and Ignatieva, 2020).

In terms of both the restorative and instorative potential of nature, reference is made to man’s long history of functioning and survival in nature, about evolution and the archaic man. People who suffer from high levels of stress restore their capacities when staying in natural environments but not so in built-up environments (Ulrich, 1993; van den Bosch and Bird, 2018). When grief, depression and life crises take over, people seek clear relationships that can provide consolation and offer solutions. People can be difficult to relate to, as well as cities and settlements. Natural areas, however, seem to be able to offer consolation and reflections on the life situation that can work instorative; develop coping strategies and lead to ways out of crises (Grahn et al., 2010; Sahlin et al., 2012; Pálsdóttir et al., 2014). However, most of the studies – especially regarding restorative effects – have used extreme types of natural environments and built-up environments: tranquil alluring and bright natural environments against the gray noisy city. Though, it is unlikely that all natural environments will reduce people’s high stress levels (Bixler and Floyd, 1997). It is, therefore, important to be able to describe the qualities of the outdoor environments concisely, with a limited number of factors in order not getting lost in the details.

Studies dealing with the development of health-promoting green spaces often refer to the qualities that Appleton (1975) emphasizes in his Prospect-Refuge theory (e.g., Senoglu et al., 2018). Other authors refer to Orians (1986) and his savannah theory (e.g., Townsend and Barton, 2018) or to Wilson (1984) and his biophilia theory (e.g., Browning et al., 2014). These theories highlight individual aspects in natural environments. Kaplan and Kaplan’s (1989) Attention Restoration Theory contains four qualities which have been used to develop green areas (e.g., Stack and Shultis, 2013; Jang and Son, 2020). The Perceived sensory dimensions (PSDs) developed since the 1980s (van den Bosch et al., 2018; Stigsdotter et al., 2020), contain the qualities mentioned in the theories above (Appleton, 1975; Wilson, 1984; Orians, 1986; Kaplan and Kaplan, 1989) as well as some additional. The PSDs address the general content of green areas based on aspects such as species richness, space, seclusion, or tranquility. These are of a general nature and work all over the world, both in cities and in the countryside; for example, in Malaysia (Mansor et al., 2017), Serbia (Vujcic and Tomicevic-Dubljevic, 2018), China (Chen et al., 2019), Canada (Lockwood, 2017), Iran (Memari et al., 2017), and Denmark (Plambech et al., 2015). We suggest that these descriptions need to be supplemented with depictions of archetypal content, which include plant and animal species, watercourses, landscape formations, seasons, and symbolic significance. We assume that the archetypal content of nature influences visitors’ emotions and psychophysiological reactions; that the nature archetypes affect the stress system as well as the anti-stress system. The stress system includes the HPA axis which regulates cortisol levels, and the sympathetic nervous system. The anti-stress or the oxytocinergic system involves the parasympathetic nervous system and is linked to stimulation of social interaction, decreased stress levels and stimulation of restorative processes and growth (Uvnäs-Moberg, 2013).

According to Jung, archetypes have guided man through crises during all times (Jung, 1968; Knox, 2004). As stated by Jung, the archaic man had a close relationship to nature as well as to the gods who revealed themselves in natural environments in the form of the sun, the thunder, and other powerful natural phenomena (Sabini, 2008). Nature archetypes are supposed to be innate and are assumed to guide people regarding typical social phenomena and patterns of action that have followed human beings through evolution. The most widely accepted interpretation today of Jung’s archetypes, is that they are innate dispositions to detect and react on objects or coherent patterns, so called archetypal images or symbols (de Coro, 2018). “The archetype is a tendency to form (…) representations of a motif – representations that can vary a great deal in detail without losing their basic pattern” (Jung, 1964). Since nature has followed humans for millions of years through evolution, patterns of action in relation to typical characteristics and phenomena in nature should have been inherited. However, researchers so far have focused on how visits in natural areas have affected the sympathetic nervous system, and not realized the possibility of including the calm and connection system in their explanatory models (Grahn et al., 2010; Uvnäs-Moberg, 2013; van den Bosch and Bird, 2018). In a follow-up article, we intend to develop a model for how nature archetypes interact with the calm and connection system.

This study suggests that humans can discover certain archetypes in nature. The study has been conducted entirely in a Southern Scandinavian context and, therefore, needs to be repeated in other parts of the world. For example, it would be interesting to see how many of the proposed 10 nature archetypes that will be re-discovered in other studies. Such could be interpreted to be more basic, innate while others could be interpreted to be more culturally bound.
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It has been shown that various types of stress initiate different physiological and neuroendocrine disorders. Oxytocin (OT) is mainly produced in the supraoptic nucleus (SON) and paraventricular nucleus (PVN) of the hypothalamus. Hypothalamic OT has antistress effects and attenuates the hypothalamic–pituitary–adrenal (HPA) axis. One mechanism behind the antistress effects of OT is mediated through the inhibition from GABAA receptors on corticotropin-releasing factor (CRF) expression at the PVN. Various manual therapies such as acupuncture, transcutaneous electrical nerve stimulation (TENS), and massage initiate the stimulation of somatosensory neurons of the body. It is well-known that TENS simulates OT expression, while it inhibits CRF expression at the PVN following chronic stress loading in rodents. Upregulation of OT expression at the hypothalamus is activated by the somatosensory stimulation, which is mediated via the spinothalamic pathway (the connection between the spinal cord and hypothalamus). Thus, somatosensory stimulation is beneficial in treating stress-associated symptoms. Hypothalamic OT is associated with the social behaviors, including maternal care and affiliation. Childhood neglect and/or child abuse are severely responsible for deleterious long-term effects on the cognitive/social activity and behavioral development. At parturition, a profound amount of OT is released into the systemic circulation in response to vaginal and cervical stimulation caused by the body of fetus, which induces the onset of maternal behavior. Peridural anesthesia effectively impairs the sensitivity to vaginal and cervical stimulation at parturition. OT levels in cerebrospinal fluid is significantly reduced following peridural anesthesia. The vaginal delivery mothers had significantly more OT pulses than the caesarian section (CS) mothers. Due to low levels of endogenous OT, maternal behavior could be interrupted by epidural anesthesia and CS at parturition because of the reduction of the usual sensory input from the genitalia.

Keywords: acupuncture, caesarian section (CS), epidural anesthesia, gastrointestinal (GI) motility, uterine contraction, HPA axis


IMPORTANCE OF HYPOTHALAMIC OXYTOCIN IN STRESS

Oxytocin (OT) is mainly produced in the supraoptic nucleus (SON) and paraventricular nucleus (PVN) of the hypothalamus. In addition to the female reproductive function, OT plays important roles in attenuating stress responses and anxiety (Takahashi et al., 2013). OT inactivates the hypothalamic–pituitary–adrenal (HPA) axis in response to various stress stimuli (Neumann, 2008).

OT inhibits corticotropin-releasing factor (CRF) mRNA expression at the hypothalamus, resulting in antistress and anti-anxiety effects (Windle et al., 2004). It has been demonstrated that the inhibitory effect of OT on CRF mRNA expression is not a direct one on CRF neurons. GABAergic neurons are present in the surroundings of the PVN (peri-PVN). These GABA-projecting neurons into the PVN inhibits CRF expression via GABAA receptors (Huber et al., 2005). Our previous study demonstrated that OT indirectly inhibits CRF mRNA expression via GABAA receptors at the PVN (Bulbul et al., 2011) (Figure 1). Others also showed that OT activates GABAergic transmission in the central amygdala (Huber et al., 2005).


[image: Figure 1]
FIGURE 1. Oxytocin (OT) inhibits corticotropin-releasing factor (CRF) expression via GABAA receptors at the paraventricular nucleus (PVN), which inactivates the hypothalamic–pituitary–adrenal (HPA) axis. In addition, others suggested that hypothalamic OT stimulates the production of alpha 2-adrenoreceptors in the nucleus tractus solitarius (NTS) and locus coeruleus (LC) on noradrenergic neurons projecting to the CRF neurons, which suppress CRF expression (Uvnäs-Moberg et al., 2015).


In addition, Uvnäs-Moberg et al. suggested that projection of hypothalamic OT enhances the activity of alpha 2-adrenoreceptors of the NTS (nucleus tractus solitarius) and LC (locus coeruleus), which then can influence the noradrenergic neurons projecting to the CRF neurons in the hypothalamus (Uvnäs-Moberg et al., 2015) (Figure 1). Thus, it seems reasonable that the inhibitory effect of OT on CRF expression is mediated via GABAA receptors and alpha 2-adrenoreptors.

It has been demonstrated that restraint stress accelerates colonic transit, while it delays gastric emptying of the gastrointestinal (GI) tract in rodents. Accelerated colonic transit and delayed gastric emptying induced by stress are attenuated by intracerebroventricular (icv)-injection of OT in rodents (Zheng et al., 2010; Yoshimoto et al., 2012).

Central, but not peripheral, administration of OT markedly improved delayed gastric emptying induced by restraint stress in mice (Babygirija et al., 2010) and rats (Zheng et al., 2010). Similarly, aggravated colonic motility induced by water avoidance stress was attenuated by the central injection of OT (Matsunaga et al., 2009). During the recovery period following restraint stress loading, microdialysis study showed a significant increase in central OT levels in rats (Babygirija et al., 2012).

Thus, central OT plays an important role in regulating stress-induced GI function. Although OT and its receptors are shown to be present in the smooth muscle cells, enteric neurons, and mucosa in the GI tract (Welch et al., 2009), peripherally released OT from these cells may not have a major role in mediating antistress effects.


Antistress Effect of Somatosensory Stimulation

It has been demonstrated that somatic afferent neurons originating from the skin and muscle are associated with the control of various autonomic nerve functions in rats and humans (Takahashi, 2013). The spinal–supraspinal pathways are responsible for somatosensory stimulation, which are mainly comprised of the posterior column pathway and spinothalamic pathway. The discriminative touch and sense of vibration activates peripheral thick myelinated afferent fibers, which then enter the ipsilateral posterior column pathway (dorsal column-medial lemniscus tract) and emerge into the contralateral spinothalamic pathway (Figure 2).


[image: Figure 2]
FIGURE 2. The posterior column pathway and spinothalamic pathway, which are responsible for the spinal–supraspinal pathways following somatosensory stimulation. These impulses are sent to the primary somatosensory cortex, through the thalamus. In addition, these impulses are relayed to other brain areas (brain stem, PAG, hypothalamus, etc.) via the collateral connections. Somatosensory stimulations, such as TENS, acupuncture, massage and skin touch, etc., promote antistress effects via stimulating somatosensory pathway, finally activating OT system at the hypothalamus. It has been shown that both somatic myelinated/unmyelinated afferent fibers mediate sympathetic nerve activities (Isa et al., 1985). Further studies are needed whether afferent myelinated and/or unmyelinated fibers are involved to mediate OT release from the brain. It remains unknown which afferent fibers are involved in the posterior column pathway and spinothalamic pathway.


In contrast, the thinly myelinated or unmyelinated afferent fibers activated by mild temperature and pain are carried by the contralateral spinothalamic pathway. These impulses are further sent to the thalamus and ultimately sent to the primary somatosensory cortex. In addition, these impulses are also sent to other brain areas, including the hypothalamus, periaqueductal gray (PAG), brain stem, etc., via collateral connections (Hendelman et al., 2010) (Figure 2).

Somatosensory neurons are stimulated by the various manual therapies, including acupuncture, transcutaneous electrical nerve stimulation (TENS), and massage. Acupuncture utilizes the procedure of insertion of sharp thin needles into the skin and underlying muscle layer. Inserted needles are sometimes stimulated by electricity under various frequencies [1–100 Hz; electroacupuncture (EA)]. In contrast to acupuncture, TENS does not involve the procedure of needle insertion; instead, electrodes are placed on the skin and stimulated by electricity with various frequencies (1–100 Hz).

Acupuncture and/or TENS have been applied for treating various GI diseases, including constipation, diarrhea, functional dyspepsia (FD), and irritable bowel syndrome (IBS) (Iwa et al., 2006; Takahashi, 2011). Previous studies showed that TENS applied to the acupuncture points at the hands and lower legs improved gastric symptoms in patients with FD (Liu et al., 2008).

Animal studies demonstrated that TENS and EA improved various stress-associated motor responses of the GI tract. Accelerated colonic transit and delayed gastric emptying induced by restraint stress are improved by EA at the lower legs in rodents (Iwa et al., 2006). It is well-known that autonomic neuronal function is disorganized by acute and/or chronic stress loading. Our previous study showed that EA augmented the parasympathetic activity and inhibited the sympathetic activity under the acute stress loading in rats (Imai et al., 2009). Others showed that EA attenuated the incidents of stress-induced defecation and reduced CRF expression at the hypothalamus in the rat IBS model (Ma et al., 2009).



Antistress Effect of Somatosensory Stimulation Is Mediated via Oxytocin

As pleasant touch increases the release of OT (Uvnas-Moberg et al., 1993), the pathophysiological effects of OT has been extensively studied with regard to its effects on mental activities and prosocial behavior (Koppel et al., 2017).

It has been suggested that OT levels in plasma as well as cerebrospinal fluid are increased by the various types of somatosensory stimulation (touch, massage, EA, thermal stimulation, and vibration) in anesthetized rats (Uvnas-Moberg et al., 1993). Others showed that massage-like stroking on the abdomen reduced blood pressure in anesthetized rats. As exogenously applied oxytocin diminished the effect of stroking, oxytocin system may exert an inhibitory effect on the blood pressure reflex (Kurosawa et al., 1995). These raise the possibility that TENS/EA/acupuncture may activate OT neurons at the hypothalamus, via somatosensory stimulation.

We have demonstrated that accelerated colonic transit induced by restraint stress is significantly attenuated by TENS in rats, which was abolished by the pretreatment with OT antagonists (icv-injection). In addition, we showed that TENS increased the number of OT-immunopositive neurons, while it decreased the number of CRF-immunopositive neurons at the hypothalamus following restraint stress in rats (Yoshimoto et al., 2012).

These strongly suggest that hypothalamic OT neurons are activated by the somatosensory stimulation, which is mediated via the spinothalamic pathway (Figure 2). Activated OT neurons, in turn, reduce CRF expression. This may promote the improvement of stress responses of GI tract.

It has been demonstrated that OT has special effects of decreasing background anxiety. Once OT neurotransmission is increased during the traumatic event, the formation of aversive memories will be prevented. Animal studies showed that when OT is administered prior to the training of fear conditioning or extinction, fear expression (the responses and behaviors to fear) was decreased in rats (Missig et al., 2010).

In human cases, the management of anxiety/stress and social functioning are often impaired in patients with posttraumatic stress disorder (PTSD).

Clinical trials showed that acupuncture is effective to treat the symptoms of patients with PTSD. People diagnosed with PTSD were divided into two groups: either an acupuncture treatment group or a cognitive–behavioral therapy (CBD) group. The study demonstrated that the acupuncture group provided a significant effect to improve their symptoms, compared with CBT group in PTSD patients (Hollifield et al., 2007).

Although there is no direct clue how acupuncture is effective for PTSD patients, our animal studies suggest that OT is likely to be released in response to acupuncture in these patients.

Traumatic stressful events activate the sympatho-adrenal system and the HPA axis. As mentioned before, OT can inhibit these systems, resulting, for example, in a reduction of cortisol levels. Thus, oxytocin may reduce fear responses and increase social functioning in patients exposed to severe stress, for example, in PTSD.

Although there are studies showing that oxytocin spray may decrease anxiety in humans, the recent systematic review of the randomized controlled trials (RCTs) demonstrated that the effect of OT spray on anxiety and depressive symptoms is still inconclusive (De Cagna et al., 2019).

We propose that TENS and/or acupuncture promote antistress effects via stimulating somatosensory pathway, finally activating OT neurons at the hypothalamus (Figure 2). As upregulated OT is responsible for antistress effects, somatosensory stimulation may have an important beneficial role in treating stress-associated various symptoms and diseases (Takahashi, 2013).




IMPORTANCE OF SENSORY STIMULATION OF OXYTOCIN RELEASE DURING PARTURITION

In placental mammals, the newborn infants are totally dependent upon nutrition (their mothers' milk). In addition, the sustained close relationship with their mothers is essential to maintain the body temperature for survival.

The bonding between the mother and infant is important in its influence on the infant's future. Child neglect and/or abuse during early life of the infant may develop abnormal mother–infant bonding systems, which may cause inappropriate social functions and/or behavioral activity later in life (Hildyard and Wolfe, 2002).

During pregnancy, OT expression is increased not only in the SON and the PVN, but also in other nuclei (Caldwell et al., 1987; Ludwig, 1998). At parturition, a profound amount of OT is released into the systemic circulation in response to vaginal and cervical stimulation caused by the fetus. During vaginal delivery, OT is substantially released into the systemic circulation from the posterior pituitary. Peripherally released OT induces uterine contractions during parturition through the activation of OT receptors of uterine smooth muscle cells.

OT is also released centrally to the surrounding brain nuclei (Gimpl and Fahrenholz, 2001). Once rats are received, the lesions at the PVN area during pregnancy, maternal behavior is significantly impaired in post-parturient (Insel and Harbaugh, 1989). In female rats that received an OT antagonist immediately after parturition, maternal behavior is significantly disturbed (van Leengoed et al., 1987). Thus, the hypothalamic OT-neuronal system plays an important role to initiate maternal behavior following delivery.

The skin-to-skin contact alter birth initiates maternal, vocal, and tactile interaction between the mother and infant. Because the mother becomes calmer and plasma cortisol levels drops, it is suggested that the antistress effects are induced by skin-to-skin contact. Oxytocin release in the brain is likely to lie behind these behavioral and physiological effects (Uvnäs-Moberg et al., 2015).


Peridural Anesthesia

It has been suggested that released OT in response to vaginal and cervical stimulation during parturition promotes nurturing behaviors and facilitates the mother–infant bonding after the delivery.

Peridural anesthesia effectively impairs the sensitivity to vaginal and cervical stimulation at parturition. In order to study the effects of peridural anesthesia on maternal behavior, sheep studies were performed. Pregnant sheep received either the early peridural anesthesia procedure (EP) or the late peridural anesthesia procedure (LP). When peridural anesthesia was performed at the late stage of parturition (LP), maternal behavior was only slightly altered, compared with controls (without peridural anesthesia). In contrast, maternal behavior was severely impaired in the case of EP.

Seven out of eight mothers failed to show any interest to their newborn babies in 30 min after the delivery, in the case of EP (Krehbiel et al., 1987). These suggest that the genital stimulation is an important factor for the rapid onset of maternal behavior in sheep.

The concentration of OT in cerebrospinal fluid is significantly reduced following peridural anesthesia, suggesting inhibition of the central release of OT during parturition (Krehbiel et al., 1987). It is highly likely that vaginal and cervical stimulation caused by the fetus activates OT system, which initiates the onset of maternal behavior.

Because stimulation of the uterine afferent nerves excites the neuronal activity at the PVN, specific sensory afferents may reach the PVN from the uterus. In addition, somatic afferents converge in the hypothalamus (Akaishi et al., 1988).

Electrophysiological study showed that pelvic nerves and hypogastric nerves are activated by the passage of the fetus down the vagina and cervices (birth canal) (Peters et al., 1987). Stimulation of the uterine afferent nerves, the pelvic nerves, and hypogastric nerves, increases the activity of the presumed OT neurons at the PVN (Akaishi et al., 1988).

Maternal behavior could be interrupted by epidural anesthesia at the parturition due to low levels of endogenous OT because of the reduction of usual sensory input from the genitalia. Thus, normal vaginal delivery may be important to develop maternal behavior in every mammal, including humans. One reason for the hypersecretion of OT during vaginal delivery, besides causing uterine contraction, is to prepare a potent mother–infant bonding (Uvnäs-Moberg et al., 2015).



Cesarean Sections

Released OT from the posterior pituitary induces uterine contractions during parturition, which helps the vaginal delivery. As OT plays an important role in the maternal care of newborn babies, the likely reason for the hypersecretion of OT during vaginal delivery is to prepare for the onset of maternal behavior for newborns. In other words, active labor and delivery stimulate the rapid release of endogenous OT, which helps in mother–infant bonding.

The age when women began to opt for elective cesarean sections (CSs) on request was a turning point in the history of childbirth. Today, in many countries, most women opt to give birth by elective CS on request, which may cause a reduction in releasing endogenous OT.

Is there any difference of hormonal pattern of OT between the women delivered by the vaginal route and the women delivered by emergency CS? Does the different pattern of OT release show any relation to the duration of breastfeeding?

To answer these questions, Nissen et al. (1996) compared the plasma level of OT and prolactin in 17 mothers with emergency CS and 20 mothers with normal vaginal delivery, in connection with breastfeeding on day 2 postpartum.

The plasma level of OT was significantly higher in the vaginal delivery mothers than those of the CS mothers. Furthermore, the CS mothers showed no significant rise in prolactin levels at 20–30 min after the onset of breastfeeding (Nissen et al., 1996).

However, it remains unknown whether CS women with reduced OT release have problems associated with mother–infant bonding. Further clinical studies are needed to investigate whether CS impairs the development of maternal behavior in humans (Takahashi et al., 2013). Further studies are also needed whether emergency CS may have a different OT pattern than planned CS.
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The neuropeptide oxytocin (OT) promotes maternal care and social affiliation in adults but its importance in infant attachment still remains unknown. True animal models of infant attachment are extremely rare, and the sheep (in complement to non-human primates) is one of the few that provides the opportunity to investigate its neuroendocrinological basis. In the lamb, access to the udder has strong rewarding properties for the establishment of a preferential relationship with the mother. Therefore, the present study explored the possible involvement of OT through its release during close social contacts with the mother. The first experiment revealed that lambs having free access to the udder from birth onward developed, by 12 h of age, a clear preference for their mothers over another maternal ewe. Delaying access to the udder for six, four or even only 2 h starting at birth, by covering the ewe’s udder, resulted in the lack of such a preference without affecting general activity. These effects persisted in most cases at 24 h but by 72 h of age a bond with the mother was clearly expressed. Experiment two showed that social interactions with the mother were followed by a release of OT in the plasma when lambs had the possibility to suckle. Non-nutritive interactions were without effects. Preliminary data on two subjects suggested that OT might also increase in the cerebrospinal fluid after suckling. Finally, in the third experiment, oral administration of a non-peptide OT receptor antagonist (L-368-899, Merck) over the first 4 h after birth led to decreased exploration of the mother’s body compared to lambs receiving saline, and impaired the expression of a preference for the mother at 24 h. The effects were no longer observed at 48 h. Our findings demonstrate that both delayed access to the mother’s udder and OT receptor antagonist alter the onset of mother preference in newborn lambs. This suggests that central OT facilitates the development of filial attachment through its release during suckling.
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Introduction

Preferential interactions and mutual bonding in mammals are usually linked to litter size, mobility of the infant, duration of parental care and sociality (1–4). Bonds are more likely to emerge in species raising only one or two young, highly mobile, and where the risk of misdirecting maternal care is high. Mothers recognise their young on individual features and develop selective care (5–7). Reciprocally, the newborn acquires a multisensory image of the mother that forges its behavior in a preferential manner towards her (8). This relationship may give rise to an attachment bond which refers to an affectional tie that one individual forms to another. Elaborated in humans first (9), this concept was then extended to other mammalian species (1).

The onset of parental and infant behaviors relies on the involvement of specific proximate factors: neurotransmitters-neuromodulators acting during the perinatal period, and learning processes of sensory information emanating from the two partners. Extensive research over the last decades has greatly improved our knowledge of the neuroendocrinological and neurobiological bases of parental care, infant behavior and social affiliation. While proven valuable to understand how proximate factors control the onset or the expression of such behaviors, two observations can be made from the available literature. The first is that we have a far better understanding of the mother than of the infant [e.g., (10, 11)]. The second is that studies focusing on infant behavior have favoured altricial species (12). As an international experimental model in neurobehavioral science, the rat pup was used to investigate early olfactory learning (13, 14), social play (15), maternal deprivation (16), and infant attachment (17, 18). The importance of these studies in understanding mother-young interactions is unquestionable but relates specifically to precocial species. A direct parallel between rat pups’ early learning abilities and the development of infant attachment is not conceivable, since until now there is no evidence that they develop an affectional tie with a specific caregiver as defined by Ainsworth (9) in humans and Gubernick (1) in non-human species. Therefore, it appears that the biological mechanisms leading to the development of infant attachment are still vastly unknown.

Infant attachment can be inferred from behavioral and neuroendocrinological responses: preference for the attachment figure (the caregiver) over another, maintenance of proximity, and distress responses following involuntary separation (increased vocalization, activation of the hypothalamic-pituitary-adrenal axis) are the most commonly used indices (1, 19). Clear experimental evidence comes from only a few species: some non-human primates [rhesus monkey: (20); titi monkey: (21, 22)], the guinea pig (19) and the sheep (2). Except for rare studies in rhesus monkeys (23, 24), our knowledge of the internal factors leading to the development of infant attachment is based on work carried out in sheep (25). Sheep are precocial mammals and their young develop a strong and enduring social bond with the mother that can be truly qualified as attachment (26–28). The initial step is the development of a preference for the mother observable in most lambs within 12–24 h after birth (29). The development of such preference is a learning process that relies on neuroendocrinological changes based on the success of the first suckling episodes. Should access to the udder be prevented for a few hours, lambs show a delay in discriminating their mothers from other maternal ewes (30). It appears that ingesting colostrum in the hours after birth is a key factor for the development of a preference for the mother (31, 32). The neonatal suckling activity triggers the release of cholecystokinin (CCK) in the blood, a gastrointestinal hormone which activates vagal afferent fibres and the brain stem (33, 34). Blocking the cholecystokininergic system with a specific antagonist that binds to peripheral receptors at birth prevents the development of a preference for the mother (35–37). While the initial internal factors involved in the onset of the bond seems to be located in the gastrointestinal tract, contributions of brain substrates are unclear. All we know is that similar outcomes are obtained with the use the opioid receptor antagonist naltrexone, revealing that the opioidergic system is involved (38).

Massive accumulation of knowledge concerning the involvement of oxytocin (OT) in social affiliation and bonding raises the question as to what extend this neurohormone may also be involved in the initial steps leading to infant attachment. Yet, among the numerous reviews focusing on OT, only a few refer to the infant (39–41). Unlike the adult, the regulation of infant social bonds has received less attention probably because being small, immature and fragile, there is a true difficulty to intervene and collect neuroendocrinological information. We know however, that in humans OT plasma levels are higher in the neonate than in the mother, they decrease after birth, and are higher in infants born by vaginal delivery than in those born by caesarean section (40, 42). In a situation where parents were asked to engage in “play-and-touch” with their 4–6 month-old infants, Feldman et al. (43) have shown that salivary OT increases both in parents and children following contact interactions, and that OT concentrations are linked to the amount of social engagement. In 7- to 11-day-old calves, Lupoli et al. (44) have shown that suckling at the udder triggers a rise of OT that is much higher than drinking milk from a bucket, even in the presence of the mother. This suggests that sensory stimulations during mother-young interactions potentiate the neuroendocrine response. Finally, it has been shown that the oxytocinergic system of the hypothalamus is activated in artificially fed lambs interacting with their human caregiver, with whom they express affiliative behaviors (45). The oxytocinergic system is obviously active and reacts to social/somatosensory stimulation in infant mammals that are known to develop a bond with their mothers.

In the light of the above results, we examined in the lamb the links between: (i) early suckling activity and the development of a preference for the mother, (ii) social interactions and OT release, and (iii) OT and early bonding process. To achieve our goal, we ran three experiments. In the first, we followed the spontaneous activity of the lamb during the 6 h after birth, focusing on the suckling activity. We also explored to what extend a delay in successful suckling could affect the initial expression of a preference for the mother. We hypothesized that the magnitude of the consequences would be linked to the duration of the delay. In the second experiment, we followed plasma OT levels when lambs engaged in close interactions with their mothers. We hypothesized that OT would be released during social encounters, and suckling would potentiate the response. An attempt was also made in a preliminary trial to measure OT in the cerebrospinal fluid. In the third experiment, we examined the hypothesis that blocking the OT system at birth with a specific receptor antagonist (L-368,899) would alter the development of a preference for the mother.



Materials and Methods


Subjects

We used multiparous Ile-de-France ewes and lambs from the “Unité Expérimentale de Physiologie Animale de l’Orfrasière” (INRAE Val de Loire, France; https://doi.org/10.15454/1.5573896321728955E12). Pregnant ewes were kept indoors as a single flock and fed hay and pellets of concentrate according to their requirements. Water was provided at libitum. Two weeks before the due lambing date, they were taken to an experimental building and housed in individual pens (2 m x 1 m). Social interactions between neighbours remained possible through the upper part of the metal hurdles. During this time, they were accustomed to human voice and presence by being gently stroked and hand-fed one by one on a daily basis. When birth was imminent, an experimenter assisted each ewe in the last stage of expulsion. The presence of a second foetus was checked manually and, should this be the case it was pulled out to standardize time of birth within a litter. In case of triplets, the lighter lamb was removed and fed with artificial milk meaning that lambs were reared as litters of twins at the most. This was decided to make sure that each lamb had access to a teat and minimized competition at the udder. Matching the time of birth was required for experiments 1 and 3 due to the treatments imposed on lambs that needed to be synchronized in twins (see below). Lambs were ear-tagged and weighed, and returned to their home pen within minutes after birth. Human interference had no visible effect on subsequent ewes’ maternal behavior.



Experiment 1. Postponing Suckling at Birth Alters the Onset of Early Infant Attachment


Suckling-Deprivation Method

Subjects were 30 ewes and their 54 lambs. Lambing spread over a period of five days and lambs were randomly allocated into one of the following groups, taking gender and litter size into account. Non-deprived subjects had free access to the mother’s udder from birth onwards (Control group: n=16; six singles and 10 multiples, nine females and seven males). In the other groups, lambs were denied of suckling by covering the udder immediately after parturition for 2 h (0–2 h: n=14; four singles and 10 multiples, nine females and seven males), 4 h (0–4 h: n=14; seven singles and seven multiples, nine females and five males), or 6 h (0–6 h: n=10; three singles and seven multiples, seven females and six males). The cover was made of thin, elastic and silky material to allow maternal warmth and body odours to be perceived by neonates. Once the cover was removed, lambs were guided to the teats until they could ingest colostrum unaided. This procedure ensured that suckling deprivation would not extend beyond the set period of 2 h, 4 h, or 6 h. To standardize animal handling, lambs from the Control group were also guided to their mothers’ udder 6 h after birth. Ewes and lambs were taken to two nearby adjacent rooms (10 x 8 m) 6 h after parturition and reared in groups of 12 mothers and their young; previous studies had shown that living with other partners facilitated the development of a bond with the mother (46).



Behavior, Temperature, and Body Weight

Spontaneous neonatal behavior was recorded in the Control group only by direct observation from birth until 6 h later (5 min every 20 min). Latency to stand up (time between birth and first standing for at least 10 s), latency to find the teat (time between birth and grasping the teat for at least 10 s) and suckling duration were noted. This was done in order to have precise timing of neonatal suckling activity in non-deprived subjects, and make sure that access to the udder was successfully achieved before lambs from the three other groups. In addition, the number of bleats emitted, the times spent standing and exploring the maternal body (lamb’s nuzzle in contact with the skin/wool of the ewe) were also taken into account. Lambs were weighed at birth and then at 6 h, 12 h, 24 h, and 48 h of age, and rectal temperature was taken using a digital probe thermometer (range: 32.00 ~ 43.00°C, accuracy: ± 0.10°C).



Testing Apparatus

The testing pen was located in a room away from the two flocks (approximately 25 m). It consisted of 1-m-high metal barriers delimiting a triangular area (5 × 4 × 4 m) covered with straw (for detailed description see: 31, 37). The longer side of the triangle was made of three pens side by side. Two of them were designed to restrain the mothers (stimulus pens: 2 x 1 m) while the smaller middle pen (1 × 1 m) separated them. In the opposite corner was the starting pen for the lambs (0.7 × 0.7 m). A 50-cm wide area in front of the stimulus pens was considered to be a contact zone. Once in it, close physical interactions between lambs and ewes were possible since the bars of the pens left sufficient space to allow reciprocal nosing and sniffing. A lamb was considered to be in a specific zone once its forelegs had crossed the limit of that zone.



Two-Choice Test Procedure

All the lambs were repeatedly tested at 12 h, 24 h, and 72 h after birth. The mother and an unfamiliar mother were brought and placed in either of the stimulus pens. Because lambing spread over a few days, it was possible to select two ewes that had given birth approximately at the same time. The lamb to be tested was placed in the starting pen, standing, with its head towards the ewes. The experimenter triggered the video recorder and left the room. In litters of twins, both lambs were tested one after the other but the location of the ewes in the stimulus pens was reversed. Care was taken so that left and right sides occupied by mothers were evenly distributed in each group and age class. In addition, their position in the three consecutive tests was systematically reversed so that lambs did not associate a specific place with the presence of their mothers, which could influence subsequent choices (47). Once the testing session was finished, ewes and lambs were reunited and returned to their rearing room. The test lasted 5 min when lambs were 12 and 24 h old. At 72 h of age, the duration was limited to 3 min since as lambs grow older they are more inclined to walk away from their mothers after making initial contact and explore the surroundings (29). For each test, the latency to reach a contact zone, and the total time spent in them was recorded. The preference for the mother was assessed in two ways. Firstly, the times spent in the contact zone near the mother and the unfamiliar ewe were compared. Secondly, for each subject, an index of preference (IP) was calculated as follows: (time spent near the mother minus time spent near the alien ewe) divided by (total time spent near either ewe). This index expressed the ability of the lamb to choose between the two ewes and ranged between two extreme values. The maximum was 1 when a lamb spent all of the time near its mother, and the minimum was -1 should it spent all of the time near the unfamiliar ewe. A lamb was considered to display a clear preference for its mother if IP ≥ 0.33, a clear preference for the unfamiliar ewe if IP ≤ -0.33, and no preference in the other cases. The threshold (± 0.33) delimiting the three classes of lambs was defined according to the results obtained in previous study (31, 36). Only lambs spending more than 1 min in the contact zones were taken into consideration in the analysis of IP values.




Experiment 2. Suckling Triggers the Release of OT in Lambs


Blood Sample Collection

Seven female lambs reared in individual pens (2 x 1 m) with their mothers were used in this experiment. They were accustomed to human presence from the day of birth since providing straw, hay and grains reinforced positive human-animal relationships. Lambs were 2 weeks old at the beginning of the experiment, an age that was chosen on three criteria. Firstly, performing serial blood sampling on neonates is difficult due to their small size. Secondly, serial blood sampling requires human interventions and both ewes and lambs need to be trained to get used to them. Thirdly, as lambs grow older their natural suckling frequency declines (48) and they can easily spend several hours without needing to be fed. In conditions where lambs are artificially fed, drinking milk from a bucket fitted with rubber teats, only two to three meals per day are provided (49). Our methodology, which required a period of over-night fasting, was then suitable. One week before the experiment started, lambs were separated from their mothers for 2–3 h per day with wire mesh netting that divided the home pen into two areas. The fact that lambs could see, hear and smell their mothers and that only two familiar experimenters collected the blood samples, minimized stress responses.

Blood samples were taken from the left jugular vein by fully trained personal using vacutainers. The trial was made of three sessions, each separated by a two-day-long resting period. The night before each session (08:00 p.m.), lambs were separated from their mothers with wire mesh netting. On session 1, lambs were reunited with their mothers and were allowed to make contact and suckle for 3 min after which they were separated again. On session 2, lambs were reunited with their mothers for 3 min but a cover, like in Experiment 1, prevented access to the udder. Session 3 repeated session 1, testing whether the OT response would improve due to lambs habituating to the complete procedure. In all three sessions, blood samples were taken 30 min before lambs were reunited with the mother, just before reunion, after 3 min of nutritive or non-nutritive interaction with the mother, and then 5, 10, and 15 min after the end of the contact period. Five millilitres of blood were collected for each sample in heparinized tubes kept on ice. All blood samples were taken in the home pen within 10-30 s after the experimenters restrained the lamb. After centrifugation at 4000 rpm at 4°C, plasma was stored at -20°C until assayed. All blood samples were taken in the morning between 08:00 and 11:00 a.m. OT levels were determined by enzyme immunoassay using acetylcholinesterase conjugate and second antibody coated microtiter plates as solid phase, together with prior extraction to improve sensitivity and specificity by reducing cross-reaction with bound OT to neurophysin (50). The limit of detection was 1.5 pg/ml-1, and the inter- and intra-assay coefficients of variation were 13 and 8.6% for 4 pg/ml-1, respectively. The cross reactivity was low with all known OT-like molecules and constitutive peptide sequences (< 0.4%) except with the Tyr-Pro-Leu-Gly-NH tripeptide tail (12.5%).



Neurosurgery

Neurosurgery had never been performed on infant lambs before and this work is a preliminary report. Only two male lambs were used to adapt the procedure developed in adult sheep (51, 52). Such procedure required excluding the mothers from the protocol as they could interfere with the wound and cause infection. Therefore, lambs were separated from their mothers the day after birth and reared together with artificial milk in straw-bedded pens (4 m x 2 m). At two weeks of age, they were transported to the surgery room, anesthetized with an intravenous injection of Clorketam 1000® (ketamine 2–7 mg/kg) and Rompun 2%® (xylazine 0.05 mg/kg) followed by close-circuit halothane (2.5%–3%). A catheter was inserted into their left jugular vein in order to perfuse lidocaine (20 µg/kg/h), ketamine (0.3 mg/kg/h), and morphine (0.05 mg/kg/h) while a blanket covered them on the surgery table. Subjects were placed in a stereotaxic frame adapted for sheep. After skin incision, the surface of the skull was exposed and a stainless steel cannula (18 gauge, with Luer fitting, shaft = 10 mm in length, Thiebaud Biomedical Instruments, Thonon-les-Bains, France) was inserted into the right lateral ventricle 1 cm postero-lateral to bregma. Proper position of the cannula was determined following the atlas by Richard (53) and checked by X-ray after infusion of a radio-opaque fluid (Lopamiron, Schering, France). The stainless steel cannula was secured to the bone with acrylic cement closed with obturators. A Teflon ring anchored to the skull with stainless steel screws and acrylic cement protected it. After stitching the skin, the wound was sprayed with Orospray® and Aluspray® two agents with antibacterial properties, and lambs received an additional intravenous injection of morphine (0.5 mg/kg). Once awake, they were given an intramuscular injection of nonsteroidal anti-inflammatory drug (Finadyne®, 2 mg/kg flunixin meglumin). Lambs were watched carefully over the five consecutive days during which they were treated with antibiotics (Clamoxyl®, amoxicillin, 7 mg/kg). Only then, did they go back to their rearing pen (2 x 2 m) and a companion lamb was added to stimulate social interactions. The two experimental lambs recovered rapidly under veterinary supervision.



Cerebrospinal Fluid Collection

The lambs were looked after by two trained experimenters who provided all the care, bottle fed them four times per day, and habituated them to human presence and handling. Two weeks were necessary before the two post-operative lambs were fit for CSF collection. During feeding times, these two lambs were restrained from walking by putting them in a small harness, the four legs slightly above ground. On the day of CSF collection, one experimenter was in charge of the samples while the other restrained and bottle-fed the lamb in the harness. A silastic brand catheter (Dow Corning Corp., Midland, MI, USA) was inserted through the ventricular cannula. The other end was linked to a peristaltic pump (Minipuls 2, Gilson, Villiers-le-bel, France) via PVC tubing, and CSF could be extracted at a specific rate (30 µl/min). Samples were collected every 5 min to obtain 150 µl of CSF per fraction. Once the peristaltic pump was started, the first 150 µl were discarded. Then three samples of CSF were collected: 1) before the experimenter entered the pen and bottle-fed the lambs in the harness, 2) during bottle-feeding, 3) after bottle-feeding once the experimenter left the pen. Lambs were released from the harness immediately after. For each subject CSF samples were collected every second day, in the home pen, and in the presence of the other lambs. Only one lamb was sampled on a specific day. Samples were kept on ice and stored at -20°C until assayed. OT levels were determined by the same enzyme immunoassay method as for plasma (50).




Experiment 3. Early Infant Attachment Is Delayed by an OT-Receptor Antagonist


Pharmacological Treatment

The general rearing conditions were the same as in Experiment 1: pregnant ewes were accustomed to human presence, mothers and lambs remained in their individual pens (2 m x 1 m) for the first 6 h after parturition to receive the treatments, and then, were taken to larger pens (5 x 5 m) housing 3 to 4 mothers and their lambs. We used 31 lambs and 22 mothers, sex ratio and litter size were balanced between the experimental treatments. One group of lambs received saline (n=10; four singles and six twins, seven females and three males) while the others were given L-368,899 diluted in saline at a low (1 mg/kg; n=11; five singles and six multiples, seven females and four males) or high concentration (10 mg/kg; n=11; five singles and six multiples, six females and four males). L-368,899 was chosen for the following reasons: (i) it is a non-peptide that is rapidly absorbed in the blood after oral administration and remains in it for several hours [rat and dog: (54)]; (ii) it can cross the blood-brain-barrier to a significant extent in the rhesus monkey, and reduces interest for infants in adult females (55); (iii) it affects pair-bonding in the marmoset (56); (iv) it blocks OT-induced social affiliation in the naked mole-rat (57). Within a same litter, twins received a different treatment. L-368,899 and saline were administrated orally (10 ml) through oro-gastric catheters (Vygon, France), a method that had been validated before (31, 32). At the end of each treatment, lambs received a further 10 ml bolus of bovine colostrum to rinse the dead volume remaining in the catheter. The treatment was administered three times at 2 h intervals: birth, 2 h and 4 h after birth. This time-schedule was chosen on the basis of: 1) the available data on pharmacokinetics of L-368-899® half-life when administrated orally (54), and 2) results from experiment 1 showing that the behavioral consequences (see results below) were more important if suckling was delayed by at least 4 h after birth.



Body Weight and Behavioral Observation

To check for any potential side effects of L-368-899, each lamb was observed for 10 min before orogastric administration of the bolus at 2 and 4 h after birth, and again at 6, 8, 10 and 12 h. The following behavioral parameters were examined: 1) time standing, 2) time exploring the mother’s body, 3) time spent suckling, and 4) number of bleats emitted.



Two-Choice Test

At 24 and 48 h of age, lambs were tested for their ability to discriminate their mothers from another maternal ewe. The aim was to assess which dose would affect the initial expression of a preference for the mother, and to determine if the effects observed at 12 h would persist over time. The testing conditions were the same as in Experiment 1.




Statistical Analysis

Data were analyzed using XLSTAT 2017 by Addinsoft software. All variables were checked for normality using the Shapiro-Wilk test. Only birthweight, temperature, and OT data followed normal distribution and were analyzed with repeated measures ANOVA. Behavioral data were subjected to nonparametric analysis due to a lack of normal distribution. For independent samples, the Kruskal–Wallis test was used followed by the Dun U -test for any pairwise comparisons to detect differences between groups for ordinal values. P-values were corrected for multiple comparison with the Bonferroni test. For dependent samples, the Wilcoxon test for pairwise comparisons was chosen. The Friedman test was used to assess the effect of time within each group. It was followed the Nemeyi test for any pairwise comparison. P values less than 0.05 were considered statistically significant, and values between 0.05 and 0.10 were considered as having a statistical tendency as sample sizes were rather small and behavior was highly variable. Some P-values are also mentioned in the text and figures despite Bonferroni correction, as our sample size limited the possibility to reach statistical significance. While Bonferroni correction is recommended for multiple comparisons, its use is controversial and may depend on the circumstances of the study (58). Data are expressed as mean and standard deviation for weight, temperature and OT, and as median, 1st and 3rd quartile for behavior.




Results


Experiment 1. Postponing Suckling at Birth Alters the Onset of early infant attachment


Behavior, Temperature, and Body Weight

Observation of the behavior in Control lambs showed that the median latency to stand up was 29.0 min [25.0–36.5] and the median latency to suckle was 55.0 min [47.7–78.0]. The time spent standing and exploring the body of the ewe, as well as the number of vocalizations, changed significantly over time (Friedman: n=16, df=5; standing: x2 = 31.47; exploration: x2 = 45.35; vocalizations x2 = 48.93; p<0.0001 in all cases; Figures 1A–C). Lambs were most active in the first two to 3 h after birth, when trying to find the mother’s udder and then focusing on it to drink colostrum (Nemenyi post-hoc test: p<0.05 in all cases). The vocal activity was maximum in the first hour following birth, before lambs found the udder (Nemenyi post-hoc test: p<0.01 in all cases). Beyond 3 h, they rested in standing or lying position, next to their mothers. Suckling activity seemed to follow a similar pattern (Friedman, n=16, df=5; x2 = 48.95; p=0.027; Figure 1D) but pairwise comparisons did not reveal any significant difference due to the high variability.




Figure 1 | Lambs neonatal activities during the first 6 h after birth: (A) standing, (B) exploring the mother’s body (nosing, nuzzling), (C) number of vocalizations, and (D) suckling. Data (n=16) are expressed as medians and 1st and 3rd quartile. Data points with different letters are significantly different after Bonferroni correction (p=0.033).



At birth, lambs weighed from 2.2 to 5.2 kg with no difference between the four groups. Repeated measures ANOVA revealed a significant change in body weight over time (F(3,12)=227.437, p<0.0001) and group*time interaction (F(12,55)=5.939, p<0.001). Post-hoc comparisons revealed that lambs deprived of suckling for 6 h were lighter than at birth (4.1 ± 1.2 kg vs. 3.9 ± 1.2 kg, p<0.001). They were the only group of lambs losing some weight at 6 h (-0.29 ± -0.08 kg) compared to the three other groups (CTL: 0.28 ± 0.07 kg; 0–2 h: 0.45 ± 0.11 kg; 0–4 h: 0.04 ± 0.01 kg, post-hoc tests corrected with Bonferroni: pBon p<0.001). Then, the differences vanished and by 72 h of age the mean growth rate was 0.88 ± 0.27 kg. Rectal temperature followed the same trend, with a significant effect over time (F(3,12)=11.720, p<0.0001) but no group*time interaction. Only a tendency for a difference was observed 6 h after birth (F(3,54)=2.373, p=0.08), lambs deprived of suckling for 6 h having lower temperatures than Controls (39.2 ± 0.38 vs. 39.8 ± 0.32 respectively, p=0.035). However, these differences were marginal since all lambs had normal range values and none of them were considered to be hypothermic. No significant effects were found between males and females, nor between single and multiple-born lambs.



Two-Choice Test

When a lamb was released in the testing pen it bleated vigorously and the two ewes responded immediately. Nine lambs failed to reach the ewes at some stage during the repetitive testing sessions and were excluded from the statistical analysis: six at 12 h (one for Controls, one for 0–2 h group, two for 0–4 h group, and two for 0–6 h group) and three at 72 h (two for Controls and one for 0–6 h group). Once in the zone of contact, the other lambs tended to quiet down and explored the ewes through the bars of the hurdles while mothers kept bleating. All these lambs spent a minimum of 1 min in the contact zones (range: 91 s–279 s). No effects of gender and litter size were detected at any time.


Preference for the Mother at 12 h

We did not find any significant difference between groups in the latency to reach the zone of contact, nor in the total time spent in the contact zones or only next to the mother or next to the unfamiliar ewe. Control lambs spent significantly more time near their mother than near the unfamiliar ewe (Wilcoxon test: V=82, n=13, p=0.012) which was not the case for any of the suckling-deprived lambs (Figure 2A). In addition, a tendency for a difference between groups was observed for the IP score (Kruskal-Wallis test: Kobs=6.57, df=3, n=10 to 14, p=0.087; Figure 2B). Controls were the only ones having a median IP score above +0.33, meaning that more than half the lambs clearly preferred to stay next to their mothers while none displayed a preference for the unfamiliar ewe. The main feature of the suckling deprived lambs was that their choice seemed rather random since the proportion of them having an IP≥+0.33 or ≤-0.33 was rather similar (respectively: 5/14 vs. 7/14 for 0–2 h, 5/14 vs. 5/14 for 0–4 h, and 5/10 vs. 5/10 for 0–6 h). Only a few lambs did not make a clear choice. Subsequent IP pairwise comparisons using Dunn’s procedure showed that Controls (n=13) differed from 0–2 h (n=14) and 0–6 h lambs (n=10) at p=0.018 and p=0.043 respectively but this was not considered statistically significant after Bonferroni correction (set at p=0.0083).




Figure 2 | Time(s) spent in the contact zone near the mother or the unfamiliar ewe in the choice test by lambs when 12 h (A), 24 h (C), and 72 h old (E). At birth, lambs had unlimited access to the mother’s udder (Control, n=13) or were deprived of suckling for the first 2 h (n=14), 4 h (n=14), or 6 h (n=10) after birth. Indexes of preference (IP) in 12 h (B), 24 h (D) and 72 h old lambs (F). IP>+0.33: preference for the mother; +0.33<IP<-0.33: no preference; IP<-0.33: preference for the unfamiliar ewe. Data are expresses as medians and 1st and 3rd quartiles. Paired box-plots associated with a star (*) are significantly different (p<0.05).





Preference for the Mother at 24 h

When lambs were tested for the second time, Control and 0–2 h lambs spent significantly more time close to their mothers than to the unfamiliar ewes (Wilcoxon test: V=85, n=13, p=0.006 and V=90, n=14, p=0.020, respectively, Figure 2C). The other two groups failed to do so. Comparison of IP values showed a tendency for a difference between groups (p=0.103, Figure 2D). Control and 0–2 h lambs differed from 0–6 h lambs (p=0.030 and p=0.038). Again, this did not reach statistical significance after Bonferroni correction (set at p=0.0083). In Controls, 6/13 lambs clearly preferred their mothers (IP≥0.33), none chose the unfamiliar ewe (IP≥-0.33). In the 0–2 h group, the proportions were 7/14 and 1/14 respectively, and lambs from the 0–4 h group showed a similar trend. Only two subjects from the 0–6 h group chose their mothers. In addition, a tendency for a difference between groups was observed for the time spent near the unfamiliar ewe (Kruskal-Wallis test: Kobs=6.30, df=3, n=10 to 14, p=0.098; Figure 2C). Subsequent IP pairwise comparisons using Dunn’s procedure showed that Controls differed significantly from 0–6 h lambs (n=13 and n=10 respectively, p=0.019). No significant differences were found between groups in the other variables.



Preference for the Mother at 72 h

When the test was repeated for a third time at 72 h of age, Controls and lambs from 0–2 h and 0–4 h groups spent significantly more time next to their mothers than next to the unfamiliar ewes (Wilcoxon test: Controls: V=80, n=13, p=0.017; 0–2 h: V=96, n=14, p=0.007; 0–4 h: V=88, n=14, p=0.028; Figure 2E). A trend was reached for 0–6 h lambs (Wilcoxon test: V=46, n=10, p=0.067). IP values did not differ significantly between groups (Figure 2F).





Experiment 2. Suckling Induces the Release of OT in Infant Lambs


Peripheral Oxytocin

When combining the sets of data points obtained before lambs were allowed to interact with their mothers, the mean OT basal concentration was 16.08 ± 0.87 pg/ml with extreme values ranging from 9.44 to 27.5 pg/ml. Repeated measures ANOVA revealed a time effect (F(2,12)=13.099, p<0.001) but no difference between sessions (Figure 3). Overall, plasma levels obtained after 3 min of close social interactions with the mother were significantly higher than at any other time (post-hoc tests corrected with Bonferroni: pBon<0.001 in all cases). A significant time*session interaction was also detected (F(6,36)=3.106, p=0.001). In sessions 1 and 3, when access to the udder was allowed, OT plasma levels were significantly higher immediately after suckling than before (post-hoc tests corrected with Bonferroni: pBonf<0.001 in both cases). In addition, in session 3 only, immediate post-suckling levels were higher than any other following time points (post-hoc tests corrected with Bonferroni: 3 min vs. 5 min, pBonf=0.004; pBonf <0.001 in all other cases). No statistical differences were found between blood samples throughout session 2, when interactions with the mother excluded the possibility of suckling.




Figure 3 | Effect a 3-min period of close social contact with the mother (arrow) on plasma oxytocin levels. Lambs (n=7) were separated from their mothers by a wire mesh before and after being reunited with the mother for 3 min. Samples were taken 30 min and 1 min before close social contact, and then 3, 5, 10, and 15 min later, in three consecutive sessions three days apart. Session 1: suckling permitted. Session 2: contact suckling prevented. Session 3: suckling permitted. Data are expressed as means and s.e.m.





Central Oxytocin

Because lambs had been separated from their mothers at birth and were artificially fed, they developed strong affiliative relationships with the caregiver who provided milk daily. There was no difficulty in training the lambs to be restrained in the harness and taking CSF samples. As only two lambs were sampled in this preliminary trial, no statistical comparisons were made and individual data points are only described (Figure 4). Subjects were successfully sampled but the third value taken from lamb n°82097 was omitted because it was above the assay upper detection limit. The median value for all OT samples before bottle-feeding was 106.5 pg/ml (range: 76.0–139.0). For both lambs, all OT data points obtained in the CSF during the 5-min session of bottle-feeding were above those measured before (median value 153.9 pg/ml; range: 122.5–179.8). In the following minutes, the levels kept increasing or remained high in five samples, and decreased in one (median: 165.6 pg/ml; range: 92.9–173.0).




Figure 4 | Effect of suckling on oxytocin levels in the CSF. Samples were taken during a 5-min period each time, before, during and after suckling from two lambs (82089 and 82097). Data are expressed as medians (gray bars) and individual data points.






Experiment 3. Early Infant Attachment Is Delayed by an OT-Receptor Antagonist


Behavior and Body Weight

An analysis of the neonatal activities over time was inconclusive as these were extremely variable, some lambs being active during a specific observation session, while others were resting or sleeping. Therefore, to reduce the behavioral variability, the data were pooled in two time windows: the first 6 h when mothers and lambs were in individual pens, and the next 6 h when they were in communal pens with peers. No significant differences were found between treatments in the time spent standing (Figure 5A), but lambs receiving 1 mg/kg of L-368,899 explored less their mothers’ body once in the communal pen (Wilcoxon test: V=60, n=11, p=0.018, Figure 5B). A similar tendency was observed in those that received 10 mg/kg of L-368,899 (Wilcoxon test: V=46, n=10, p=0.066, Figure 5B). Lambs from the three treatments vocalized more in the first than in the second half of observations (Wilcoxon test: Controls: V=36, n=10, p=0.014; 1 mg/kg: V=36, n=11, p=0.014; 10 mg/kg: V=43.5, p=0.015; Figure 5C) and no significant differences were found in the suckling activity (Figure 5D).




Figure 5 | Lambs neonatal activities during the first 12 h after birth: (A) standing, (B) exploring the mother’s body (nosing, nuzzling), (C) number of vocalizations, and (D) suckling. Activities are represented in the first and second 6-h period of observation. At birth, lambs had unlimited access to the mother’s udder and received either saline (n=10) or L3688-899 at 1 mg (n=11) or 10 mg/kg (n=11) via orogastric tubing. Treatments were administered at birth, and then 2 and 4 h later. Data are expressed as medians and 1st and 3rd quartile. Paired box-plots associated with a star (*) are significantly different (p<0.05).



Birthweight ranged from 2.2 to 5.6 kg and did not vary significantly between the three groups. Repeated measures ANOVA revealed a significant increase in body weight over time (F(2,58)=92.039, n= 32, p<0.0001) but no treatment*time interaction. Between birth and 48 h, the mean growth rate was 0.35 ± 0.17 kg and was not affected by the treatment.



Two-Choice Test


Preference for the Mother at 24 h

We did not find any significant differences between the three groups in the latency to reach the zone of contact, nor in the total time spent in the contact zones or only next to the mother. On the other hand, a strong tendency was revealed in the time spent next to the unfamiliar ewe (Kruskal-Wallis test: Kobs=5.94, df=2, n=10 to 11, p=0.051). Pairwise comparisons using Dunn’s procedure showed that Saline lambs spent less time near their unfamiliar ewe than those receiving 10 mg/kg of L-368,899 (n=10 in both groups, p=0.016; Bonferroni correction set at p=0.0167). Saline lambs also spent significantly more time near their mothers than near the unfamiliar ewes (Wilcoxon test: V=49, n=10, p=0.032) which was not the case for any of the lambs receiving the OT receptor antagonist (Figure 6A). In addition, a tendency for a difference was observed for the IP score (Kruskal-Wallis test: Kobs=4.91, df=2, n=10 to 11, p=0.086; Figure 6B). Subsequent pairwise comparisons using Dunn’s procedure showed that the IP score was higher in lambs receiving saline than in those treated with 10 mg/kg of L-368,899, (n=10 and 11 respectively, p=0.029) but this was not considered statistically relevant after Bonferroni correction (set at p=0.0167). Nonetheless, most Saline lambs clearly preferred to stay next to their mothers being the only group with a median IP value above the threshold (+0.33): 8/10 of them choosing the mother, and only one spending all its time near the unfamiliar ewe. In those treated with L-368,899, the choice appeared random since the proportion of lambs having an IP above +0.33 or below -0.33 was rather similar (respectively: 5/11 vs. 4/11 for 1 mg/kg, and 4/11 vs. 5/11 for 10 mg/kg), the other lambs making no clear choices.




Figure 6 | Time(s) spent in the contact zone near the mother or the unfamiliar ewe in the choice test by lambs when 24 h (A) and 48 h old (C). At birth, lambs had unlimited access to the mother’s udder and received either saline (n=10) or L3688-899 at 1 mg (n=11) or 10 mg/kg (n=11) via orogastric tubing. Treatments were administered at birth, and then 2 and 4 h later. Indexes of preference (IP) in 24 h (B) and 48 h old lambs (D). IP>+0.33: preference for the mother; +0.33<IP<-0.33: no preference; IP<-0.33: preference for the unfamiliar ewe. Data are expressed as medians and 1st and 3rd quartiles. Paired box-plots associated with a star (*) are significantly different (p<0.05).





Preference for the Mother at 48 h

There was no reliable difference between groups in the latency to reach the zone of contact, neither in the total time spent in the contact zones, next to the mother or to the unfamiliar ewe, nor in the IP scores. Lambs that had received L-368,899 spent more time near their mothers than near the alien ewe (Wilcoxon test: 1 mg/kg: V=57, n=11, p=0.032; 10 mg/kg: V=58, n=11, p=0.024), while the difference did not reach statistical significance in Saline lambs (Figure 6C). However, median IP scores were above +0.33 in the three groups (Figure 6D) meaning that more than half the lambs clearly chose their own mothers. Individual values show that the proportion of lambs having an IP score above +0.33 or below -0.33 was rather equivalent in all groups (Saline: 6/10 vs. 1/10; 1 mg/kg: 7/11 vs. 1/11; 10 mg/kg: 7/11 vs. 1/11).






Discussion

The development of a preference for the mother after birth is dependent on the success of the first suckling bouts during which colostrum, as an internal signal, plays a key role (30–32). This is an initial and crucial step leading to infant attachment in sheep (27). The present study shows that early suckling activity and OT are closely linked and that delaying suckling or using L-366,899, an antagonist that can cross the blood-brain barrier, affects the relationship with the mother. The outcome of the treatments are specific to the expression of affiliative behaviors and suggests that the oxytocinergic neural system, influencing a wide range of social behaviors, is fully active in newborn lambs and shapes the early development of infant attachment.

Preventing lambs from suckling for the first 6 h impairs the development of a preference for the mother in Experiment 1 and confirms previous results (30, 31). What is more unexpected is that shorter delays have also detrimental consequences. Allowing access to the udder 2 h after birth is not efficient for lambs to be able to discriminate their mothers from an unfamiliar ewe when 12 h old, and the extend of the consequences in the following day is directly linked to the duration of the delay. Only unrestricted access to the udder leads to proper expression of a preference for the mother within 12 h of life. The general activity of the lambs during the two-choice tests was not affected leading to the conclusion that only the abilities to display social preferences were altered. Individual IP values show that, regardless of the duration of the delay, the choice of mother or unfamiliar ewe is rather random at 12 h and also, to a lesser degree, at 24 h. Gradually, IP scores improved so that by 72 h of age, most lambs displayed a preference for their mothers. However, as we did not analyze the behavioral expression of the ewes, we cannot know to what extend it could have influenced the choice of the lamb. Both ewes were quite vocal in the test, calling for their lambs emitting mainly high-pitched and sometimes low-pitched bleats. Previous studies have shown that in the choice test, mothers display acceptance behavior in the presence of their own lamb while the other maternal ewe show rejection behavior and may be more vocal (59, 60). At 12–24 h, discrimination is based on such differential expression rather than of true recognition of maternal individual characteristics. By 48 h of age, identification of the mother’s voice based on acoustic structure is clearly established (61). We can only assume that the behavior of the ewes in the present study showed the same differential trend, in all experimental groups and at the three periods of test. Using multiparous ewes, accustomed to human presence and handling, made it very likely. The progressive development of early filial attachment results from learning processes (regardless of what is learned) in which suckling, and the comforting presence of the mother, motivate the lamb to maintain contact with the caregiver and learn her characteristics.

That only a few suckling episodes facilitate early learning of single sensory information had been shown at several occasions in mammals (dog pups: (62); rat pups: (63, 64); human babies: 65). The present work goes a step further by showing that suckling within 2 h after birth is the triggering factor that helps shaping early bonding with the mother. Observation of the neonatal activity showed that Control lambs got up onto four legs within half an hour after birth, and that they found the udder in the following 30 min. In any case, the slowest lamb managed to suckle 78 min after birth. Lambs were extremely active in the first 2 h of life, vocalizing, exploring the body of their mothers, and suckling, after which they alternated between resting and feeding. To be the most effective in terms of affiliative outcome, suckling must take place within a very narrow postnatal time window (less than 2 h). This suggests that the neonate must be in a specific neuroendocrinological state relating in all likelihood to the birth process. More than 30 years ago, Lagercrantz and Slotkin (66) hypothesized that the catecholamine surge due to vaginal birth was responsible for infant arousal and could facilitate attachment between mother and child. Since then, Varendi et al. (67) have shown that labour contractions enhance learning of natural breast odours in human neonates, and that noradrenalin may be responsible for it; the possible link between the neuroendocrinology of child birth and mother-infant attachment is now seriously taken into account (68). The same mechanisms may concern the development of a preference for the mother since lambs, like other mammals, experience a surge of catecholamine concentration during the perinatal period (69). Indeed one must not underestimate the fact that delayed suckling may have general metabolic effects that jeopardized neonatal activity and learning. For instance, lambs deprived of suckling for 6 h lost some weight and also had slightly lower rectal temperatures compared to unrestricted lambs, even though the data never revealed any sign of hypothermia. However, this must not be considered as alarming since losing weight around birth is usual in lambs even under normal circumstances (31, 37), a phenomenon that is the combined consequences of the coat drying out (due to maternal licking) and neonatal urination and defecation. In addition, while a delay in colostrum intake may impair general homeostasis, lambs deprived of suckling for a shorter time did not show any sign of weakness. Yet, at the age of 12 h they had poor discriminative abilities, and in some, this was still visible at the age of 24 h. It may be that the development of early infant attachment relies on the combined effects of two mechanisms: early suckling and gastric filing first, which must take place in the first 2 h, followed by the postprandial neuroendocrine consequences of colostrum ingestion that reinforce the initial step. This would explain why the impact on affiliative behaviors is directly linked to the duration of the delay in the first suckling episode. Beyond a short postnatal time window, subsequent feeding bouts cannot compensate for the lack of successful suckling at birth. Significant deleterious effects can be seen 24 h later in lambs that did not have access to the udder in the 4 to 6 h of life, a result that confirms previous studies (30, 31).

Our study also reveals that suckling triggers the release of OT in the plasma and this may also be the case in the cerebrospinal fluid. Findings from Experiment 2 show that OT levels increase during feeding and, like in the calf (44), it is very rapid and short-lasting. This suggests that somato-sensory stimulation from the orogastric sphere (sucking, swallowing, gastric distension) may stimulate the release of OT. It is known that gastric distension induced by infusion of mother’s milk or saline triggers a rise of OT in 10-day-old rats (70). In addition, OT levels may also be elevated through the effect of endocrine factors such as the secretion of the gastrointestinal hormone CCK. This could well be the case in the lamb since CCK is released after suckling (30, 33) and it is known, in the rat, that both CCK and gastric distension activate the oxytocinergic system in the hypothalamus, and trigger the release of OT in the plasma (71, 72). Preliminary data from Experiment 2 demonstrate that OT concentrations also rise in the cerebrospinal fluid after bottle-feeding, and that the phenomenon is quite repeatable. While we cannot draw definite conclusions from only two subjects, one can assume that the first suckling bouts at birth lead to the same outcome. This is supported by a previous study showing that orogastric infusions of colostrum or saline in newly born lambs activate hypothalamic nuclei producing OT as well as vasopressin (73). Our present results did not show any change in plasma OT concentrations when close contacts excluded suckling. This was rather unexpected since Guesdon et al. (45) have revealed that in a context where lambs can develop a bond with a human being, social interactions with the caregiver activates the oxytocinergic neurons of the hypothalamus. It may be that our experimental situation was not suitable to detect a peripheral response. Or else, non-nutritive interactions may trigger a response in the brain without any visible release in the blood. There is evidence in humans that saliva is a better medium than plasma to reveal changes in the cerebrospinal fluid (74). Even though salivary OT is suspected to emanate from local production, it may be functionally linked to the central nervous system (75). This link could explain why salivary OT levels have been shown to increase in 4–6 months infants when engaging in “play-and-touch” with their parents (43), and in 7–12 years daughters when being comforted by their mothers (76). However, drawing clear-cut conclusions on OT plasma levels relating to touch is not easy. Studies in humans often show that ELISA reveals clearer patterns that RIA, suggesting that diverse molecular structures, linear or shorter forms, or even metabolites may be detected by the former method (75, 77, 78). Our ELISA method showing that suckling but not close social interactions releases OT in the plasma is more congruent with studies using RIA in humans and raises questions. One observation to bear in mind, on the other hand, is that our experimental situation imposed a constraint: when the lambs were reunited with their mothers after overnight separation, suckling was not made possible since the udder was covered. This could have been frustrating since the release of OT in response to social interaction is usually revealed upon natural and voluntary contact, and is seen as the expression of positive emotions (39, 79, 80). It may be why Guesdon et al. (45) showed by immunohistochemistry that OT neurons were activated when hand-reared lambs interact socially and voluntarily with their human caregivers. Stroking them gently does not enhance the response. That OT is not released following social touch in the lamb cannot be a firm and definite conclusion. Finally, our results show that, despite similar profiles, differences in plasma levels are more contrasted in the third than in the first session. In the third session, OT plasma concentrations obtained immediately after 3 min of suckling are significantly higher than at any other time point which is not the case in the first session. This reflects a lower variability in the physiological response as lambs became accustomed to the handling procedure.

In our last experiment, we showed that orogastric administration of the OT receptor antagonist L-368,899 altered the onset of early infant attachment. The major outcome is the impaired discriminative abilities in 24-h-old lambs, and both doses were as efficient. One important fact is that the effects were only visible on affiliative behaviors. During the choice test, the general activity of the lambs was in no way affected: le latency to reach the ewes and the time spent in the contact zones did not differ between treatments. By contrast, while lambs receiving saline showed very good discriminative abilities (8/10 clearly sought contact with the mother), lambs treated with the OT receptor antagonist chose a ewe randomly. The same comment as in Experiment 1 can be made regarding the behavioral expression of the ewes that we did not take into account. Previous work dealing with a CCK receptor antagonist led to the same impairment in lambs’ discriminative abilities, despite the fact that mothers unlike the other maternal ewes had displayed acceptance behavior (37). We assume that this was also the case in Experiment 3. It seems that repressing OT activity modifies specifically the expression of infant social behavior. Interestingly, while observation of the lambs’ activity over the first 12 h after birth did not reveal any significant differences between treatments, the exploratory behavior pattern was not quite the same. Exploration consists in lambs nosing and sniffing their mothers’ body and reflects close social interactions. It decreased in lambs treated with L-368,899 when they were transferred from the individual to the communal pen with their mothers. This was not the case for Saline lambs suggesting that the OT receptor antagonist may have altered the ability of lambs to remain close to their mothers and engage in prosocial behaviors. There is evidence in other species of the involvement of OT in triggering close social contact or grooming [rat: (81); marmoset: (56); naked mole-rat: (57); common vampire bat: (82)], the same could apply to proximal interactions between the lamb and its mother. However, the effect was only revealed in a challenging situation, when several lambs and ewes were housed together. This context imposes more constraints on mothers and young to stay together since there is a risk of mixing or separating progenies, which is not the case in individual pens.

Results from these three experiments are closely related: (i) suckling triggers the release of OT in the plasma and in the cerebrospinal fluid, (ii) depriving lambs from suckling immediately at birth affects the development of a preference for the mother, (iii) as does the use of the OT receptor antagonist L-368,899. It is therefore tempting to conclude that it is through the activation of the oxytocinergic system that neonatal suckling favours the development of infant attachment. One limitation of the present work is that we cannot conclude with certainty that L-368,899 acted on central OT. There is evidence that this antagonist enters rapidly the blood stream in the dog with a half-life of 1.7 to 2.7 h (54). It is detected in the cerebrospinal fluid of Rhesus 40 min after injection and still present 2 h later, accumulates in the hypothalamus and limbic structures identified as containing OT receptors, and induces a lack of interest for infants in adults (55). L-368,899 has been shown to alter prosocial behaviors in other species [Rhesus macaque: (55); marmoset: (56); naked mole-rat: (57); prairie vole: (83)] and in many cases authors also validated their results with the complementary use of OT. That OT plays a major role in affiliative behaviors between parents and infants is now widely accepted (39–41, 75, 78, 84, 85). Despite our concern, there is good reasons to believe that this could be the case in the lamb as well.

Sheep are known to develop a strong mother-young bond based on mutual recognition that takes place rapidly around parturition (6, 26, 85). The importance of OT in the onset of maternal behavior in the ewe has been clearly demonstrated (84). Kendrick (84) has also shown that ewes given intracerebroventricular infusions of OT bond selectively with their lambs, while OT antagonist prevents it. The current study shows that L-368,899 alters the development of a bond with the mother. In the light of these results, it appears that the sheep is actually the only animal species providing experimental evidence that mutual mother-infant attachment and OT are closely related.
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Background: Obstetric labor and childbirth are mostly regarded as a physiological process, whereas social, cultural, psychological and transcendental aspects have received less attention. Labor support has been suggested to promote labor progress. The aim of this study was to investigate whether continuous labor support by a midwife promotes labor progress and vaginal delivery.

Material and Methods: A randomized controlled study at a university hospital in Sweden in 2015–17. Primiparous women with singleton pregnancy and spontaneous labor onset were randomized to continuous support (n = 30) or standard care (n = 29) during delivery. The primary outcome was the duration of active labor. Secondary outcomes were delivery mode, women's need of labor analgesia and satisfaction with delivery, maternal cortisol levels, and neonatal morbidity.

Results: Continuous support was followed by shorter active labor 11.0 ± 5.7 h compared to 13.7 ± 3.9 h with standard care (p = 0.001). Women in the continuous support group tended to have lower cortisol levels and low cortisol during the first (p = 0.02) and second (p = 0.04) stages of labor were correlated with shorter active labor. Continuous support was followed by spontaneous delivery in 73%, instrumental delivery in 24% and emergency cesarean section in 3% in contrast to standard care which was followed by spontaneous delivery in 62%, instrumental delivery in 24% and cesarean in 14% (p = 0.19). The continuous support group received combined analgesic methods more often (p = 0.04). Women's satisfaction with delivery and neonatal morbidity were comparable.

Conclusion: Continuous labor support was followed by shorter active labor compared to standard care. Women with continuous support had a high rate of vaginal delivery and tended to have lower cortisol levels during all stages of active labor reflecting a lower stress level. Low cortisol was correlated to shorter active labor. Based on these results, we recommend continuous labor support for all primiparous women during active labor.

Keywords: birth, cesarean and vaginal deliveries, cortisol, continuous support, labor & delivery, oxytocin, stress


INTRODUCTION

Obstetric labor and childbirth are mostly regarded as a physiological process, whereas social, cultural, psychological, and transcendental aspects have received less attention (Kennell et al., 1991; Bohren et al., 2017; World Health Organization, 2018; Uvnas-Moberg et al., 2019; Olza et al., 2020). Women's experiences of maternity care and childbirth are worldwide public health care issues and critical for high-quality obstetric care according to the World Health Organization (WHO) (World Health Organization, 2018). Psychological and physical labor support has been suggested to promote labor progress and to reduce repeated unnecessary interventions, possibly by reducing maternal anxiety (Kennell et al., 1991; Bohren et al., 2017; World Health Organization, 2018; Uvnas-Moberg et al., 2019; Olza et al., 2020). Continuous support during delivery includes actions for the promotion of psychological well-being such as presence, encouragement, reassurance and consolation and actions to promote physical well-being such as touch and help for the laboring woman to communicate her opinions and needs to the medical staff (Kennell et al., 1991; Bohren et al., 2017; World Health Organization, 2018; Uvnas-Moberg et al., 2019; Olza et al., 2020).

Components of labor support such as human reassurance and touch are known to facilitate release of the peptide hormone oxytocin, which stimulates uterine myometrial contractions and labor progress. In addition, oxytocin induces several effects that counteract stress including calm, joy and empowerment, as well as reduction of fear, anxiety and pain and decreased cortisol levels (Uvnas-Moberg et al., 2019; Olza et al., 2020). Exogenous oxytocin infusion is used for labor augmentation in standard clinical practice (Zhang et al., 2010). In contrast, a high extent of emotional stress, anxiety, fear and pain are associated with prolonged labor (Lederman et al., 1985; Kono et al., 1987; Stjernholm et al., 2016; Hishikawa et al., 2019). The stress hormones catecholamines and cortisol increase in laboring women and high levels of catecholamines are correlated to reduced uterine activity and prolonged labor (Lederman et al., 1985; Kono et al., 1987; Stjernholm et al., 2016; Hishikawa et al., 2019). Maternal cortisol is higher during labor in primipaous women than in parous women, indicating a higher stress level among first time mothers (Kono et al., 1987). The oxytocin system and stress hormone systems act independently during labor, but may also inhibit the effect of each other (Bohren et al., 2017; Uvnas-Moberg et al., 2019).

Further knowledge about whether continuous support promotes obstetric labor progress and spontaneous delivery is of high importance in order to improve maternal and infant health and to reduce unnecessary interventions during childbirth. Most instrumental deliveries and emergency cesareans (CS) are performed because of prolonged labor, and these interventions increase the risks of complications such as obstetric bleeding, infection, perineal lacerations and a negative childbirth experience (Zhang et al., 2010; Simic et al., 2017; da Silva Charvalho et al., 2019). The aim of this study was to investigate whether continuous labor support by a midwife promotes labor progress among primiparous women.



MATERIALS AND METHODS

This study was conducted at the Obstetric Unit, Department of Women's and Children's Health, Karolinska University Hospital Solna, Stockholm, Sweden between April 1, 2015 and December 31, 2017. Ethics approval was obtained from the Regional Ethics Board for Medical Sciences in Stockholm October 9, 2013, Ref No. 2013/1079–31/3.


Study Participants

Study participants were healthy, primiparous women with uncomplicated singleton pregnancy and spontaneous labor onset at a normal gestational length between 37 and 41 weeks. Exclusion criteria were maternal age <18 years, multiple pregnancy, induced delivery, intercurrent diseases, pregnancy complications, intrauterine growth restriction, fetal anomalies, or signs of fetal distress according to fetal heart monitoring with cardiotocography (CTG) or ultrasonography.

Eligible women were asked for participation by a midwife or physician at admission to the Obstetric Unit during the early first stage of labor at cervical dilatation of ≤4 cm. All women were informed that they were about to be part of a study and they were included after individual oral and written consent. The randomization process was blinded using a computerized randomization system with closed envelopes. The group allocation was blinded to the participants but not to the obstetric team. Active labor was the interval between cervical dilatation of 4 cm and childbirth in 2015–17. The first stage of labor (opening stage) was the duration between cervical dilatation of 4 cm and complete cervical dilatation. The second stage was the interval between complete cervical dilatation and childbirth. The third stage was the interval between childbirth and delivery of the placenta +2 h according to the WHO. The intervention continuous labor support (n = 30) was continuous support by a midwife or nurse in the delivery room during the first stage of active labor. The midwives and nurses did not receive any special training before the study. Women with standard care (n = 29) received intermittent support by a midwife or nurse during the first stage of active labor in periods of 5–15 min according to standard clinical routines. All women in both groups received continuous support by a midwife and nurse during the second stage according to standard clinical routines. The woman was seen by a physician in case of prolonged labor, non-reassuring fetal heart monitoring or need of labor analgesia, according to standard clinical routines.

Maternal data such as age, body mass index (BMI), gestational age at delivery, delivery mode, obstetric bleeding, need of labor analgesia and satisfaction with delivery were monitored. Progress of labor was assessed by clinical examination of a midwife or an obstetrician and was recorded in the electronic obstetric partogram (Obstetrix® Cerner AB, Stockholm, Sweden). The definition of prolonged labor (labor arrest) was failure to progress for more than 3–4 h during the first stage of labor or more than 2–3 h during the second stage. Maternal oxygen saturation and pulse was continuously monitored using a pulse oximeter, and intermittent manual non-invasive blood pressure measurement was recorded during all deliveries. All women had continuous fetal heart monitoring with CTG during active labor. Signs of fetal asphyxia were a pathological CTG registration according to standardized criteria by The International Federation of Gynecology and Obstetrics (FIGO) or a pathological scalp-lactate blood sample >4.8 mmol/L.

Women's satisfaction with delivery was scored according to standard clinical routines before discharge from the hospital with a standard visual analog scale (VAS) 0–100 mm, where 0 = worst imaginable and 100 = best imaginable experience. Maternal peripheral venous samples for cortisol analyses were obtained during the first stage of labor at 4–6 cm cervical dilatation, during the second stage after complete cervical dilatation, and during the third stage within 2 h after delivery of the placenta. Analyses of serum cortisol were performed at the Department of Clinical Chemistry, Karolinska University Hospital, using electrochemical luminescence, Modular E, Roche Diagnostics, Mannheim, Germany.

Neonatal data such as birth weight (BW), signs of neonatal asphyxia defined as an Apgar score <7 at 5 min or an umbilical artery base excess [BE(a)] < -10 mmol/L, as well as other signs of neonatal distress necessitating admission to a Neonatal Intensive Care Unit (NICU) were monitored.



Statistical Analysis

Based on clinical observations and previous reports we hypothesized that continuous labor support by a midwife would decrease the duration of active labor by 30% compared to standard care (Bohren et al., 2017). According to a power analysis, a sample size of n = 29 in each group would be needed when aiming at a significance of 5% and a power of 80% (Pocock, 1984). Continuous data were analyzed using Mann Whitney U-test and General Linear Model when appropriate and categorical data with One way ANOVA. Continuous data were presented as means ± SD and categorical data as numbers and percentages. A two-tailed p-value < 0.05 was considered significant.




RESULTS

Approximately 3,500 deliveries out of the 112 000 deliveries per year in Sweden take place at the Karolinska University Hospital Solna. During the study period n = 9,991 women with singleton pregnancy and n = 205 women with multiple pregnancy gave birth at the hospital. Approximately half of the women were primiparous.

The primary outcome was the duration of active labor. Secondary outcomes were delivery mode, women's need of labor analgesia and satisfaction with delivery, maternal cortisol levels, and neonatal morbidity.

Maternal data are shown in Table 1. Demographic data were comparable between the groups. The duration of active labor (mean ± SD) was shorter 11.0 ± 5.7 h among women with continuous support compared to 13.7 ± 3.9 h in women with standard care (p = 0.001). The 95% confidence interval (CI) was 158.5–255.7 min in continuous support group as compared to 321.1–515.8 min in the standard care group. The first stage of active labor was 9.7 ± 4.3 h with continuous support compared to 11.1 ± 3.8 h with standard care (p = 0.35), and the duration of the second stage was 2.3 ± 1.4 h with continuous support and 2.6 ± 1.5 h with standard care (p = 0.52).


Table 1. Maternal data.
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The delivery mode with continuous support was spontaneous delivery in 73% (n = 22/30), instrumental delivery in 23% (n = 7/30), and emergency CS in 3% (n = 1/30), whereas standard care was followed by spontaneous delivery in 62% (n = 18/29), instrumental delivery in 24% (n = 7/29), and CS in 14% (n = 4/29) (p = 0.19).

Women in the continuous support group used epidural analgesia (EDA) in 77% (n = 23/30) compared with 90% (n = 26/29) in the standard care group (p = 0.42), and they used 3.7 ± 3.2 doses of EDA compared to 5.1 ± 3.9 (p = 0.19). Women with continuous support used inhalation of a mixture of oxygen and nitrous oxide (50:50%) in 60% (n = 18/30) compared to 90% (n = 26/29) (p = 0.42). The continuous support group received combined modes of labor analgesia such as inhalation of a mixture of nitrous oxide and oxygen (50/50%), acupuncture and /or pudendus blockage more often in 30% (n = 9/30) compared to 14% (n = 4/29) the standard care group (p = 0.04). Linear regression analysis of duration of active labor in dependence of combined modes of labor analgesia revealed a significant negative correlation −0.26 (p = 0.03).

Presence of a midwife or nurse in the labor room was documented for 4.9 ± 3.6 h (50%) and 1.9 ± 1.2 h (83%) of the time during the first and second stages of active labor in the continuous support group. The corresponding rates in the standard care group were 5.1 ± 2.1 h (46%) (p = 0.29) and 2.2 ± 1.0 h (84%) (p = 0.34).

Women's satisfaction with delivery when asked before discharge from the hospital was comparable with VAS score 7.7 ± 2.0 after continuous support and 7.8 ± 2.1 after standard care (p = 0.61). The mean hospital stay was 2 days after vaginal delivery and 3 days after emergency CS.

Maternal cortisol levels are shown in Table 2. Women in the continuous support group tended to have lower cortisol levels during all stages of active labor compared to women with standard care – during the first stage 1,199 ± 482 nmol/L compared to 1,363 ± 503 nmol/L (p = 0.28), during the second stage 1,301 ± 614 nmol/L compared to 1,378 ± 682 nmol/L (p = 0.72), and during the third stage 1,273 ± 413 nmol/L compared to 1,426 ± 533 nmol/L (p = 0.30). Low cortisol during the first stage of active labor was correlated to shorter duration of the first stage (p = 0.02) but not to duration of the second stage (p = 0.59). Likewise, low cortisol during the second stage was correlated to shorter duration of the first stage (p = 0.04) but not to duration of the second stage (p = 0.93). Maternal cortisol during the third stage was not correlated to the length of the first (p = 0.17) or second (p = 0.68) stages of active labor. Serum samples were not obtained from all women due to practical reasons.


Table 2. Maternal serum cortisol.
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Neonatal data are shown in Table 3. The BW (mean ± SD) was comparable 3,617 ± 567 g between the continuous support group and 3,447 ± 489 g the standard care group (p = 0.51). There were no signs of neonatal asphyxia expressed as an Apgar score <7 at 5 min or a BE(a) < -10 mmol/L. The mean Apgar score at 5 min was comparable 9.8 ± 0.5 in the continuous support group and 9.8 ± 0.4 in the standard care group (p = 0.85). None of the neonates in either of the groups was admitted to NICU care. There were no neonatal deaths.


Table 3. Neonatal data.
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DISCUSSION

Although labor support by a midwife is described as early as during the 13th century BC in The Book of Exodus (Shemot, Heb.), where midwives are mentioned by their names Shiphrah and Puah (The Hebrew Bible, 2019), further understanding about the impact of labor support is still warranted in today's obstetric practice (Kennell et al., 1991; Bohren et al., 2017; World Health Organization, 2018; Uvnas-Moberg et al., 2019; Olza et al., 2020). Whether continuous labor support promotes labor progress and spontaneous delivery is of high clinical importance, since most instrumental deliveriers and emergency CS are carried out because of prolonged labor. These interventions increase the risk of complications such as obstetric bleeding, infection, perineal lacerations and a negative birth experience (Simic et al., 2017; da Silva Charvalho et al., 2019). The obstetric care and teamwork which involves obstetricians, midwives and nurses is dynamic and complex. Interprofessional collaboration and continuous, respectful communication with the laboring woman and the couple is crucial for high-guality medical safety and satisfaction with delivery. Different regional, hospital and professional cultures can constitute barriers and counteract constructive interprofessional collaboration (Romijn et al., 2018).

In this randomized controlled study, we have investigated the duration of active labor, delivery mode, need of labor analgesia, satisfaction with delivery, and cortisol levels among primiparous women who received continuous support as compared to labor support according to standard clinical routines. Furthermore, we have investigated the neonatal morbidity of their infants. The main findings were, that continuous support was followed by shorter active labor than was labor support according to standard clinical routines. Continuous support was followed by a high rate of vaginal delivery 97% compared to 86%, and a low emergency CS rate 3% compared to 14%. Women in the continuous support group tended to receive EDA more seldom and fewer EDA doses, and they received combined modes for labor analgesia more often. Women's satisfaction with delivery did not differ between the groups when asked before discharge from the hospital. Maternal cortisol in they continuous support group tended to be lower during all stages of active labor and low cortisol was correlated to shorter active labor. No cases of neonatal distress were observed, none of the neonates was admitted to NICU care, and there were no neonatal deaths.

The duration of active labor among primiparous women with continuous labor support was shorter not only when compared to women with standard care in the present study, but also when compared to the duration of active labor among primiparous women with singleton pregnancy and spontaneous labor onset in a large contemporary study (Zhang et al., 2010). Based on the present findings of a tendency toward lower cortisol among women with continuous support and the correlation between low maternal cortisol and shorter active labor, taken together with previous reports showing that cortisol represents stress during delivery (Miller et al., 2019), we concluded that women with continuous support had a lower stress level which promoted labor progress. The present results were in agreement with previous studies reporting that high emotional stress and anxiety are related to longer duration of labor (Lederman et al., 1985; Alehagen et al., 2005; Hishikawa et al., 2019; Miller et al., 2019; Uvnas-Moberg et al., 2019; Olza et al., 2020).

Women with continuous support tended to use EDA more seldom and fewer EDA doses, and they received more combined modes of labor analgesia – inhalation of a mixture of nitrous oxide and oxygen (50/50%), acupuncture and /or pudendus blockage – than women with standard care, which could have contributed to labor progress. Combined methods for labor analgesia were positively correlated to shorter labor in the present study. Reports of longer labor and lower circulating endogenous oxytocin levels among women with EDA compared to women without EDA attribute these effects to a block of parasympathetic fiber mediated oxytocin release, known as the Ferguson reflex (Flint et al., 1978; Rahm et al., 2002; Anim-Somuah et al., 2018). Some authors (Miller et al., 2019) but not all (Alehagen et al., 2005) report lower cortisol levels in laboring women with EDA compared to women without EDA.

The theoretical explanations for the mechanisms behind labor support on childbirth outcomes hypothesize that labor support enhances labor physiology and mothers' feelings of control and competence, and by reducing fear, anxiety, pain, and reliance of medical interventions (Kennell et al., 1991; Bohren et al., 2017; World Health Organization, 2018; Uvnas-Moberg et al., 2019; Olza et al., 2020). It is well-documented, that components of labor support such as human presence, psychological support and physical touch facilitate endogenous release of the anti-stress hormone oxytocin, and that oxytocin counteracts anxiety, fear, the experience of pain and decreases levels of the stress hormone cortisol (Uvnas-Moberg et al., 2019; Olza et al., 2020). Furthermore, maternal oxytocin release is not only positively correlated to labor progress and reduced stress and anxiety, but also to the onset of breastfeeding (Nissen et al., 1996). Consequently, maternal oxytocin levels during breastfeeding are inversely correlated to cortisol levels (Handlin et al., 2009). Kennell and Klaus et al. have shown in their pioneering studies, that the presence not only of a supportive person during labor but also the presence of an observer, who stayed in the labor room at some distance from the mother during the entire labor had significant effect on obstetrical outcomes even though she did not speak with the mother. The authors point out, that the observer effect may be solely her presence in the labor room and its positive effects on the laboring woman and on the staff (Kennell et al., 1991).

The CS rate 3% among women with continuous support was lower not only when compared to the CS rate 14% among women with standard care in the present study, but also when compared to the CS rate 10% in primiparous women with spontaneous labor onset (Robson Group 1) at our hospital during the years studied 2015–17, and when compared to the CS rate 8% among primiparous women with spontaneous labor onset (Robson Group 1) in Sweden in 2015–17 (The Swedish Pregnancy Register, 2020). Maternal age and BMI might have been confounders regarding labor outcome since high maternal age and high BMI increase the risk of CS (Weiss et al., 2004; Londero et al., 2019). Nevertheless, maternal age and BMI in the present study were comparable to the mean age 29 years and mean BMI 24 among primiparous women in Sweden in 2015–17 (The Swedish Pregnancy Register, 2020). The present results were in accordance with the results by Kennell et al. (1991), and with a recent study on term pregnant primparous and parous women with spontaneous labor onset, where supportive care by a doula during childbirth is followed by a high rate of vaginal delivery 94%, compared to 92% with acupuncture and 60% with standard care (Akbarzadeh et al., 2014). Previous studies have shown, that fear of vaginal delivery among primiparous women is associated to a higher rate of planned CS in 19% compared to 3% in a reference group of women not fearing vaginal delivery (Sydsjö et al., 2014), and that most planned CS are performed because of fear of vaginal delivery and non-medical reasons (da Silva Charvalho et al., 2019).

Surprisingly, the rate of documented presence by a midwife or a nurse in the labor room did not differ between the groups. Even though the quality of labor support was not monitored here, we observed, that women in the continuous support group received longer periods of labor support whereas women in the standard care group received more fragmented support in shorter periods of 5–15 min according to standard clinical routines. It is possible, that the mere participation of women in the present study increased the focus on labor support and thereby the presence by a midwife or a nurse in both groups according to the Hawthorne effect, which describes that individuals may modify an aspect of their behavior when they are aware of being observed (McCambridge et al., 2014).

Strengths of this study were its randomized controlled design, the inclusion of primiparous women without intercurrent diseases or pregnancy complications only, and that all data were collected from original electronic obstetric records. Limitations were that midwives and nurses did not get any special training before start of the study and that continuous support was not provided according to standardized criteria. Since the power analysis was based on the primary outcome duration of active labor, the results regarding the secondary outcome rate of emergency CS may be biased. Also, the acute stress hormones catecholamines and the anti-stress hormone oxytocin were not monitored here.

Future studies on the impact of continuous labor support on childbirth outcomes, and on longterm effects such as bonding between the mother and infant, onset of breast-feeding and postpartum health are encouraged. Continuous support according to standardized criteria after special staff education, and with standardized protocols to monitor anxiety, fear and pain would add valuable information to this field.

In conclusion, the results of this randomized controlled study showed, that primiparous women who received continuous labor support by a midwife or a nurse had shorter active labor than primiparous women who received support according to standard clinical routines. Continuous support was followed by a high rate of vaginal delivery and a low rate of emergency CS. Maternal cortisol in the continuous support group tended to be lower during all stages of active labor reflecting a lower stress level and low maternal cortisol was correlated to shorter active labor. Based on these results, we recommend continuous labor support for all primiparous women during active labor.
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Oxytocin (OT) is one of the most intensively researched neuropeptides during the three past decades. In benign social contexts, OT exerts a range of desirable socioemotional, stress-reducing, and immunoregulatory effects in mammals and humans and influences mammalian parenting. Consequentially, research in potential pharmacological applications of OT toward human social deficits/disorders and physical illness has increased substantially. Regrettably, the results from the administration of exogenous OT are still relatively inconclusive. Research in rodent maternal developmental programming has demonstrated the susceptibility of offspring endogenous OT systems to maternal somatosensory stimulation, with consequences for behavioral, epigenetic, cognitive, and neurological outcomes. A translation of this animal research into practically feasible human parenting recommendations has yet to happen, despite the significant prevention potential implied by the maternal developmental programming research. Extended physical contact with full-term healthy infants in the months following birth (infant carrying) might constitute the human equivalent of those specific rodent maternal behaviors, found to positively influence emerging OT systems. Findings from both OT and maternal programming research parallel those found for infants exposed to such extended parental physical contact, whether through skin-to-skin contact or infant carrying. Clinical support of parents to engage in extended physical contact represents a feasible intervention to create optimum conditions for the development of infant OT systems, with potential beneficial long-term health effects.
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HIGHLIGHTS


-Oxytocin is implicated in positive physiological and psychological adaptations, with significant consequences for lifelong health.

-Oxytocin systems are shaped by early bidirectional parent–infant somatosensory stimulation.

-In oxytocin research, concluding remarks frequently highlight the vital necessity to translate findings to parenting practices.

-No medical guidelines exist to support optimum early development of oxytocin systems in humans.

-Increasing clinical support for parental full-term infant carrying/skin-to-skin contact constitutes a promising avenue to influence oxytocin systems.





INTRODUCTION

In the past decades, two related research domains have been the subject of intense exploration: the neuropeptide oxytocin (OT) and rodent maternal behavioral programming of offspring neurological and behavioral development (Meaney, 2001; Buschdorf and Meaney, 2015; Insel, 2016). OT is implicated in the regulation of maternal caregiving as well as socioemotional and physiological development and health (Pedersen and Boccia, 2002; Clodi et al., 2008; Insel, 2010; Rilling and Young, 2014; Kim and Strathearn, 2016; Carter, 2017; Jones et al., 2017; Ding et al., 2019; Strathearn et al., 2019; Buemann and Uvnäs-Moberg, 2020).

In healthy human subjects, employing intranasal OT administration have shown anxiolytic effects (Heinrichs et al., 2003), enhanced recognition of emotional facial expressions (Kirsch et al., 2005; Bartz et al., 2010; Hurlemann et al., 2010; Marsh et al., 2010), increased interpersonal trust, especially among in-group members (Kosfeld et al., 2005; De Dreu et al., 2010), and elevated empathic concern for conspecifics (MacDonald and MacDonald, 2010).

These findings have sparked considerable research interest in applying OT administration to reduce or ameliorate mental disorders, including autism (Meyer-Lindenberg et al., 2011; Geng et al., 2018), depression (MacDonald et al., 2013; Kim et al., 2014), anxiety (Jones et al., 2017), social phobia, schizophrenia (Jarskog et al., 2017), insecure attachment (Buchheim et al., 2009), and addiction (Pedersen, 2017). At this stage, the most robust positive outcomes have been demonstrated for alcohol addiction (Pedersen et al., 2013; Pedersen, 2017) and autism (Hollander et al., 2003, 2007; Guastella et al., 2010; Tauber et al., 2011; Aoki et al., 2014; Watanabe et al., 2015; Yamasue, 2016; Higashida et al., 2019).

High doses of OT administration (80 IU/day) over several weeks have significant positive effects on schizophrenia (Zheng et al., 2019). Similarly, repeated intranasal oxytocin administration early posttrauma reduces subsequent PTSD symptom development in recently trauma-exposed emergency department patients with high acute PTSD symptoms (Frijling, 2017).

In non-clinical mothers, OT infusion during labor or following planned cesarian induced positive personality adaptations (Jonas et al., 2008; Velandia, 2012).

Relevant to the scope of the present article—primary prevention across both psychological and physiological domains—OT administration has been shown to induce weigth loss in humans and improve control of energy intake (Lawson et al., 2020) and may also offer potential for improved cardiovascular health through improved immune system functioning (Buemann and Uvnäs-Moberg, 2020).

For some domains, such as postpartum maternal depression and its interaction with the quality of parental caregiving, current effects of OT administration are equivocal (Scantamburlo et al., 2015; Mah, 2016; De Cagna et al., 2019).

The ambiguous outcomes of OT administration in relation to some of social disorders are in part ascribed to an enhanced “social salience effect” whereby OT increases the salience of both positive or negative social stimuli, resulting in increased prosocial behavior in positive environments, but producing defensive and, ostensibly, “antisocial behavior” in negative (competitive or potentially threatening) environments, which, however, when the behavior is viewed contextually, represents an adaptive response to social unsafe or provoking cues (Bartz et al., 2011; Bakermans-Kranenburg et al., 2012; Bakermans-Kranenburg et al., 2013; Tabak, 2013; Ne’eman et al., 2016). Although OT has been mostly linked to prosocial behavior, it also acts a “boundary setting” hormone, influencing, e.g., maternal aggression toward intruders, experimentally placed in the maternal cage with the pups present (Bosch, 2013). For example, among high-anxiety rodent dams, the levels of intracerebral release of OT correlates with maternal aggression toward a virgin intruder (Bosch et al., 2005), and in low-anxiety strains, synthetic OT infusion in the paraventricular nucleus through retrodialysis increases maternal intruder-directed aggression (Bosch and Neumann, 2012). Attachment status/caregiving history and genetic composition is also implicated in differential outcomes of OT administration (Macdonald, 2012; Riem et al., 2013; Feldman and Bakermans-Kranenburg, 2017). Much of the OT administration research has been based on single-dose treatments, whereas many of the conditions attempted to be treated are considered to be of a permanent or long-lasting nature, necessitating long-term treatments—for a review of chronic OT administration, see Horta et al. (2020). Furthermore, as evidenced by animal research, the differential effects of OT in different species is partially mediated by differential species-specific distributions of OT receptors (Insel, 2010). Exogenously administered OT reaches very different (peripheral) OT receptor sites, compared to endogenously released OT (activated through, e.g., somatosensory stimulation), in part because exogenously administered OT may not readily cross the blood–brain barrier (Leng and Ludwig, 2016; Uvnäs Moberg et al., 2019). Additionally, more work is required to establish relevant dosages of OT (Insel, 2016; Leng and Ludwig, 2016).

However, there are other pathways than pharmacological remedies for the stimulation of oxytocinergic mechanisms. Several veteran OT researchers have highlighted the early life period as one of great developmental plasticity for OT systems, calling for the translation of OT animal research to early human interventions, but regrettably, so far, there has been few concrete proposals regarding the potential nature of such an intervention (Francis et al., 1999; Pedersen and Boccia, 2002; Pedersen, 2004; Carter et al., 2009; Hammock, 2015), with Champagne (2008) and Feldman et al. (2014) as notable exceptions.

One of the salient intersections of research in OT systems functioning and rodent maternal programming, respectively, is the effects of non-noxious tactile stimulation (Francis et al., 2000; Uvnäs-Moberg et al., 2014), the latter requiring no medical involvement. The purpose of this article is to investigate the potential translation of the combined OT-related tactile stimulation and maternal programming research into primary prevention. Primary prevention aims to prevent disease before it occurs by altering behaviors that can lead to disease or injury and increasing resistance to disease or trauma/injury should exposure occur (Institute for Health & Work, 2015). Given the premise that suboptimum or dysfunctional OT functioning is implicated in a range of mental and physical illnesses (Strathearn, 2011; McQuaid et al., 2014; Kim, 2015; Wang et al., 2015; Colonnello et al., 2017), the essential prevention question becomes whether there may be ways to universally support an optimum development of the OT system.

One potential candidate for such primary intervention involves the practice of clinically recommended and supported extended parent–infant physical contact in the first months (EPIC), following birth at term (Norholt, 2020). Such extended parent–infant physical contact can be obtained through skin-to-skin ventral–ventral contact (Bystrova et al., 2003, 2009; Bigelow and Power, 2012) or through infant carrying with both caregiver and infant clothed, whether ventral–ventral (colloquially known in Western cultures as “babywearing”) (Williams and Turner, 2020), lateral–ventral (“hip-carrying”), or dorsal–ventral (“back-carrying”) (Graham et al., 2015).

It would appear obvious to include in the argumentation for such an intervention the full range of studies, which have sought to correlate plasma or saliva levels of OT to human behavioral phenotypes, especially in relation to both maternal and paternal caregiving. However, it is not clear at this stage whether such peripherally derived measures reliably reflect central nervous system concentrations of OT (Altemus et al., 2004; Kagerbauer et al., 2013; Carson et al., 2015). The interpretation and comparability between some of the human studies are also hampered by concerns regarding the validity of widely used commercially available immunoassays, which quantify peripheral OT concentrations in plasma and saliva (Horvat-Gordon et al., 2005; Szeto et al., 2011; McCullough et al., 2013; MacLean et al., 2019). One complication when comparing measurements of plasma and saliva OT levels arises from the finding that saliva OT appears to be a weak correlate for plasma OT (Quintana et al., 2018).

Furthermore, the two dominant approaches to measuring OT in plasma, radioimmunoassay and enzyme immunoassay, result in OT levels that are 100-fold different and, even more bewildering, are not correlated (Szeto et al., 2011; McCullough et al., 2013). Radioimmunoassays detect the intact OT hormone, whereas enzyme immunoassays may have less specific binding properties, which consequently detect both OT fragments as well as the principal OT hormone, leading to higher OT values (McCullough et al., 2013; Uvnäs Moberg et al., 2019). Our understanding and measurement of the impact of OT on physiological and behavioral systems are furthermore complicated by the possibility that oxytocin may be a principial hormone, exerting its effects in part through larger precursor OT molecules or converted active OT fragments with more specific effect profiles, the latter potentially binding to other receptors (such as alpha-2-adrenoreceptors) than the classical OTR (Uvnäs Moberg et al., 2019). For the most recent insights into validation of OT measurements, please refer to MacLean et al. (2019), but consider also Uvnäs Moberg et al. (2019) work on OT fragments. For reviews of OT in human parenting (e.g., Feldman, 2016; Feldman and Bakermans-Kranenburg, 2017).

Thus, the article will provide a brief summary of relevant OT research, with an emphasis of the effects of non-noxious tactile stimulation as well as the rodent maternal developmental programming research, which is centered on variations in maternal tactile stimulation—pup-directed licking and grooming and maternal skin-to-skin contact. The modalities and effects of extended parent–infant contact are described and discussed in relation to OT sensory stimulation and maternal developmental programming research. Clinical and policy implications are elaborated.



GENERAL ASPECTS OF OT

OT and the closely related peptide hormone vasopression (VP) are among the oldest mammalian hormones and are considered to have been central to human evolution (Robinson et al., 2019). Here, the description is restricted to OT (see, e.g., Carter, 2017 for a description of OT and VP dynamics). OT dynamically modulates the autonomic nervous system, affects vagal and immune system functioning, and exert pervasive adaptive functions on social behavior, which again predicts both emotional and physical health (Puig et al., 2013; Carter, 2014).

OT is a neuropeptide consisting of nine amino acids, produced in two nuclei within the hypothalamus, i.e., the paraventricular nucleus and the supraoptic nucleus. Within these two cell groups, OT is produced in two types of cells: the magnocellular neurons and the parvocellular neurons. OT has a dual function as both a hormone and as a neurotransmitter. Its hormonal effects are exerted via magnocellular neurons within the paraventricular nucleus and the supraoptic nucleus, which project to the neurohypophysis wherefrom oxytocin is released into the circulation, where it mediates the classically known OT effects on uterine contraction during labor and milk ejection during breastfeeding. However, the magnocellular neurons are furthermore provided with axon collaterals, which reach other regulatory parts of the brain, including the frontal cortex, the amygdala, and the anterior pituitary, where OT acts as a neurotransmitter. The parvocellular OT neurons emanating from the paraventricular nucleus also contribute to the neurotransmitter function of OT through their projections to many different cortical, limbic, and brainstem areas of the brain (Uvnäs-Moberg, 2015). Under conditions of intense stimulation of OT secretion, where OT is released not only from the axons of OT-producing neurons but also from the cell body and dendrites, OT can also exert its effects through diffusion to nearby and even distant parts of the brain to which no OT neurons project but which contain OT receptors (Ludwig and Leng, 2006). Such intense stimulation may furthermore induce temporary morphological changes in the OT-producing areas in the hypothalamus, causing surrounding supporting glia cells to withdraw, inducing functional changes in that the OT-producing cells gradually synchronize their electrical activity, leading to their releasing of electrical bursts, which induce pulses of OT into the circulation, as seen during labor and breastfeeding (Hatton et al., 1984; Theodosis, 2002).


Oxytocin Production in Extrahypothalamus Sites

Production of OT is not restricted to the hypothalamus but has been found to also occur in the uterus, ovaries, amniotic fluid, placenta, heart, blood vessels, gastrointestinal tract, testes, kidneys, and thymus, where they exert local (paracrine) effects (Gimpl and Fahrenholz, 2001).



OT Receptors

OT exerts its functions by binding to identical OT receptors (OTRs), present in both the brain and in the peripheral organs (uterus, mammary glands, kidneys, stomach, heart, blood vessels). Blocking OT receptors of the uterine kind with antagonists do not nullify all effects induced by OT, so additional as yet unidentified OT receptors may also exist. Furthermore, OT elongated preoxytocin molecules (Amico and Hempel, 1990; Green et al., 2001) as well as degradation products can also produce specific effects through binding to such unidentified OT receptors or by binding to opioid receptors and alpha-2-adrenoreceptors (Uvnäs-Moberg, 2015; Uvnäs Moberg et al., 2019).



Genetic and Epigenetic Factors

The OT network, consisting of both OTergic neurons and OTR, is capable of undergoing dynamic changes, not least in the early stages of life, in an intricate interplay of the caregiving environment and genetic susceptibility to the caregiving environment (Toepfer et al., 2017).



NON-NOXIOUS TACTILE STIMULATION AND OT IN RODENTS AND THE IMPLICATION OF THE RESEARCH FOR HUMANS


OT Release in Response to Non-noxious Somatosensory Stimulation

Some of the earliest indicators of oxytocin release in response to stimulation of sensory nerves originating in the skin spring from rodent research, conducted by the oxytocin research pioneer, Kerstin Uvnas-Moberg. When anesthetized adult rats were exposed to electric stimulation of the sciatic or vagal nerves or received gentle stroking on their backs, plasma OT levels rose by 30–184% or 181%, respectively (Stock and Uvnäs-Moberg, 1988). Employing either vibration, warm temperature, or electroacupuncture to male anesthetized rats similarly increased plasma and cerebrospinal fluid OT levels (Uvnäs-Moberg et al., 1993). In humans, massage-like hand movements applied by newborn babies to their mother’s breast increased maternal plasma oxytocin levels (Matthiesen et al., 2001). Similarly, 15 min of moderate-pressure Swedish massage significantly increased plasma oxytocin levels in both men and women (Morhenn et al., 2012).



Effects of Non-noxious Sensory Stimulation

Non-noxious sensory stimulation directed toward somatosensory nerves in either conscious or unconscious rodents acts through differentiated brain pathways to, respectively, reduce sympathetic nervous system activity as well as to increase parasympathetic nervous system activity. These physiological changes give rise to a range of effects, such as increased functioning of the gastrointestinal tract (Holst et al., 2005), increased sociability (Wei et al., 2013), increased pain threshold (Agren et al., 1995), as well as significant antistress effects (decrease in blood pressure and cortisol levels) (Araki et al., 1984; Lund et al., 1999; Wei et al., 2013). Interestingly, the effects of intercerebroventricular OT administration (which bypasses the blood–brain barrier) greatly resembles the effects induced by non-noxious sensory stimulation (Uvnäs-Moberg, 2015). Considering the abovementioned findings that OT is released in response to such stimulation, it is likely that OT is involved in mediating the effects described for non-noxious sensory stimulation. That OT mechanisms are involved is supported by the finding that the elevated pain threshold induced by ventral stroking in rodents is thwarted by the administration of an OT antagonist prior to the tactile stimulation (Uvnäs-Moberg et al., 1993; Agren et al., 1995).

In sum, non-noxious somatosensory stimulation in rodents and humans and its resultant contextually adapted OT response appear to reduce sympathetic nervous system activity as well as activate the parasympathetic nervous system, enabling a state of growth and relaxation or of calm and connectedness, a state that is optimum for both a growing infant and for its caregiving parents, combining the twin goals of supporting infant physical growth/state organization as well as the development a mutual emotional connection (Uvnäs-Moberg et al., 2005; Welch and Ludwig, 2017). In the following section, we will explore studies of maternal tactile stimulation and/or OT administration in the postnatal period and their potential influence on offspring state regulation and biology as well as the offspring own parenting behaviors.



RODENT MATERNAL TACTILE STIMULATION AND OFFSPRING DEVELOPMENTAL OUTCOMES IN RELATION TO OT

OT has long been known to be implicated in basic female reproductive events, such as birth (Dale, 1906, 1909) and breastfeeding (Ott and Scott, 1910). That OT could have a role in modulating social behavior during the transition to maternal behavior in the goat was first proposed by Klopfer and Klopfer (1968) and Klopfer (1971). Pedersen and Prange (1979) and Pedersen et al. (1982) tested that hypothesis by intercerebroventricular injections of OT in virgin rats, which, in an estrogen-dependent manner, stimulated the onset of full maternal behavior.

Research in the behavioral, neurological, and epigenetic outcomes of maternal tactile stimulation has been made possible through the serendipitous observation that rodent mothers within the same species will naturally vary in the amounts of contact, licking and grooming (LG), and arched back nursing (ABN) they direct at their pups during lactation, with significant positive correlations to adult blood pressure (Myers et al., 1989a,b).

To test the developmental and potential non-genomic outcomes of these natural variations in maternal caregiving, Francis et al. (1999) employed cross-fostering as well as an environmental manipulation imposed during early development, which alters maternal behavior, especially maternal LG-ABN of pups. They were able to convincingly demonstrate that variations LG-ABN serve as the basis for a non-genomic transmission of both maternal behavior and stress reactivity.

A major breakthrough in demonstrating how OT systems are linked to the specific maternal behavioral component of pup-directed licking and grooming and arched back nursing was achieved with subsequent studies showing that lactating females characterized as Low LG-ABN during the first week postpartum have decreased levels of OTR binding in the medial preoptic area of the hypothalamus compared to high LG-ABN dams (Champagne et al., 2001; Francis et al., 2000, 2002), as do their offspring. Furthermore, a reduction in pup-directed LG-ABN among high LG-ABN dams can be achieved through central infusion of a selective OTA, in contrast to insignificant effects in low LG-ABN dams (Champagne et al., 2001). Pedersen and Boccia (2002) replicated this finding and also observed an increase in maternal self-grooming, following infusion of an OTA, leading to the conclusion that one of the functions of OT during lactation may be to shift maternal oral grooming away from themselves and instead direct it at the offspring. The expression of estrogen receptor in the medial preoptic area has been shown to be implicated in the expression of OTR and is furthermore susceptible to caregiving environments, as demonstrated through cross-fostering studies (Champagne et al., 2006). As for developmental outcomes, the level of maternal LG-ABN has been found to correlate positively with offspring maternal behavior (specifically LG-ABN behavior) during adulthood, behavioral and endocrine responsiveness to stress, emotionality, performance in tests of spatial learning and object recognition, and glucocorticoid receptor genetic expression in the hippocampus (Liu et al., 1997, 2000; Francis et al., 1999; Caldji et al., 2000).

Pedersen and Boccia (2002) have provided longitudinal evidence that maternal care regulates OT activity in pups, which in turn influences the development of OTR and the development of maternal care when the experimental animals become mothers themselves. Oxytocin receptor concentrations in areas of the adult brain where oxytocin stimulates maternal behavior or diminishes anxiety and adrenal axis responses to acute stress have been shown to be positively related to LG-ABN received during infancy. In a separate study on postnatal days 2–10, pups (F1) were treated with either subcutaneous administration of OT, an OTA, or saline vehicle. At 3–4 months of age, the F1 dams were mated and LG-ABN frequency measured during PND 2 and 5. Through videotaping the maternal behavior of the F0 rearing dams, the outcomes were controlled for variability in maternal caregiving received during the infancy of the F1 dams. Compared to F1 dams treated with saline vehicle, LG-ABN frequency was significantly higher in F1 dams that received postnatal OT and significantly lower in F1 dams treated with OTA (Pedersen and Boccia, 2002).

Furthermore, attesting to the long-term effects of early OT exposure, rats given subcutaneous OT injections or exposed to brief stroking episodes on the ventral side of the abdomen once a day in the postnatal period result in adult decreased blood pressure (Holst et al., 2002) and corticosterone levels (Sohlström et al., 2000) as well as increased adult nociceptive thresholds and increased functioning of central alpha-2-adrenoreceptors (Díaz-Cabiale et al., 2004), the latter with implications for improved stress regulation (Uvnäs-Moberg et al., 2014).

Early studies of the development of OTR expression in rodents indicate that they arise in several brain sites at PND 5 and then gradually increase in density until PND 10–14, to then disappear in most sites at the time of weaning (Shapiro and Insel, 1989; Tribollet et al., 1991). The adult pattern of OTR expression begins to emerge during puberty, which is the other highly plastic period (Gimpl and Fahrenholz, 2001). One of the few brain structures in which oxytocin receptors appear during the early phase and then persist into adulthood is the amygdala (Pedersen and Boccia, 2002). This early expression of OTR in central brain regions coincides with the period where maternal LG-ABN exerts its strongest effects on stress responses and maternal behavior (Meaney et al., 1996). Confirming the existence of this sensitive period, studies employing an environmental manipulation known to increase maternal pup-directed licking and grooming (handling, see Meaney et al., 1996; Lee and Williams, 1974) demonstrate that such manipulation is effective at attenuating stress responses if experienced during the first postnatal week but less so or not at all effective if the handling is experienced exclusively during the second and third postnatal weeks, respectively (Levine and Lewis, 1959; Meaney and Aitken, 1985). Providing an even more fine-grained analysis of the developmental timing of the effects of maternal care on the offspring’s maternal sensitivity, cross-fostering high LG-ABN and low LG-ABN pups at PND 6 produces a shift in maternal sensitivity when the experimental pups become dams themselves so as to correspond to the rearing conditions of the adoptive dam. However, cross-fostering at PND 10 does not demonstrate an effect on maternal sensitivity (Peña et al., 2013).

Through fine-grained behavioral analyses of three main maternal behaviors, which constitute the LG-ABN complex (licking and grooming; simple physical contact lasting 30 s or more; skin-to-skin contact involving large areas of the pup’s body lasting 1 m or more) directed at individual 14 PND pups, Kojima et al. (2012) have shown that, of these three main behaviors, only skin-to-skin contact correlated with hypothalamus OT, but not with peripherally measured plasma OT. Interestingly, it is the thermotactile component of skin-to-skin contact—i.e., the mother reliably providing cutaneous warmth—which appears to potentiate pup OT concentrations as well as facilitate their acquisition of a filial huddling preference. Neither suckling, milk reward, maternal licking, nor mechanotactile stimulation such as stroking appear to affect the acquisition of a filial huddling preference at that particular stage of development (approx. PND 14) (Alberts and May, 1984; Kojima and Alberts, 2009, 2011; Kojima et al., 2012).

These findings, however, do not preclude that the specific licking and grooming behavioral component may influence emerging OT systems during PND 1–13, owing to the extremely dynamic development of OT systems and the large changes in levels and types of maternal care during the preweaning period. In fact, partial reversal of the maternal caregiving deficits normally associated with being raised without a mother was achieved through experimenter-provided licking and grooming-like stimuli during PND 4–20 only (Gonzalez et al., 2001; Lovic and Fleming, 2004).

From these combined findings, we can conclude that rodent pup OT systems are amenable to maternal sensory stimulation, notably licking and grooming and skin-to-skin contact and its concomitant provision of cutaneous warmth. The early shaping of OT systems appears to predict both the offspring’s own maternal behavior as well as epigenetic, endocrine, cognitive, and stress-regulatory outcomes.



EXTENDED PARENT-INFANT PHYSICAL CONTACT

We now turn to our analysis of a potential candidate for the clinical application of the extant findings of the OT research summarized above—extended parent–infant physical contact (EPIC), as described in section “Introduction.” We will address the following questions: (1) Does EPIC involve the human equivalents of the specific maternal caregiving behaviors found to influence OT systems in rodents? (2) Has EPIC been found to influence OT levels in parents and full-term infants? (3) Does EPIC positively influence those particular outcome domains that have been documented following exogenous release of OT or externally administered OT? (4) Does the support of universal EPIC among caregivers of healthy full-term infants constitute a clinically relevant and scalable intervention?


Does EPIC Involve the Human Equivalents of the Specific Parental Caregiving Behaviors Found to Influence OT Systems in Rodents?

Whereas caution should be exerted in translating findings from animal research to humans (Perel et al., 2007), the extant findings from both animal and human research on the links between non-noxious tactile or other somatosensory stimulation and an increase in central or peripheral OT levels suggest that similar mechanisms may be at play (Stock and Uvnäs-Moberg, 1988; Matthiesen et al., 2001; Morhenn et al., 2012). So far, we have evidence from animal studies that maternal pup-directed licking and grooming as well as maternal ventral skin-to-skin contact lasting more than 1 min per bout influence offspring OT systems (Francis et al., 2000; Champagne et al., 2001; Kojima et al., 2012).

We begin our analysis with examining parallels of extended bouts of rodent skin-to-skin contact to large parts of the pups’ body (Kojima et al., 2012) with the specific somatosensory stimulation associated with EPIC. As briefly described in section “Introduction,” EPIC covers a range of relatively similar practices, which all have in common that the infant is placed ventrally toward the caregiver for prolonged periods, usually lasting significantly longer than 1 min per bout of carrying (Anisfeld et al., 1990; Pisacane et al., 2012; Williams and Turner, 2020). Such ventral–ventral contact exerts a static pressure and is likely to activate specific C-fibers, which innervate the breasts and the chest and which are connected to the vagal nuclei, which are possibly in functional contact with cells producing OT in the hypothalamus (Eriksson et al., 1996; Nelson et al., 1998). However, not only non-myelinated C-fibers are activated, but myelinated sensory nerve fibers also play a role in inducing antistress effects, in which OT is likely to play a role (Sato and Schmidt, 1987). Indeed, ventral–ventral skin-to-skin contact have been shown to increase both parental and infant salivary OT levels and to decrease salivary cortisol levels, inducing less anxiety and more synchronous and responsive in parents (Cong et al., 2015; Vittner et al., 2018).

Furthermore, similar to the mechanisms uncovered in rodents (Alberts and May, 1984; Kojima and Alberts, 2009, 2011; Kojima et al., 2012; Meyer and Alberts, 2016), maternal provision of cutaneous warmth during ventral–ventral contract activates cutaneous nerves in the infant, leading to release of OT in the infant, which decreases sympathetic nervous system activity, which in turn reduce infant vasoconstriction, resulting in higher infant skin temperature (Bystrova et al., 2003, 2007; Moberg et al., 2020). Detailed analyses of maternal chest temperature following birth demonstrate both a higher temperature than that of the infant as well as higher variability in a pulsatile pattern when in skin-to-skin contact. This pulsatile pattern is highly adapted to stimulate the increase in infant temperature, as a varying temperature activates the infant cutaneous sensory nerves more effectively than a stable temperature, leading to a synchronization of mother and infant temperatures (Bystrova et al., 2003).

As for the specific mechanotactile maternal behavior of rodent licking and grooming, a human equivalent is considered to be maternal gentle stroking of the infant, at the speed and pressure level, which has been shown to activate a class of touch sensitive nerve fibers named C-Tactile afferents, inducing epigenetic and stress-regulatory effects similar to those found in rodent licking and grooming studies (Murgatroyd et al., 2015; Sharp et al., 2015; Pickles et al., 2017). Furthermore, the effects of this type of affectionate touch has been shown to mirror more generally those that have been reported following endogenous release and exogenous administration of oxytocin and are likely partially mediated by C-Tactile afferents, as reviewed by Walker et al. (2017). Although this is so far not quantitively examined, casual observations and video documentation (Bigelow and Gillis, 2010) of parents engaging in EPIC demonstrate a proclivity of parents to also perform—concurrently—infant-directed affectionate touch in the form of light stroking.

In conclusion, EPIC involves the human functional equivalents of the specific somatosensory stimuli that have been shown in rodent research to influence offspring OT systems, especially ventral–ventral skin-to-skin contact, providing cutaneous warmth, and may also include parental gentle stroking, considered the functional equivalent of rodent licking and grooming. There is still a large research effort ahead to first of all investigate the many potential configurations of combinations of concurrent ventral contact and maternal stroking among human caregivers, and second, to tease out the relative contributions of these two discrete caregiving behaviors to the development of infant OT systems during the period of the infant life span where EPIC is normally conducted.



Has EPIC Been Found to Influence OT Levels in Parents and Full-Term Infants?

So far, no studies have been conducted on full-term infants and their caregivers. However, Vittner et al. (2018), employing the methodology developed by Sue Carter et al. (2007), measured salivary OT and cortisol levels in stable preterm infants and their mothers and fathers before, during, and after a session of skin-to-skin contact in the neonatal intensive care unit (NICU) environment. Salivary OT levels increased significantly during SSC for mothers, fathers, and infants. Cong et al. (2015) similarly measured parental salivary OT before, during, and after a single session of SSC and found both maternal and paternal OT levels to be significantly increased during SSC from baseline. Paternal OT continued to be maintained at a higher level after the SSC session, whereas maternal OT declined.

The question of whether EPIC influences OT levels is, however, complicated by the possibility that much of OT’s effects are exerted through active fragments, which, in the case of skin-to-skin contact, exert antistress effects by acting on alpha-2-adrenoreceptors, decreasing sympathetic nervous system activity. Furthermore, in contrast to maternal predominant brain-located OT response to infant suckling, skin-to-skin contact may to a greater degree activate OT production in peripheral systems, such as the blood vessels and the gastrointestinal tract (Uvnäs Moberg et al., 2019).



Does EPIC Positively Influence the Main Outcome Domains That Have Been Documented Following Endogenous Release and Externally Administered OT?

From the literature cited in the above, three different main domains of outcomes can be defined: socioemotional, stress regulation, and maternal caregiving behavior. If EPIC is to qualify as an evidence-based clinically relevant universal intervention aimed at optimizing healthy full-term infants’ developing OT systems, studies should support the effects of EPIC in these domains.


EPIC and Socioemotional Outcomes

Socioemotional outcomes, especially the capacity to engage in trustful and mutually rewarding relations as measured via, e.g., attachment security, are critical, considering the accumulation of evidence regarding the fundamental role of attachment in an extensive range of developmental outcomes (Garner et al., 2012; Thompson, 2016; Ehrlich and Cassidy, 2019). Hence, in the following, a relatively in-depth description of EPIC-related outcomes is provided.

The first controlled study of EPIC randomized low socioeconomic status (SES) status US mothers after the birth of their full-term healthy infants to receive either a plastic seat (n = 26) or a soft cloth structured infant carrier (n = 23), designed to carry the infant in ventral–ventral contact (Anisfeld et al., 1990). The participants were encouraged to make daily use of the products provided. To document actual usage, pedometers were sewn inside the soft cloth infant carriers. At 13 months of age, the strange situation protocol was administered. The strange situation is considered the gold standard for measuring infant attachment quality, dividing infants into categories of either secure or insecure attachment, with implications for the effectiveness of the infants’ use of the caregiver as a secure base for exploration of the environment and as stress regulator when the infant faces threatening or ambiguous environments (Ainsworth et al., 1978; Main et al., 1985). In the plastic seat control group, 38% of the infants were classified as secure, in contrast to 83% in the infant carrying group. Among the mothers supplied with infant carriers, the subgroup categorized as high users (through the pedometer readings) had 93% securely attached infants, in contrast to 57% in the subgroup of low/moderate users, suggesting a dose–response relation between infant carrying and positive infant attachment outcomes.

In a recent partial replication, targeting another high-risk population, Williams and Turner (2020) randomized US teenage mothers to either receive an infant carrier (n = 16, min. 1 h/day of infant carrying for 3 months) or high contrast baby books (n = 17) at 2–4 weeks postpartum. At 7 months of age, infant behaviors during the Still-Face Paradigm (Tronick et al., 1978) were coded through an algorithm derived from the Infant Global Rating Scales to determine attachment type (Murray et al., 1996; Abbott, 2016). Infants of mothers issued an infant carrier were more likely to have secure attachments and less likely to have disorganized attachments compared to infants whose mothers were issued baby books. Hours spent in an infant carrier were positively correlated with secure attachment and negatively correlated with disorganized attachment.

The effects of increasing maternal provisions of SSC during the first postpartum month has also been investigated in a Canadian study of low-risk middleclass mothers (Bigelow and Power, 2012). The experimental group (n = 28) was asked to engage in daily SSC and consequently held their infants for 5 h/day during the first postpartum week and 3 h/day during postpartum weeks 2–4. A control group (n = 52) was established for whom no recommendations for SSC were issued, and consequentially, very little SSC was provided. At 1 week and 1, 2, and 3 months, the Still-Face Paradigm (Tronick et al., 1978) was employed to track the infants’ socioemotional development. The SSC infants were found to have an accelerated socioemotional development across these measurements, both in comparison to the control group and to normative development, found in other samples. Furthermore, at the age of 3 months, the SSC infants were found to increase their non-distress vocalizations during the still-face episode compared to the interactive phases of the Still-Face Paradigm, demonstrating the SSC infants’ bids to reengage the unresponsive mother. At that age, such unresponsive maternal behavior will usually frustrate and weaken infant social bidding. A meta-analysis suggests a link between such more eliciting behavior and positive affect during the still-face episode and infant secure attachment at 12 months (Mesman et al., 2009).

A follow-up study at child age 9 years had these Canadian children and their mothers engage in conversation about remembered emotional events in the children’s lives. The conversations were assessed on the Autobiographical Emotional Events Dialogue. Those mother–child dyads, which has engaged in SSC during early infancy, demonstrated more engagement and reciprocity and had a greater likeliness of being classified as emotionally matched. These findings support that early provisions of skin-to-skin contact, which is likely to have influenced emerging OT systems, may have set the mother–child dyads on a mutually socially positive developmental course (Bigelow et al., 2018).

Corroborating the contributions of the thermotactile component of EPIC—the reliable maternal provision of cutaneous warmth—to infant OT systems and socioemotional development, SSC provided postpartum increased neonate peripheral temperatures, relative to control neonates, which were either separated or held in arms while dressed (Bystrova et al., 2003). Furthermore, the neonates’ capacity to maintain high peripheral temperature through their exposure to maternal cutaneous warmth during the first postpartum days predicted their significantly improved socioemotional competencies, relative to control infants, 1 year after birth, revealing a remarkable continuation of optimum physiological regulation to the domain of psychological regulation (Bystrova et al., 2009).



Stress Regulation

There are no studies examining the effects of EPIC in full-term infants on the classical indices of stress regulation, such as cortisol reactivity. However, there are several studies that provide indirect evidence of an improved infant stress regulation through displays of more optimum state control as well as physiological and behavioral calming. For example, when carried in the arms of a briskly walking mother, infants aged < 6 months demonstrated reduced crying, body movement, and heart rate, as well as increased heart rate variability [the latter indicative of a more optimum autonomic nervous system regulation (Porges et al., 2019)], compared to stationary holding or being placed in a cot (Esposito et al., 2013).

Similarly, 2-day-old healthy full-term infants placed separately to their mother in a cot and exposed to maternal SSC for 1 h in each location demonstrated an 82% decrease in quiet sleep during maternal separation in comparison to SSC, as well as a significantly greater latency to enter into quiet sleep, indicative of activation of the sympathetic nervous system (Morgan et al., 2011). Whereas there are no longitudinal data for the long-term effects on sleep organization of early SSC provision among full-term infants, a longitudinal study of premature infants exposed to maternal SSC for at least 14 days of 2 h/day during their NICU stay demonstrated significantly more optimum sleep organization, with more quiet sleep and quiet alert states at term (Feldman et al., 2002). Follow-up at child age 10 years showed that the children exposed to SSC during their prematurity had a significantly greater sleep efficiency and significantly shorter bouts of nighttime awakenings, as measured through five nights, wearing an actigraph, in comparison to the children who received standard incubator care during prematurity (Feldman et al., 2014). Such findings of long-term effects of an early touch-related intervention, which presumably influences developing OT systems, are consistent with the rodent OT research where subcutaneous OT injections or exposure to brief stroking episodes on the ventral side of the abdomen once a day in the postnatal period results in adult decreased blood pressure (Holst et al., 2002), corticosterone levels (Sohlström et al., 2000), increased adult nociceptive thresholds, and increased functioning of central alpha-2-adrenoreceptors (Díaz-Cabiale et al., 2004), the latter positively influencing stress regulation (Uvnäs-Moberg et al., 2014). Nevertheless, to fully corroborate the existence of similar mechanisms for such strong early programming effects in the more developed and physiologically stable full-term infant, longitudinal studies targeting full-term infants and their parents are required.

A study of differences between core and peripheral temperatures across the first two days of life of healthy infants born at term demonstrated how being in SSC with the mother ensures a positive neonate heat balance, whereas being placed separately in the cot results in heat loss of up to 70 W/m2, which is close to what a neonate can compensate for (Fransson et al., 2005). Hence, during the first few days of life, SSC is effective in avoiding cold stress (Bystrova et al., 2003).

Infant crying is an indicator of stress, hence less crying ought to suggest an improved stress regulation. EPIC has been shown to reduce infant crying in two trials with healthy full-term infants (Hunziker and Barr, 1986; St James-Roberts et al., 2006), whereas EPIC may not be effective in alleviating colic (distress > 3 h/day) (Barr et al., 1991; St James-Roberts et al., 1995, 2006), suggesting that colic/unsoothable crying may have as yet understood underlying neurological causes (St James-Roberts, 2008).



Maternal Caregiving

Of the three studies that have investigated EPIC effects on infant social development two have also studied potential effects on maternal caregiving quality. When the infants in Anisfeld et al. (1990) study had reached the age of 3.5 months, 15 min film video recordings of each mother–infant dyad were made of a free-play session. Those mothers who had been issued an infant soft structured carrier at birth were found to be more contingently vocally responsive and showed a trend toward being more sensitive toward their infant’s cues, state, and rhythm, as measured by the sensitivity-related scale from Crnic’s system (Crnic et al., 1983), in comparison to the control group, which was issued a plastic seat. According to a logistic regression analysis, the differences in attachment outcomes were not solely due to differences in maternal responsiveness. Hence, infant carrying appeared to have an effect beyond that attributable to maternal responsiveness.

In their study of 80 middle-class mother–infant dyads, Bigelow et al. (2014) employed the Nursing Child Assessment Feeding Scale (NCAFS), which measure among others maternal sensitivity to infant cues well as responsivity to infant distress at each visit at 1 week and 1, 2, and 3 months postpartum. They, however, found no significant differences in mother–infant interactions between SSC mothers and controls.

Considering that both of the above studies found significant differences in infant socioemotional outcomes, it would appear that maternal sensitivity-oriented measures do not predict infant outcomes well. This is in accordance with meta−analytic data, showing that sensitivity as originally defined by Ainsworth et al. (1978) accounts for a low percentage of the variance in attachment—approximately 6% and only approximately 2% among families with low socioeconomic status (Wolff and Van IJzendoorn, 1997). Relevant to our interest in physical contact and OT, Woodhouse et al. (2020) recently demonstrated which of the many maternal behaviors measured via the sensitivity construct have the strongest impact on infant attachment outcomes. They found that among low SES mothers, it was their capacity to engage in ventral–ventral contact in order to soothe their distressed infants to a fully calm and regulated state at least 50% of the time as well as allow relatively uninterrupted exploration, which mattered the most. Mastering these specific maternal behaviors increased their infants’ chances of developing a secure attachment from about 30 to 71%. These findings mirror those of the early attachment pioneers, which also noted strong links between maternal incompetence or rejection of providing physical contact and infant attachment quality (Ainsworth et al., 1978; Main and Stadtman, 1981).

One of the central findings of the rodent maternal developmental programming was the non-genomic transmission of maternal caregiving behaviors (Champagne and Meaney, 2001). Currently, no longitudinal cross-generational human data exist for the maternal capacity to engage in extended or even brief but sufficiently long bouts of ventral–ventral physical contact (cf. Woodhouse et al., 2020). However, during the home observations that was part of the pioneering work of Ainsworth et al. (1978) conducted to develop the Strange Situation for the assessment of infant attachment quality, some mothers were found to display aversion to physical contact stably across the first year of their childrens’ lives, with resultant infant aggression, conflict behavior, and ultimately insecure-avoidant attachment (Main and Stadtman, 1981). Presumably, such mothers would be the human equivalent of the low LG-ABN rodent dams (Champagne and Meaney, 2001). Employing the Adult Attachment Interview, Main (1990) found links between maternal unresolved representations of received rejections to their childhood bids for physical contact toward their mother and contemporaneous observations of the interviewed mothers’ aversion to physical contact with their infants. Hence, we have some retrospective longitudinal human evidence for the “like mother like daughter” mechanism found in rodents (Champagne and Meaney, 2001).



Does the Support of Universal EPIC Among Caregivers of Healthy Full-Term Infants Constitute a Clinically Relevant and Scalable Intervention?

For any intervention to be considered evidence-based in modern medicine, it would have to live up to the requirements of being (1) sufficiently empirically supported, (2) in accordance with the individual practitioner’s clinical judgment, and (3) acceptable to the client. Whether an intervention is thought to be sufficiently empirically supported to warrant implementation presumably rests on several factors: the urgency of the medical challenge presented, efficacy and feasibility of alternative interventions, the relative financial and organizational demands of all potential interventions.

Do human suboptimum OT systems constitute a medical challenge that requires urgent action? First of all, how to meaningfully quantify proportions of the general population, affected by suboptimum OT systems? Links between OT, maternal attachment representations, maternal caregiving behavior, and infant attachment outcomes (Strathearn et al., 2009; Shah et al., 2010; Atzil et al., 2011; Galbally et al., 2011) suggest that population estimates of infant and adult insecure attachment might serve as a meaningful proxy. On this basis, approximately 40% of the general population will suffer from suboptimum OT systems/insecure attachment (van Ijzendoorn and Sagi-Schwartz, 2008; Bakermans-Kranenburg and van IJzendoorn, 2009; Moullin et al., 2014). Insecure attachment/suboptimum social functioning is increasingly recognized for its role in human physical and psychological disease (Puig et al., 2013; Holt-Lunstad, 2018; McDade and Harris, 2018; Ehrlich and Cassidy, 2019) as is the prophylaxis of the capacity to have positive social connections in the face of childhood trauma (Garner et al., 2012). This ought to make the prevention of children developing suboptimum OT systems an urgent challenge.

Meta-analysis of current infant attachment interventions, which tend to have a maternal representational (e.g., Juffer et al., 2017; Juffer and Bakermans-Kranenburg, 2018) and/or behavioral focus (Bakermans-Kranenburg et al., 2003; Dozier and Bernard, 2017; Caron et al., 2018; Hoye and Dozier, 2018), reveal relatively modest outcomes for infant attachment (Bakermans-Kranenburg et al., 2003; Wright and Edginton, 2016). Furthermore, the interventions mostly require relatively long and frequent individual therapeutic sessions, making them costly to implement (Wright and Edginton, 2016).

Judging from the studies conducted this far, supporting both low- and high-risk parents to successfully engage in EPIC appears feasible (Anisfeld et al., 1990; Bigelow and Power, 2012; Williams and Turner, 2020). However, postpartum specialized clinical support of EPIC may be necessary for greater compliance. To give an illustration of this: An Italian study provided 200 middleclass mothers either an infant carrier after the delivery (of which 65% were cesarean) of their full-term healthy infants or a breastfeeding instruction pamphlet. Of the 100 mothers provided a carrier, 69 utilized it for at least 1 h/day during the first month of life, while 31 did not use it at all. Of the non-using mothers, 15 ascribed their non-use to cesarean pain. Other reasons for non-use was not feeling comfortable with the carrier or the infant crying while in the carrier (Pisacane et al., 2012). Theoretically, based on the findings of Main (1990) described above, some parents may have challenges in engaging in EPIC, based on their own childhood received rejections of their bids for physical contact. Parents’ capacity to engage in EPIC may also be influenced by their own unresolved childhood trauma and autistic traits (Voos et al., 2013; Iyengar et al., 2014, 2019; Peled-Avron and Shamay-Tsoory, 2017). At this early stage of development of clinical implementation of EPIC, very little information exists as to the proportion of parents likely to face challenges engaging in close physical contact with their infant. Consequentially, therapeutic approaches to resolve such challenges have also yet to be defined and confirmed through testing. Potential therapeutic pathways could involve tactile components, such as massage, body psychotherapy, or psychomotor therapy, capitalizing on the OT research, which demonstrates links between received tactile stimulation, OT levels, and subsequent willingness and capacity to purposefully engage in conspecific social contact (Stock and Uvnäs-Moberg, 1988; Uvnäs-Moberg et al., 2005; Lukas et al., 2011). Massage and other manual touch-related therapies, such as reflexology, have been shown to increase salivary and plasma OT levels in male (Morhenn et al., 2012; Li et al., 2018), female (Morhenn et al., 2012), puerperal (Yokoyama et al., 1994; Matthiesen et al., 2001), and autism spectrum disorder subjects (Tsuji et al., 2015), reduce stress and anxiety in a psychiatric inpatient ward (Garner et al., 2008), and, when delivered in several sessions antenatally, reduce labor pain and/or labor duration in parturient women (Nabb et al., 2006; Dolatian et al., 2011; McCullough et al., 2017), indicative of improved OT functioning (Uvnäs-Moberg et al., 2019). Other potential therapies, with a rich history of clinical application and presumably acting on and via OT mechanisms, could include parent–infant attachment-promoting body psychotherapy (Harms, 2015) or psychomotor interventions (Emck and Scheffers, 2019). However, all of these abovementioned therapies are yet to be rigorously and formally evaluated for the effectiveness in resolving parental discomfort or incapacity in relation to extended parent–infant contact, attesting to the scant research efforts invested toward implementation challenges of parent–full-term infant contacts practices in clinical settings, in stark contrast to the current state for parental–preterm infant contact (kangaroo mother care) (Bergh et al., 2016; Chan et al., 2017; Smith et al., 2017; Nimbalkar and Sadhwani, 2019).



CONCLUSION

Impressive progress has been made in the past decades in understanding the OT-related biology of somatosensory stimulation and its links to animal and human social interaction, especially parent–offspring behavior (Champagne et al., 2001; Uvnäs-Moberg, 2015; Insel, 2016; Feldman and Bakermans-Kranenburg, 2017). Much of the research in potential clinical applications of these biological discoveries have been invested in pharmacological approaches, targeting various social deficits, albeit with limited success (Bakermans-Kranenburg et al., 2013; Grimm et al., 2014; Hofmann et al., 2016; Quintana and Woolley, 2016). In recent years, a shift from the focus on primarily negative aspects of maternal mental health, such as symptoms of depression, anxiety, or states of distress and child maladaptation to positive maternal health and child resilience-inducing processes signals a growing awareness of the vital necessity to move at least some of the available research resources toward more preventative approaches (Feldman, 2020; Phua et al., 2020). Similarly, the emerging evidence for links between the capacity to engage in trustful relations—being securely attached—and physical health (Puig et al., 2013; Holt-Lunstad, 2018; McDade and Harris, 2018; Ehrlich and Cassidy, 2019) as well as the large proportion of the general population showing deficits in that very capacity (van Ijzendoorn and Sagi-Schwartz, 2008; Bakermans-Kranenburg and van IJzendoorn, 2009; Moullin et al., 2014) gives even greater urgency to confirm and implement scalable interventions. Supporting parents to engage in extended physical contact with their full-term healthy infants appears to bring about many of the animal OT- and sensory-stimulation-related effects and furthermore may be a comparatively low-cost and thus scalable intervention (Williams and Turner, 2020). With these perspectives, a clinical application of the hard-won insights over the past decades into fundamental affiliative and resilience-inducing biological mechanisms may be within reach.
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Aims: This work aimed to study consequences of medical interventions in connection with birth on infant pre-feeding and feeding behaviors and on maternal oxytocin levels in connection with a breastfeed 2 days later.

Materials and Methods: Mothers and their full-term newborns (n = 41) were videotaped during a breastfeed 2 days after birth. Duration and quality of rooting [Infant Breastfeeding Assessment Tool (IBFAT)] were assessed. Maternal blood samples were collected, oxytocin levels were analyzed, and mean oxytocin level and variance were calculated. Data on medical interventions during birth, number of breastfeedings, and infant weight loss since birth were recorded. Data were analyzed using logistic regression models.

Results: The duration of infant rooting was significantly shorter when the mother had received epidural analgesia. The shorter the duration of infant rooting, the more often infants had breastfed and the greater was the infant weight loss since birth. Mothers with epidural analgesia with oxytocin had the lowest oxytocin mean levels in connection with a breastfeed. Oxytocin variance correlated positively with quality of rooting and correlated negatively with infant weight loss. In the control group alone, we found similar patterns of associations with oxytocin levels.

Conclusion: Epidural analgesia and epidural analgesia with oxytocin infusion in connection with birth negatively influenced infant rooting behavior and maternal mean oxytocin levels, respectively. Oxytocin infusion alone was without effect. The data also suggest that infants who suck well stimulate oxytocin release more efficiently, as expressed by a high oxytocin variance, leading to a better stimulation of milk production and consequently to a reduced infant weight loss 2 days after birth.

Keywords: epidural analgesia, newborn behavior, oxytocin, postpartum, rooting, breastfeeding


INTRODUCTION

The World Health Organization (WHO) (2017) recommends exclusive breastfeeding for the first 6 months of life and mother–infant skin-to-skin (SSC) contact immediately after birth, which facilitates breastfeeding (Dykes and Aryeetey, 2018).

When a healthy full-term newborn infant is placed in uninterrupted contact SSC with his/her mother immediately after normal and non-medicated birth, the newborn exhibits an organized pre-breastfeeding behavioral pattern. The infant starts to suck the breast at about 1 h of age and falls asleep at about 2 h of age (Widstrom et al., 1987).

Rooting is one of the most well-known and well-defined pre-feeding behaviors of the newborn. During rooting, the infant lifts his/her head and turns the head from side to side with concomitant opening of the mouth to prepare for sucking (Prechtl, 1958; Glodowski et al., 2019). Rooting behavior is stimulated when the infant cheek touches the maternal breast and increases in intensity when the infant wants to breastfeed. Activation of the rooting reflex is mediated by stimulation of sensory nerves in the skin of the infant cheek, but other stimuli such as hunger or odors can facilitate rooting behaviors (Varendi et al., 1997; Hym et al., 2020).

A previous study has demonstrated that infant rooting behaviors most likely predict the ability to express the infant’s need for food, i.e., to breastfeed. If the infant does not root or roots to a lesser extent, (breast)feeding ability is depressed. Thus, rooting is an internal feeding cue from the newborn, and for the mother, rooting behavior is a clear signal that the infant wants to breastfeed (Glodowski et al., 2019). Thus, if the rooting reflex is negatively affected by maternal medical interventions even on day 2 after birth, the infant might not latch on to the breast correctly, and the dyad may lose an opportunity to breastfeed.

Oxytocin is a peptide molecule which is produced in the supraoptic and paraventricular nuclei (SON and PVN) of the hypothalamus and is transported to the posterior pituitary and released into the circulation. The milk ejection reflex is stimulated when the infant starts to suck the breast (Lawrence and Lawrence, 2010). Sucking leads to an immediate and pulsatile release of oxytocin, which causes contractions of the myoepithelial cells that are located in the mammary glands and subsequent milk ejection occur. In addition, massage-like hand movements of the infant on the maternal breast is followed by increase of maternal oxytocin levels (Matthiesen et al., 2001).

In a recent study by our group, pre-feeding and sucking behaviors of the full-term newborn to unmedicated mothers were studied in connection with a breastfeed 2 days after birth (Takahashi et al., 2015). It was found that the duration of pre-feeding behaviors on day 2 after birth was much shorter than the duration of pre-feeding immediately after birth.

However, pre-feeding behaviors occurred in the same order as immediately after birth: rooting, hand-to-mouth movements, licking of the nipple, and hand-to-breast-to-mouth movements, where rooting was the most prominent behavior. Furthermore, low infant age and high weight loss since birth were related to a long duration of rooting, suggesting the existence of a physiological mechanism aimed at ascertaining adequate food intake (Takahashi et al., 2015).

The use of medical interventions has become more common during childbirth over the last decades. Epidural analgesia (EDA) is the most common pharmacological pain relief during labor in the Western world. For example, 62% of primiparous women in Sweden receive EDA at some stage of labor (National Board of Health and Welfare, 2019). Evidence has shown that medical interventions administered to the mother in connection with childbirth influence maternal and infant behavior and their interaction. For instance, opioids have been shown to delay the first breastfeeding after birth and to hamper the sucking behavior of the infant (Murray et al., 1981; Nissen et al., 1995). Epidural analgesia with bupivacaine administered to mothers negatively affected infants’ scores on the Brazelton Neonatal Behavioral Assessment Scale (BNBAS), where infants whose mothers had received EDA during birth showed poorer performance on motor clusters during the first month of life (Sepkoski et al., 1992). Exposure to regional anesthesia during birth has also been associated with impairment of infant motor functions of the mouth and limbs up to 6 weeks after birth (Baumgarder et al., 2003). Further, newborns to mothers who had been exposed to different types of analgesia such as bupivacaine via EDA, mepivacaine via pudendal block (PDB), and/or pethidine cry more after birth and are less likely to find the nipple and start sucking (Ransjo-Arvidson et al., 2001). Similar findings are described by several authors, who showed that sucking behaviors were reduced in infants whose mother had been exposed to EDA (Bell et al., 2010; Brimdyr et al., 2015; French et al., 2016). In addition, studies have shown that the first breastfeeding was delayed when the mother had had an EDA during birth (Wiklund et al., 2009; Romano, 2011).

Infusions of synthetic oxytocin are widely used as a medical intervention in maternity wards to induce or augment labor, and oxytocin is also recommended to prevent or treat postpartum bleeding [World Health Organization (WHO), 2018].

In a study by Brimdyr et al. (2019) on the effect of various medical interventions during birth (fentanyl, EDA, and infusion of oxytocin) on infant behavior during the first hour postpartum, it was found that fentanyl administered with an infusion of oxytocin was associated with altered newborn behavior including the first sucking after birth. However, in that latter study, no data on amounts of oxytocin given were presented, and in the statistical analyses, no corrections for use of concomitant EDA were made. In fact, a closer look at the data shows that the infants of mothers who had received infusions of oxytocin were more interactive than infants of control mothers; those infants crawled and familiarized for a longer period of time (Brimdyr et al., 2019). Another study suggested that intrapartum oxytocin infusion, administered to the mother during birth disturbs infant sucking behavior and breastfeeding duration, but the role of EDA was not discussed (Olza Fernández et al., 2012).

Hence, in previous studies, possible effects of EDA and oxytocin infusion have not been studied separately, and there are no studies showing that oxytocin given alone has a negative impact on infant behavior.

Additionally, medical interventions in connection with birth such as cesarean section and EDA together with oxytocin infusion negatively impact oxytocin levels 2 days after birth during breastfeeding (Nissen et al., 1996; Jonas et al., 2009).

In light of the findings above, our aims in the present study were threefold:

1) To explore whether intravenous (iv) infusion or intramuscular (im) injection of exogenous oxytocin or EDA with or without oxytocin administered to the mother during childbirth affected pre-feeding behaviors of the newborn 2 days after birth.

2) To explore if medical interventions in connection with birth and pre-feeding and sucking behaviors of the infant influence maternal oxytocin release in connection with a breastfeeding 2 days after birth.

3) To investigate whether infant weight loss and number of breastfeeding since birth influence the variables described above.



MATERIALS AND METHODS


Participants and Setting

This study is part of a larger study conducted at a postnatal ward in Stockholm, Sweden (Jonas, 2009). Swedish-speaking, healthy, and non-smoking primiparous mothers with a body mass index below 30 were informed about the study. The infants were healthy and born at term and had an Apgar score of at least 8 at 1 min after birth. All newborns had been placed in skin-to-skin contact with their mother immediately after birth and had started breastfeeding within the first 2 h following birth. All mother–infant dyads had practiced rooming in and were not separated from their infants, and infants were exclusively breastfed during the stay at the maternity ward (Jonas, 2009). At this clinic, staff is instructed to interfere as little as possible in the care of the mother–infant dyad.


Study Sample

In the larger study, 72 mothers were included. However, in the present study, 41 mother–infant dyads participated (21 boys and 20 girls). The reasons for not being included were as follows: 16 mothers did not want to be video filmed, one infant had a fracture of the clavicle, and 14 films were of a quality that did not allow detailed assessment of behaviors of the newborn.



Medical Interventions: Group Allocation

All women had a spontaneous, vaginal birth and had skin-to-skin contact with their infants immediately after birth. All newborns had breastfed after birth. The mothers had been consecutively recruited to the study and were grouped based on which medical interventions they had received during labor. Thirteen mothers had received no medical intervention during labor, the control group (CTRL). Five mothers had received intravenous oxytocin infusion alone, the oxytocin group (OT iv). Eight women has received oxytocin as an intramuscular injection after birth, the OT im group (OT im). In total, 15 mothers had received EDA: five of those had received EDA alone (the EDA without OT iv group) and 10 mothers had received EDA with oxytocin infusion (the EDA with OT iv group).



Medical Interventions: Indications and Dose

If inertia was diagnosed during labor, oxytocin was administered intravenously (n = 15). The oxytocin infusion ampullae, containing 10 IU (16.6 μg) of oxytocin/ml (Syntocinon®, Novartis AB, Täby, Sweden) were diluted in 500 ml of Ringer’s acetate solution (Fresenius Kabi, Uppsala, Sweden), giving rise to a concentration of (20 mIU/ml or 33.3 ng/ml).

The median (Q25–Q75) amount of oxytocin given to mothers during birth was 1.86 (1.145–5.046) μg in the OT iv group and 4.16 (1.487–6.308) μg in the EDA with OT iv group.

According to local guidelines, all women received 10 IE oxytocin (Syntocinon) im after birth to prevent postpartum bleeding. During the study period, midwives were instructed not to administer oxytocin to the women fulfilling the inclusion criteria. However, some midwives did not comply with this instruction, and therefore, some mothers received 10 IE oxytocin im postpartum. These mothers constitute the OT im group.

When mothers were in need of pain relief, EDA was given. EDA consists of the local anesthetic bupivacaine (Marcain®, AstraZeneca, Södertälje, Sweden) in combination with the pain-relieving opiate sufentanil (Sufenta®, Janssen-Cilag, Sollentuna, Sweden). The median (Q25–Q75) duration (hours:minutes) of infusion of EDA was 2:59 (1:40–4:33) in the EDA without OT iv group and 4:23 (2:32–6:27) in the EDA with OT group. The median dose of bupivacaine was 17.5 (15.0–25.0) mg in the EDA without OT iv group and 17.5 (17.5–40.6) mg in the EDA with OT iv group, and the corresponding dose of sufentanil was 10.0 (10.0–15.0) and 10.0 (10.0–25.0) μg.



Video Recordings

Data were collected when the infants were between 24 and 48 h of age. Video recordings took place between 7 and 11 am. The mothers were instructed to call for the research midwives when they experienced by themselves that their baby wanted to breastfeed. No further detailed instructions were given. Video recordings of a breastfeed were conducted in the mothers’ rooms at the maternity ward. While video recording, conversation with the staff was kept to a minimum to allow undisturbed mother–infant interaction. During the video recording, the infants’ trunk and legs were covered with a light blanket. The video camera was directed to the upper part of the infant body and face and to the maternal chest and face during the recording. Data on the number of breastfeeding after birth were obtained through mothers’ self-reports, and clinical background data were collected from the birth records.



Coding Procedure

Video films were downloaded into the INTERACT software, version 9 (Mangold International, Germany 2011)1. One researcher (YT), blind to the mothers’ clinical and sociodemographic information, performed all assessments of infant breastfeeding sessions.



Measures


Assessment of Pre-feeding Behaviors

Before sucking, newborns exhibited a number of pre-feeding behaviors (i.e., rooting, hand-to-mouth movements, hand-to-breast-to-mouth movements, licking of the nipple, and pressing on mother’s breast). The duration of the first sucking period (i.e., the first intense period between start of sucking and first latch-off) was assessed. These behaviors are described in Table 1.


TABLE 1. Pre-feeding behaviors and their definitions.
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Infant Breastfeeding Assessment Tool (IBFAT)

The Infant Breastfeeding Assessment Tool (IBFAT), a validated and well-established study protocol to assess infant feeding competence (Matthews, 1988), was used for assessing the quality of pre-feeding and breastfeeding behaviors. The IBFAT consists of four items and assesses readiness to feed or arousability, rooting, latching on, and sucking. The score for each single item ranged from 0 to 3, allowing a maximum of 12. Breastfeeding was considered effective when the total IBFAT score was 10–12, moderately effective when the score was 7–9, and less effective when the score was 0–6. The description of the subscales of the IBFAT protocol and the scoring are presented in Table 2.


TABLE 2. Infant breastfeeding assessment tool (IBFAT)*.

[image: Table 2]Inter-observer reliability was tested for the two instruments by two independent observers (YT and ABRA) who assessed 10% of the video films. Interrater reliability was high across the assessments (82–96% for the pre-feeding variables and 100% for the IBFAT items).



Measurement of Oxytocin Levels

Blood samples were collected from an intravenous cannula inserted into the cubital vein in connection with the breastfeeding experiment performed 24–48 h after birth. The first blood sample was drawn immediately after the newborn started to suck the breast and was considered as the basal sample (sample 0). Then 15 samples were taken with 30-s intervals during the first 7.5 min, and thereafter, four samples were collected at 10, 20, 30, and 60 min after the start of sucking (20 samples in total). The samples were analyzed for oxytocin using the Correlate-EIATM Oxytocin Enzyme Immunoassay Kit according to the manufacturer’s instructions (sensitivity, 4.68 pg/ml; precision, 10.2%) (Assay Designs, Inc. Ann Arbor, MI, United States). Plasma samples were diluted five times in the assay buffer before analysis of oxytocin. Standards and controls were included on each plate as recommended by the manufacturers. The washing procedure was performed using an Anthos Fluido microplate washer (Anthos Labtec Instruments GmbH, Salzburg, Austria), and the absorbance was read using a Multiskan EX microplate photometer (Thermo Electron Corp., Vantaa, Finland). The color development of the samples was read at 405 nm. Background correction was measured at 580 nm. Ascent software (version 6 for iEMS Reader MF and Multiskan, Thermo Electron Corp) was used for creation of standard curves, curve fitting, and calculation of concentrations.

In the present study, we used ELISA as a method of analysis, without previous extraction of the samples. Much higher basal levels are detected using ELISA without previous extraction of the samples compared with using RIA. Although there is a difference in the size of basal oxytocin levels, the pattern of oxytocin release did not differ from the ones observed in studies in which RIA was used (Nissen et al., 1995). Using both methods, about four to five oxytocin peaks occurred during the first 7.5 min of sucking. This methodological problem has been discussed in detail in previous articles (Jonas et al., 2009).



Data Analysis

Descriptive statistics were used to summarize the maternal and infant background characteristics and breastfeeding variables including pre-feeding behaviors and IBFAT subscale and total scores. The infant behavior was observed during 10-s periods for the last 60 s before sucking. The sum of the observations for each period was used for further calculation.

Data in general were described by medians and interquartile distances (Q25–Q75) or as frequencies and percentages (%). Mean oxytocin levels (20 samples) were presented as means (m) and standard errors (±SE). Oxytocin variance was assessed as the square of the standard deviation and was calculated for each mother (16 samples). The oxytocin variance is presented as means (±SE) and was used for further analysis of the oxytocin pattern.

Statistical testing was performed with SAS (Statistical Analysis System Inc., Cary, NC, United States, version 9.4). The distribution of data was assessed before analysis. Duration of rooting had a Poisson distribution. Mean oxytocin levels (0–60 min) had a skewed distribution and was therefore log-transformed. Oxytocin variance had a normal distribution.

We performed logistic regression analyses using a generalized linear model (Proc genmod) for all variables except IBFAT rooting, where an ordinal logistic regression (Proc logistic) was used. Parameters that were tested are presented in the section “Results.” A probability value of p ≤ 0.05 was considered significant.



Ethical Considerations

The Ethics Committee at Karolinska Institutet, Stockholm, Sweden, had approved the study. All women provided written, informed consent.



RESULTS


Clinical Characteristics

Maternal and infant background characteristics and observational data such as the number of breastfeeding and infant weight loss since birth and infant age at the observed breastfeeding day 2 are given in Table 3. There were no statistical differences in background characteristics between the groups (data not shown).


TABLE 3. Clinical characteristics of all mothers and their infants and as a function of the medical interventions the mothers had received during childbirth (medians, interquartile ranges Q25–Q75).
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Observational Data


Duration of Pre-feeding Behaviors and of the First Sucking Period

The total duration of pre-feeding behaviors and the first sucking period was recorded. In addition, the duration of individual subcomponents of the pre-feeding behaviors (rooting, hand-to-mouth movement, hand-to-breast-to-mouth movement, licking of the nipple, and pressing on mother’s breast), during the last 60 s before the start of sucking, was recorded. Values are presented for all four intervention groups and the control group (OT iv, OT im, EDA without OT, EDA with OT, and CTRL) in Table 4.


TABLE 4. Duration (seconds) of pre-feeding behaviors during the last minute before the onset of breastfeeding and the duration of all pre-feeding behaviors (minutes) and of the first sucking period (minutes) (median, interquartile ranges Q25-Q75), (n = 41) in all infants and as a function of the medical interventions their mothers had received during childbirth.
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IBFAT Scores

The quality of infant pre-feeding behaviors and sucking as assessed by the IBFAT (readiness to feed, rooting, latching on, and sucking) is presented as medians and (Q25–Q75) in Table 5. Median total IBFAT scores varied between 8 and 10.5 and were the lowest in the EDA without OT group. The median of the subscale rooting was the lowest in the EDA without OT iv and in the EDA with OT iv groups (Table 5).


TABLE 5. IBFAT subscale scores and total scores of all infants and as a function of the medical interventions the mothers had received during childbirth.
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Factors That Influence the Duration of Infant Rooting and IBFAT Scores

In the present study, we wanted to explore in detail how medical interventions in connection with birth influenced pre-feeding behaviors before the start of breastfeeding 2 days after birth. Rooting behaviors were chosen for further analysis, since they occurred in most mother–infant dyads and as the duration of rooting seemed to vary between the groups receiving different medical interventions. We also explored the role of percentage of infant weight loss and the number of breastfeeding since birth on the duration and quality of rooting.


Factors That Influence the Duration of Rooting

The association between the duration of rooting and the different medical interventions the mothers had received during birth, the number of breastfeeding (≤ 7 and ≥ 8), and the percentage of weight loss in the infants (covariate) from birth until the observed breastfeeding 2 days after birth was investigated using a generalized linear model.

There was a significant effect of medical interventions on the duration of rooting before the start of sucking (p < 0.0001, χ2 = 58.91, DF = 4). Post hoc tests revealed that infants of mothers who were not exposed to any medical intervention (CTRL) showed a significantly longer duration of rooting than the infants in the four intervention groups (OT iv, OT im, and EDA with and without OT iv) (Figure 1). Further, the duration of rooting was also significantly longer in infants whose mothers had received OT iv compared to those whose mothers had received EDA with or without OT iv in connection with birth. In addition, infants of mothers who had received OT im had significantly longer rooting duration compared to those mothers who had received EDA without OT iv. The duration of rooting in infants of mothers who had received EDA without OT iv differed significantly from infants of mothers who had received EDA with OT iv (Figure 1). The shortest duration of rooting was observed in those infants whose mothers had received EDA alone.
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FIGURE 1. Shows the duration of rooting (seconds) during the last 60 s before start of the observed breastfeed 2 days after birth in the different intervention groups (CTRL, OT iv, OT im, EDA without OT iv or EDA with OT iv). Medians and interquartile ranges (Q25-Q75) are shown. Logistic regression analysis using a generalized linear model (PROC GENMOD) with a post hoc test with pair wise comparisons between groups were performed showed differences in rooting duration between the following groups: CTRL vs. OT iv (p < 0.05) and CTRL vs. OT im, EDA without OT iv and EDA with OT iv (p < 0.0001); OT iv vs. EDA without OT iv (p < 0.0001); OT iv vs. EDA with OT iv (p < 0.05), OT im vs. EDA without OT iv (p < 0.01) and EDA without OT iv vs. EDA with OT iv (p < 0.05).


In addition, there was a significant effect of number of breastfeedings on the duration of rooting before the start of sucking (p < 0.0001, χ2 = 67.11); infants who had had seven or less breastfeeding sessions before the observed breastfeeding (n = 23) showed a significantly longer duration of rooting [median (Q25–Q75): 24.04 (6.12–46.76) seconds] compared to infants with eight or more breastfeeding sessions (n = 16) [median (Q25–Q75): 13.02 (0.64, 18.24) seconds]. In other words, the more breastfeeding sessions the infants had experienced before the observed breastfeeding 2 days after birth, the shorter the duration of rooting.

There was also a significant effect of percentage of weight loss since birth (p < 0.0001, χ2 = 25.91) on the duration of rooting before the start of sucking. The maximum likelihood estimate for percentage of weight loss was negative (−0.1377, SE = 0.0270), meaning that the higher the percentage of weight loss in the infants, the shorter the duration of rooting.



Factors That Influence IBFAT Rooting Scores

The association between the quality of rooting (as assessed by the IBFAT) and the different medical interventions the mothers had received during birth, the number of breastfeeding (≤7 and ≥8), and the percentage of weight loss in the infants (covariate) from birth until the observed breastfeeding 2 days after birth was investigated using ordinal logistic regression.

There was no significant association between the scores of IBFAT rooting and the medical interventions the mothers had received (p = 0.106, χ2 = 7.64) or the number of breastfeeding after birth (p = 0.61, χ2 = 0.26).

A post hoc test comparing the control group with the different medical intervention groups was performed. It was found that the EDA with OT iv group was significantly different from the control group (p = 0.02, χ2 = 5.22). Odds ratio (OR) estimates showed that infants born to mothers who had received EDA with OT iv had a lower IBFAT rooting scores than controls (EDA with OT iv, OR = 0.131; CI = 0.023–0.749).



Conclusion on Which Factors Affect Pre-feeding Rooting

In conclusion, these two analyses above show that the medical interventions received by the mother in connection with birth influenced the duration of the infant’s rooting behavior preceding sucking (and the quality of rooting as assessed by the IBFAT score). The EDA without OT iv group showed the shortest duration of rooting. (The EDA with OT iv group had the lowest rooting scores on the quality assessment tool IBFAT). By contrast, administration of oxytocin either iv or im did not influence the infant’s rooting behavior.

In addition, the number of breastfeedings before the observation, performed 2 days after birth, influenced the duration of rooting behavior; i.e., the more breastfeeding after birth, the shorter the duration of rooting. Additionally, the higher the weight loss in the infants since birth, the shorter the duration of rooting.



Factors That Influence Oxytocin Levels During Breastfeeding

Infants’ rooting behavior is an essential component of infants’ pre-feeding behaviors and thereby associated with initiation of breastfeeding, which is known to trigger maternal oxytocin release. It was therefore of interest to investigate if the duration or quality of infant’s pre-feeding behaviors is linked to maternal oxytocin levels in connection with breastfeeding. It was also of interest to investigate a possible relationship between the use of medical interventions during birth, such as administration of exogenous oxytocin or of EDA, as well as the number of breastfeedings and the weight loss of the infant since birth.

We used two types of oxytocin measures that express different characteristics of the oxytocin profile. Oxytocin mean levels (0–60 min) to a large extent reflect the maternal individual characteristics, whereas oxytocin variance (0–7.5 min) to a large extent reflects infant sucking activity and capability.

Therefore, in the following analyses, we explored whether medical interventions administered to the mother during birth, duration (covariate) or quality of infant rooting, duration of sucking (covariate), the number of breastfeedings (≤ 7 and ≥ 8), and percentage of weight loss (covariate) were associated with maternal mean oxytocin levels or oxytocin variance during the observed breastfeeding 2 days after birth. We used a generalized linear model.


Maternal Mean Oxytocin Levels (0–60 min) During Breastfeeding

The statistical analysis showed that maternal mean levels of oxytocin in connection with a breastfeeding 2 days after birth were significantly associated with the medical interventions the mothers had received during birth (p = 0.02) (Table 6). The mean oxytocin levels in mothers who had received EDA with OT iv during birth were lower than in mothers who had received any of the following medical interventions during birth—OT iv (p < 0.05), OT im (p < 0.05), and EDA without OT iv (p < 0.001)—or in control mothers, CTRL (p < 0.05). Mean oxytocin levels (0–60 min) in the different groups in connection with a breastfeeding 2 days after birth are shown in Figure 2A.


TABLE 6. The relationship between (A) maternal mean oxytocin levels 0–60 min (log transformed) and (B) oxytocin variance 0–7.5 min of the observed breastfeed 2 days after birth and the following predictors; medical interventions during labor, number of breastfeeds since birth (<7 or >8), IBFAT Rooting score, % of weight loss in infants since birth (covariate) and duration of the first sucking period (covariate).
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FIGURE 2. (A) Shows maternal mean (±SE) plasma levels of oxytocin (pg/mL) from 0 to 60 min during the observed breastfeed in mothers 2 days after birth in the different intervention groups: CTRL, OT iv, OT im, EDA without OT iv or EDA with OT iv. Logistic regression analysis using a generalized linear model (PROC GENMOD) with a post hoc test where pair wise comparisons between groups were performed: CTRL vs. EDA with OT iv (p < 0.05), OT iv vs. EDA with OT iv (p < 0.05), OT im vs. EDA with OT iv (p < 0.05) and EDA without OT iv vs. EDA with OT iv (P < 0.01). (B) The figure shows maternal mean variance (±SE) of oxytocin (pg/mL) from 0 to 7.5 min during the observed breastfeed in mothers 2 days after birth in the different intervention groups: Logistic regression analysis using a generalized linear model (PROC GENMOD) did not find any significant effect of the medical interventions and therefore these data are only shown descriptively.


Oxytocin levels in connection with the observed breastfeeding 2 days after birth were significantly associated with the duration of sucking (p = 0.03) (Table 6). This association was positive (maximum likelihood estimate = 0.011, SE = 0.0051), indicating that the longer the duration of sucking, the higher the mean oxytocin levels.

There were no significant associations between mean oxytocin levels and the number of breastfeeding since birth, IBFAT rooting score, and percentage of infant weight loss (Table 6).



Variance of Maternal Oxytocin Levels (0–7.5 min) During Breastfeeding

There was a significant association between variance of maternal oxytocin levels and percentage of weight loss in the infants since birth (p = 0.02). The association was negative (maximum likelihood estimate = −68.26, SE = 30.18), indicating the higher the percentage of weight loss in the infants, the lower the variance of maternal oxytocin levels (0–7.5 min).

There was no significant association between the mean variance of maternal oxytocin levels and exposure to medical interventions during birth, number of breastfeeding since birth, IBFAT rooting score, and duration of sucking period (Table 6). Figure 2B shows means ± SE of variance of maternal oxytocin for the different medical interventions.



Factors That Influence Oxytocin Levels and Variance in the Control Group

Medical interventions administered to the mother in connection with birth influenced maternal oxytocin mean levels during a breastfeeding 2 days later. We therefore wanted to explore the control group by itself, since this group is devoid of such influences. The same analysis as used for the entire group and as described in sections “Maternal Mean Oxytocin Levels (0–60 min) During Breastfeeding” and “Variance of Maternal Oxytocin Levels (0–7.5 min) During Breastfeeding” above was performed in the control group alone.


Maternal Mean Oxytocin Levels (0–60 min) During Breastfeeding

The number of breastfeeding since birth in control mothers was significantly associated with mean oxytocin levels (p = 0.0001) (Table 7). Mean oxytocin levels were significantly higher in mothers when the infants had seven or less breastfeedings since birth (means ± SE: 179.9 ± 28.04 pg/ml) than when they had eight or more breastfeedings (means ± SE: 128.9 ± 58.71 pg/ml). Thus, a low number of breastfeedings was associated with higher mean oxytocin levels.


TABLE 7. The relationship between (A) maternal mean oxytocin levels 0–60 min (log transformed) and (B) oxytocin variance 0–7.5 min of the observed breastfeed 2 days after birth in the control group (n = 12) alone and the following predictors; number of breastfeeds since birth (<7 or >8), IBFAT Rooting score, % of weight loss in infants since birth (covariate), and duration of the first sucking period (covariate).

[image: Table 7]There was also a significant association between percentage of infant weight loss since birth and mean oxytocin (p = 0.0001) (Table 7). The association was negative (maximum likelihood estimate = −0.50, SE = 0.106), meaning that the higher the percentage of infant weight loss, the lower the oxytocin levels.

There were no significant associations between mean oxytocin levels and IBFAT rooting score and duration of sucking (Table 7).



Variance of Maternal Oxytocin Levels (0–7.5 min) During Breastfeeding

The variance of oxytocin in control mothers was significantly associated with the percentage of weight loss since birth in the infants (p = 0.012) (Table 7). The association was negative (maximum likelihood estimate = -101.17, SE = 40.15), meaning that the higher the percentage of weight loss, the lower the variance of oxytocin.

There was no significant association between variance of oxytocin levels and number of breastfeeding, IBFAT rooting score, and duration of sucking (Table 7).



DISCUSSION


Summary

In the present study, the duration of some pre-feeding behaviors during the last minute before the start of sucking and IBFAT scores, a qualitative measure of infant breastfeeding performance, were assessed in connection with a breastfeeding 2 days after birth.

Regression analyses revealed that duration and quality of rooting were negatively influenced by both EDA alone and by EDA together with infusion of oxytocin administered to the mothers in connection with labor and birth. By contrast, no effect on rooting was observed by administration of oxytocin iv or im. In addition, the more often the infants had breastfed and the greater their weight loss since birth, the shorter the duration of infant rooting.

We also assessed maternal oxytocin levels (mean and variance were calculated) in connection with the same breastfeeding.

Regression analysis showed that there was a significant influence by medical interventions during birth on mean oxytocin levels in connection with breastfeeding. Mothers who had received EDA with oxytocin infusion had the lowest mean oxytocin levels. The duration of sucking was positively associated with mean oxytocin levels. Medical interventions did not influence oxytocin variance, but the variance was lower the higher the weight loss of the infants.

When similar analyses regarding oxytocin levels were performed in the control mothers alone, i.e., in those mothers who had not received any medical intervention during birth, some new associations were found; low mean oxytocin levels were associated with a low number of breastfeedings since birth and were also associated with greater infant weight loss since birth. Oxytocin variance was lower the greater the infant weight loss since birth.



Pre-feeding Behaviors of the Newborn


Effect of Medical Interventions in Connection With Birth

Infants of mothers who had received EDA without oxytocin administration displayed significantly less rooting behavior during the 60 s preceding the breastfeeding session than those who had not received EDA or EDA with oxytocin. In addition, the quality of rooting was significantly lower in the group of infants whose mothers had received EDA with oxytocin.

We observed a shortened period of rooting on day 2 after birth, indicating that rooting had been depressed since birth. The fact that the rooting period was shorter may be one of the reasons for the lower weight gain observed in infants whose mothers had received EDA in connection with birth.

The finding of an impaired infant rooting behavior in the present study is in accordance with data from a previous study, in which infants to mothers who had received mepivacaine or bupivacaine, e.g., in connection with administration of EDA, displayed a deranged interactive behavior with their mother after birth (Ransjo-Arvidson et al., 2001). This effect could be explained by the fact that local anesthetics easily pass the placental barrier and may thus have direct effects on the newborn’s behavior. It is however more difficult to understand how these compounds would affect the newborn’s behavior 2 days later, since it is not likely that mepivacaine or bupivacaine are still present in the circulation of the newborn. It is, however, possible that drugs, like the ones used in the present study, will exert long-term effects in connection with birth by imprinting or induction of epigenetic mechanisms. Indeed, long-term effects have been shown to occur in response to interventions such as skin-to-skin contact during the period surrounding birth (Bystrova et al., 2009; Moore et al., 2016; Bigelow and Power, 2020; Uvnas-Moberg et al., 2020).

Alternatively, the effects observed on the rooting behavior of the newborn are indirect and operate through a changed physiology or through the behavior of the mother. This assumption is supported by the fact that skin temperature did not increase in the infants of the present study in connection with breastfeeding (Jonas et al., 2007), which usually is the case (Bystrova et al., 2003, 2007). It is therefore possible that mothers who had received EDA did not emit as strong physiological signals as warmth or pheromone cues to the baby as those mothers who had not received EDA.

It has been suggested that oxytocin administered to the mothers in connection with birth would influence the newborn’s behavior in a negative way and that administration of oxytocin would negatively impact the development of the infants’ sucking behavior (Olza Fernández et al., 2012; Brimdyr et al., 2019). These studies however do not convincingly show that oxytocin negatively influences the behavior of the newborn. When the study by Brimdyr et al. (2019) is analyzed in detail, the newborns to mothers who had been exposed to oxytocin were in fact more interactive and had a longer crawling and familiarization phase than controls (Brimdyr et al., 2019). Another study suggested that infant motor development was disturbed in response to oxytocin infusion during labor. However, the impact of concomitant administration of EDA was not analyzed, and it is therefore likely that it was the EDA component that contributed to this negative effect (Olza Fernández et al., 2012). In the present study, we did not find any support for negative effects of oxytocin given as intravenous infusion on infant behavior.



Link Between Rooting Behavior and Infant Weight Loss Since Birth

We also found a negative correlation between duration of rooting and weight loss of the infant since birth, i.e., the more weight the infant had lost, the less rooting they performed. These results are in contrast to previous findings based on this study (Takahashi et al., 2015). The study by Takahashi et al. (2015) included only mothers who had not received any medical interventions in connection with birth, and rooting duration was longer the younger the infants were and the more weight they had lost 2 days after birth. We interpreted this finding as an expression of a physiological adaptation to increase food intake and thereby weight gain, which would be of critical importance not only in young infants but also in those who have been exposed to a substantial loss of weight. As mentioned above, the findings of the present study show an inverse relationship between rooting and weight loss after birth. The finding in this study suggests that the physiological adaptation, allowing compensation for high weight loss, was lost or disturbed when studied in the whole group of mothers. It is likely that the pronounced decrease of the duration of rooting caused by EDA plays a central role in the inversion of the relationship between duration of rooting and size of infant weight loss since birth which was found in the whole group.



Maternal Oxytocin Levels


Oxytocin Mean Levels Versus Oxytocin Variance

Both mean oxytocin levels and oxytocin variance were used when analyzing the data of the present study, since it can be assumed that these two measures depict partly different aspects of the oxytocin release pattern in connection with sucking. Oxytocin levels rise almost immediately in response to sucking/breastfeeding and exhibit a peak-shaped response during 20 min, and then oxytocin levels return to basal levels (Nissen et al., 1996; Jonas et al., 2009). Mean oxytocin levels represent an average of oxytocin levels from 0 to 60 min. Oxytocin variance on the other hand is based on the values obtained during the first 7.5 min. As the peaks of oxytocin occur immediately in response to sucking, we assumed that oxytocin variance may to a larger extent reflect infant sucking activity than oxytocin mean levels, which is based on the entire 60-min-long breastfeeding period. Oxytocin mean values might to a greater extent reflect characteristics of maternal endogenous oxytocin levels.



Influence of Medical Interventions in Connection With Birth

Maternal mean oxytocin levels were significantly lower in mothers who had received both EDA and oxytocin iv, when compared to the effect observed in response to either of the treatments alone. In addition, it was found that oxytocin levels in the control group and in the group who had received oxytocin im were significantly higher than in the group of mothers who had received epidural and oxytocin.

These data support but extend results from a previous analysis of the same data set, in which a significant difference regarding maternal mean oxytocin levels was demonstrated between the group of mothers who had received EDA and those who had received EDA and oxytocin iv (Jonas et al., 2009).

The finding of lower oxytocin levels in response to breastfeeding in mothers who had received EDA with oxytocin may seem difficult to explain. However, there is reason to believe that the combination of oxytocin and EDA interferes with feedback mechanisms, such as the Fergusson reflex and the sympathetic fibers mediating pain, in connection with birth, thereby establishing the lower oxytocin levels. As this group of mothers also has signs of higher stress levels, e.g., higher levels of ACTH and cortisol, the lower oxytocin levels may be an expression of higher stress levels in these women (Handlin et al., 2009).



Link Between Mean Oxytocin Levels and Sucking

The positive association between mean oxytocin levels and the duration of sucking indicates that more oxytocin is released in response to a longer breastfeeding. The association between lower numbers of previous breastfeeding and higher mean oxytocin levels, which was observed in particular in the control group, may at first sight seem contradictory, because the amount of oxytocin released in response to sucking is known to increase over time (Uvnäs-Moberg et al., 1990). However, basal oxytocin levels are higher the first days after birth because of the high estrogen levels during pregnancy and birth (Uvnäs-Moberg et al., 1990). These elevated levels subside over the first few days. This estrogen-linked elevation of oxytocin levels may explain the relationship between fewer breastfeeding and higher oxytocin levels the first days after birth.



Link Between Oxytocin Variance and Infant Weight Loss Since Birth

Interestingly, loss of infant weight was negatively associated with oxytocin variance, possibly indicating that these children sucked less well and therefore caused less milk ejection and received less milk and, as a consequence, would lose more weight after birth. This relationship between the variance of the maternal oxytocin levels and infant weight loss indicates an effect of the intensity of infant sucking which has not been observed before. This finding receives support from studies performed in pigs, in which the number of sucking piglets was associated with the size of the peak of oxytocin released in response to sucking (Algers et al., 1991). Also, women exposed to breast pumping of both breasts release more oxytocin than those mothers who only use breast pumps on one breast (Uvnas Moberg et al., 2020).



Medical Interventions Influence Both Infant Rooting and Maternal Oxytocin Levels

In the present study, interventions during birth influenced both the infant and the mother in connection with breastfeeding 2 days after birth. The rooting behavior of the infant (duration and quality) was negatively influenced by administration of EDA, with or without concomitant administration of intravenous oxytocin. In addition, maternal oxytocin levels were lower in mothers who had received EDA together with oxytocin during birth.

Oxytocin alone given as an intravenous infusion during labor or as an intramuscular injection postpartum to the mother did not exert a negative influence on duration of rooting or quality of rooting in the infant or on maternal oxytocin levels or variance. In fact, a slight positive effect was observed on duration of rooting in the infants and on maternal oxytocin levels in mothers who had received intravenous infusion of oxytocin during birth.



Both Rooting and Sucking Influence Infant Weight Loss

A short duration of rooting and a low variance of oxytocin, presumably a consequence of low infant sucking activity, are linked to a greater infant weight loss 2 days after birth. These data suggest that reduced infant pre-feeding and sucking behaviors result in a lower milk production due to an insufficient stimulation of oxytocin and prolactin release (Jonas et al., 2009).

Taken together, EDA with or without oxytocin infusion in connection with birth may decrease the release of maternal oxytocin and thereby disturb the milk ejection reflex. In addition, infants’ feeding-associated rooting reflex was decreased 2 days after birth if the mother had received EDA in connection with birth. Therefore, EDA and the combination of EDA together with infusion of oxytocin may influence breastfeeding success and consequently infant’s weight gain.



Limitations and Strengths

In the Swedish setting, it would have been unethical to randomize women to medical interventions, e.g., administration of EDA, and/or to oxytocin infusion. In the present study, mothers were consecutively recruited, capturing the clinical flow of appearance/administration of the medical interventions. Our sample size is small, but the rigorous selection of participants and the meticulous data collection make this study unique and make a significant contribution to this field of research. Our strict inclusion criteria enabled us to include a homogenous group of healthy primiparous mothers who had not experienced any complications during or after birth and who gave birth in a labor ward admitting only women expecting a normal physiological birth. Furthermore, the research group has a long experience of conducting similar studies, and the experimental design is well validated (Nissen et al., 1996). The same two research midwives performed all the data collection. Also, the state of the infants was well standardized, and all infants were fully breastfed on demand. All breastfeeding experiments were performed at approximately the same time of the day, in connection with the first breastfeeding (06:30–08:00). In addition, the frequent blood sampling, 20 samples collected during the 1-h-long experiment, allowed an accurate estimate of oxytocin levels and patterns. In other studies, most often, only a few samples are retrieved from each participant, making the hormonal data less informative. Experts from several fields composed the multidisciplinary research team, which allows a deeper understanding and evaluation of data. Researchers, who were blinded to the interventions the mothers had received during birth, performed all behavioral assessments with an excellent interrater reliability.



Conclusion

The present data demonstrate that EDA during birth exerts a negative effect on infant rooting and maternal oxytocin release in connection with breastfeeding. The data show a clear effect of infants’ sucking behavior on maternal oxytocin levels, which has not been demonstrated before. The effect caused by medical interventions, EDA with or without oxytocin infusion, may influence breastfeeding success and infant weight gain. These data suggest that it is of clinical importance to consider the effects of various medical interventions in regard to breastfeeding success.
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Introduction: Although the pathophysiology of post-traumatic stress disorder (PTSD) is still unclear, growing preclinical evidences suggest that oxytocin (OT), a pleiotropic hormone, is possibly involved. However, direct studies on OT levels or clinical trials with this exogenous hormone in patients with PTSD led to inconsistent findings. Therefore, the aim of the present study was at exploring and comparing the plasma OT levels in a group of patients with PTSD and matched healthy subjects as the control group.

Materials and Methods: Twenty-six outpatients (13 men, 13 women, mean age: 40.3 ± 11.5 years) suffering from PTSD, according to the Diagnostic and Statistical Manual for Mental Disorders, fifth edition (DSM-5), and 26 healthy subjects (13 men, 13 women, mean age: 43.8 ± 12.7 years) were included. The patients were assessed through the structured clinical interview for DSM-5 research version, patient edition (SCID-I/P), and the Impact for Event Scale revised (IES-R). All fasting subjects underwent three venous blood samples for the subsequent oxytocin radioimmunoassay. We used unpaired Student’s t-test to assess OT levels and the intergroup difference of demographic characteristics, while anxiety, avoidance, and hyperarousal scores were compared among groups adjusting for the effect of gender and age by means of analysis of covariance (ANCOVA). The correlations between different variables were investigated by Pearson’s method.

Results: The most common traumatic events of patients with PTSD were the following: severe car accident, physical violence, sexual violence, sudden death of a loved one, and natural disaster. The IES total score was 55 ± 15. Student’s t-test revealed that the patients showed significantly lower OT levels (mean ± SD, pg/ml) than healthy control subjects (4.37 ± 1.61 vs 5.64 ± 2.17, p < 0.001). We detected no correlation between the IES total score, subscales, or single items and OT plasma levels. Again, no difference between men and women was detected in the patients’ group, while healthy control women showed higher OT levels than men.

Discussion: Our study, while reporting the presence of decreased plasma OT levels in outpatients with PTSD of both sexes, as compared with healthy control subjects, would support the possible involvement of OT in the pathophysiology of PTSD. However, given the complexity of the clinical picture, future investigations are necessary to better deepen the role and level of OT in PTSD.

Keywords: PTSD, pathophysiology, stress system, oxytocin, biomarkers, therapeutic targets


INTRODUCTION

Post-traumatic stress disorder (PTSD) was initially classified within the category of anxiety disorders. However, in the fifth (and latest) edition of the Diagnostic and Statistical Manual for mental disorders (DSM-5) published in 2013 (American Psychiatric Association, 2013), PTSD was given a different diagnostic dignity and included within a brand new nosological category named “trauma- and stress-related disorders.” PTSD is diagnosed if patients experienced or witnessed events that include death or threatened death, actual or threatened physical injury, or actual or threatened sexual violation. They would also need symptoms in four separate categories including recurrence of intrusive and distressing memories or dreams that are related to the traumatic events, dissociative reactions (such as flashbacks), avoidance of thoughts and/or situations associated with the trauma, numbing of emotional responsiveness, negative alteration of cognition, and increased arousal (such as increased tendency to irritability and/or disruption of sleep pattern) (American Psychiatric Association, 2013).

Given the complexity of the clinical picture, the pathophysiology of PTSD is still unclear and mainly focused on the stress response.

Oxytocin (OT) is a pleiotropic hormone synthesized within the paraventricular and supraoptic nuclei of the hypothalamus, and is released into systemic circulation via the posterior pituitary and into the brain via widely distributed pathways (Pittman et al., 1981; Knobloch, 2014). Besides the “classical” functions attributed to OT, namely, uterine contractions during labor and milk ejection during nursing (Argiolas and Gessa, 1991; Fuchs et al., 1991), this hormone would promote social contacts between conspecifics, different types of attachment, and pair-bonding (Carter, 1992; Pedersen et al., 1992; Kendrick, 2000; Lim and Young, 2006; Marazziti et al., 2006; Macdonald and Macdonald, 2010; Anacker and Beery, 2013; Jones et al., 2017). In addition, it acts as a potent modulator of the immune system and shows anti-inflammatory properties (Clodi et al., 2008; Oliveira-Pelegrin et al., 2013; Li et al., 2017; Garrido-Urbani et al., 2018; Buemann et al., 2020). Oxytocin is released during stress response and seems to be an important modulator of anxiety and fear processes, mainly with anxiolytic effect (Jezová et al., 1996; McCarthy et al., 1996; Kirsch et al., 2005; Uvnås-Moberg and Petersson, 2005; Marazziti et al., 2006; Carter, 2017). Evidence shows that OT may decrease the response of the hypothalamic–pituitary–adrenal (HPA) axis in rodents and primates (Windle et al., 2004; Parker et al., 2005). Other physiological OT activities, including the attenuation of memory consolidation and retrieval, facilitation of the extinctions of an activated avoidance response, and attenuation of passive avoidance behavior (Bohus et al., 1978a,b; Amico, 1985), would support its potential role in PTSD neurobiology.

The first evidence of a possible involvement of the OT in some aspects of PTSD pathophysiology derived from animal experiments (Buijs, 1978). Converging studies showed that the exogenous OT administration modulated anxiety and fear responses in threatening situations (Landgraf and Neumann, 2004) and mitigated the activation of the HPA axis and the sympathetic system by reducing heart rate, blood pressure, and cortisol levels (Björkstrand et al., 1996; Petersson et al., 1996, 1999; Windle et al., 1997, 2004; Uvnäs-Moberg, 1998; Petersson and Uvnäs-Moberg, 2003; Parker et al., 2005). Studies on rats also suggested that the main target of OT anxiolytic effect would be the central amygdala, and that OT, together with dopamine, could act in reducing fear and anxiety arising from social and environmental stressors in order to promote appropriate behavioral responses (Bale et al., 2001; Neumann, 2001, 2002).

Different studies in humans showed a significant relationship between reduced endogenous OT concentrations and traumatic experiences and/or PTSD following early severe and recurrent abuse during childhood. These data suggested that alterations in stress response, including OT modulation, could explain the increased risk for impaired brain development following severe traumatic experience in children, for PTSD (Mirescu et al., 2004; Heim et al., 2009; Chatzittofis et al., 2014; Mohiyeddini et al., 2014) and, in general, for psychopathological disorders (Teicher et al., 2002; Ozbay et al., 2008; Gonzalez et al., 2009; Nicolson et al., 2010; Goldman-Mellor et al., 2012), perhaps related to increased emotional suppression (Opacka-Juffry and Mohiyeddini, 2012). On the contrary, the OT levels were increased in children exposed to minor traumas who lived in safe environments (Mizuki and Fujiwara, 2015). Increased OT levels also seem to be typical of women exposed to traumatic/stressful situations to perhaps promote pro-social and supporting behaviors (Taylor et al., 2006; Weisman et al., 2013). Interestingly, under acute stressful conditions, previously abused women showed increased OT concentrations (Seltzer et al., 2014). Such differences could be explained considering that estrogens influence OT release and OT receptor (OTRs) expression (Williams et al., 1985; Wigger and Neumann, 1999) and also by the recent report that basically women have higher OT levels than men (Marazziti et al., 2019).

The studies on the direct evaluation of plasma OT levels in patients with PTSD are few. Male policemen who developed PTSD after a severe trauma showed lower levels of salivary OT than colleagues without the disorder (Frijling et al., 2015). This might be due to increased activity of the prolyl-endopeptidase (PEP), a cleavage enzyme involved in the degradation of many behaviorally active oligopeptides such as OT, as shown in those patients with PTSD with a concomitant major depression (Welches et al., 1993; Maes et al., 1999).

The administration of exogenous OT in subjects exposed to trauma experiences or suffering from PTSD led to inconclusive or opposite results (Finkelhor et al., 1990; Heim et al., 2000; Heinrichs et al., 2004; Kirsch et al., 2005; Domes et al., 2007; Gamer et al., 2010; Seng et al., 2014; Koch S.B. et al., 2016; Koch S.B.J. et al., 2016), given the possible interplay of different factors (sex, context, acute or chronic trauma) (Fan et al., 2014; Frijling et al., 2014, 2016a,b; Grimm et al., 2014; Rilling et al., 2014; Eidelman-Rothman et al., 2015; Nawijn et al., 2016, 2017; Sack et al., 2017; van Zuiden et al., 2017).

Finally, genetic association studies showed that some OTR gene polymorphisms might be related to increased risk of developing traumatic experiences and psychiatric disorders, such as PTSD, anxiety, and depression (Cochran et al., 2013; Lucas-Thompson and Holman, 2013; McQuaid et al., 2013; Tollenaar et al., 2017), while other OTR gene polymorphisms might have a protective function (Cicchetti and Rogosch, 2012). The most studied one, the OTR rs53576 GG genotype was associated with insecure attachments, poor response to social support, emotional dysregulation, and less resilience to stress (Bradley et al., 2011; Cicchetti and Rogosch, 2012; Sippel et al., 2017b), all factors resulting in a greater vulnerability to psychiatric disorders related to traumatic experiences (Feldman et al., 2016) and to environmental context (Champagne and Curley, 2009; Olff et al., 2013; Dannlowski et al., 2016).

Since PTSD is characterized by impairments in anxiety/stress regulation, memory, and social skills, and that OT is possibly involved in these functions, OT seems to represent a worthy target to be investigated and/or also to possibly develop future drugs to treat some symptoms of this condition (Olff et al., 2010; Sippel et al., 2017a).

Therefore, since the findings on this topic are still inconclusive and the available data in humans are meager, with this investigation, we explored and compared the plasma levels of OT in a group of patients with PTSD and matched healthy subjects as the control group. The possible sex-related difference in OT was examined as well, given the recent report showing higher plasma OT concentrations in healthy women than in men (Marazziti et al., 2019).



SUBJECTS AND METHODS

Twenty-six outpatients (13 men, 13 women, mean age: 40.3 ± 11.5), recruited at the psychiatric outpatient unit of the Department of Clinical and Experimental Medicine, Section of Psychiatry, University of Pisa from a large cohort, were consecutively enrolled in the study. All patients were at their first psychiatric consultation and were affected by PTSD diagnosed according to the Diagnostic and Statistical Manual for Mental Disorders, fourth edition revised (DSM-5) (American Psychiatric Association, 2013). All subjects were first assessed by a clinical evaluation with the ensuing diagnoses subsequently to be supported by the structured clinical interview for DSM-5, research version, patient edition (SCID-I/P) (First et al., 2015). The severity of PTSD was assessed by the Impact for Event Scale revised (IES-R) (Weiss and Marmar, 1996). No patients were depressed, as shown by their total score at the Hamilton Rating Scale for Depression (HRSD), which was <8 (Hamilton, 1960). All patients were drug-free; only five were occasionally taking benzodiazepines.

Twenty-six matched healthy subjects (13 men, 13 women, mean age: 43.8 ± 12.7), who volunteered for the study, were selected as the control group among clinicians or residents at the Specialty School of Psychiatry, at the University of Pisa. No subject had a family or personal history of any major psychiatric disorder or had ever taken regularly psychotropic drugs, as assessed by a detailed psychiatric interview conducted by one of the senior authors (DM). All subjects were free of physical illness, were neither heavy cigarette smokers, nor belonged to groups of high-risk HIV individuals, nor did take any regular medication or drug of addiction. The women had normal menstrual cycles and did not take contraceptive pills; their blood was drawn in the early follicular phase (between the second and the fifth day of the menses). The men had no history of genital disease or hypogonadism. All these pieces of information derived from the medical history collected by one of the authors (DM). All subjects provided their written informed consent to participate in the study that was approved by the Ethics Committee at Pisa University.


Psychopathological Assessment


Hamilton Rating Scale for Depression

It is a multiple-item questionnaire used to provide an indication of depression and as a guide to evaluate recovery. The patient is rated on 17 to 29 items scored either on a 3- or 5-point Likert-type scale. For the 17-item version, a score of 0–7 is considered to be normal, while a score of 20 or higher (indicating at least moderate severity) is usually required for entry into a clinical trial.



Impact for Event Scale Revised

The IES-R is a self-assessment questionnaire of 22 items investigating subjective reactions to traumatic events (Horowitz et al., 1979). In this revised version, seven items were added with particular reference to the hyperarousal symptom not considered in the previous version. Subjects should recognize a specific stressful life event and rate the perceived level of their personal distress during the past 7 days. Items are rated on a 5-point Likert scale ranging from 0 (“not at all”) to 4 (“extremely”). The clinician calculates the IES-R total (from 0 to 88) and subscale (intrusion, avoidance, and hyperarousal) scores.



Plasma Preparation

Thirty milliliters of venous blood was drawn from fasting subjects who were sitting and relaxing in the same room at a constant temperature in the period January–June, and between 8 and 9 am. The blood for OT assay (10 ml) was transferred in vacutainers containing EDTA (anticoagulant), then to centrifuge tubes containing aprotinin (Sigma, Milan, Italy) (0.6 TIU/ml of blood), and mixed at different times to inhibit the proteinase activity. Blood was then centrifuged at 1,600 × g for 15 min at 4°C, and the ensuing plasma was collected and kept at −70°C until the assay.



Extraction of Peptides From Plasma

On the day of the assay, 6 ml of each sample of plasma was acidified with 6 ml of buffer A (1% trifluoroacetic acid in H2O) and centrifuged at 17,000 × g for 20 min at 4°C; after this centrifugation, the supernatant was collected. C-18 sep-columns were equilibrated by washing them with 1 ml of buffer B (60% acetonitrile in 1% trifluoroacetic acid) followed by buffer A (3 ml, three times). The acidified plasma solution was loaded into the pre-treated C-18 Sep-column; the column was washed slowly with buffer A (3 ml, twice), and the washing liquid was discarded. Oxytocin was then eluted with buffer B (3 ml, once) and collected into a polystyrene tube. The eluate was evaporated in a centrifugal concentrator (Speedvac), and the remaining product was lyophilized by a freeze dryer.



Oxytocin Radioimmunoassay

Radioimmunoassay was performed by a Phoenix Pharmaceuticals Oxytocin RIA kit (Belmont, CA, United States) according to a method developed by us (Marazziti et al., 2006). The cross-reactivity of the OT antibody was 100% with OT and null with Lys-vasopressin, Arg-vasopressin, GH, alpha-ANP, Met-Enkephalin, GRF, somatostatin, TRH, VIP, and Pacap 27-NH2. The sensitivity of the assay, measured as IC50, was 10–30 pg/tube. The intra-assay and inter-assay values were 9 and 11%, respectively. Lyophilized samples and standard OT were rehydrated with an RIA buffer, and dilutions of standard oxytocin were prepared (from 1 to 128 pg/tube). Primary rabbit anti-OT antibodies were added to each sample and each standard, except for the nonspecific binding tubes, and then the mixtures were stored for 24 h at 4°C. 125I-Oxytocin was added to the mixtures, which were subsequently stored for 24 h at 4°C. Goat antirabbit Ig G serum and normal rabbit serum were added to each tube; subsequently, the tubes were centrifuged at 1,700 × g for 20 min at 4°C. All the supernatant was carefully aspirated, and the pellets were counted by a gamma-counter (Wizard, Perkin Elmer, Milan, Italy). All samples were assayed in duplicate. Standard curve and calculations of unknown samples were performed by means of the Graphpad Prism3 software.



Statistical Analyses

The intergroup differences of age and OT levels were assessed by unpaired Student’s t-test. Analysis of covariance (ANCOVA) was used to compare anxiety, avoidance, and hyperarousal scores among groups adjusting for the effect of gender and age. The correlations between different variables were explored using Pearson’s method. Statistical analyses were carried out using SPSS, Version 12.0.1 (SPSS Inc., 2003).



RESULTS

The demographic characteristics of the study sample are shown in Table 1. Fifteen patients (seven men and eight women) were married, six (three men and three women) patients were single, two widowed (one man and one woman), and three divorced (two men and one woman). Fourteen healthy control subjects (7 men and 7 women) were married, 10 (6 men and 4 women) were single, and 2 (1 man and 1 woman) were divorced. Ten patients graduated, 10 had completed the high school, and 6 had completed the primary school. Twenty control subjects graduated and six had completed high school.


TABLE 1. Demographic data of PTSD patients and healthy subjects (HS) (in the total sample and in the two sexes).

[image: Table 1]The traumatic events reported by the sample were severe car accident (seven), physical violence (five), sexual violence (three), sudden death of a loved one (eight), and natural disaster (three).

The IES total score was 55 ± 15.

The OT levels (mean ± SD, pg/ml) were significantly lower in the patients than in the control subjects (4.37 ± 1.61 vs 5.64 ± 2.17, p < 0.001) (Table 2).


TABLE 2. Plasma oxytocin (OT) levels (pg/ml, mean+SD) in patients with PTSD and healthy subjects (HS) (in the total sample and in the two sexes).

[image: Table 2]No correlations were found between the IES total score, subscales, or single items and OT plasma levels.

No difference between men and women was detected in the patients’ group, while healthy control women showed higher OT levels than men (Table 2). There was a trend toward higher IES total and subscale scores in female than in male patients.



DISCUSSION

The present study aimed at providing information about the possible involvement of OT in some processes involved in PTSD through the assessment of its plasma levels in a group of patients suffering from PTSD as compared with matched healthy control subjects.

Although the reliability of plasma OT concentrations as a peripheral marker of those present in the CNS is still disputed (Neumann and Landgraf, 2012; Leng and Ludwig, 2016), nevertheless, parallel modifications in plasma or liquor and central OT have been reported (Carter, 1992; Bale et al., 1995; Smeltzer et al., 2006), supporting the peripheral model as a “window” of the central parameter (Scantamburlo et al., 2007; Agmo et al., 2008; Carson et al., 2015). While keeping in mind this limitation (that is common and applicable to a variety of markers in biological psychiatry), our findings highlighted significantly lower plasma concentrations of OT in patients with PTSD than in healthy control subjects. To our knowledge, this is the first description of decreased OT levels in adult patients with PTSD of both sexes. Our findings are consistent with a previous report of decreased salivary OT levels in a group of Dutch male policemen (Frijling et al., 2015). On the contrary, individual variations in plasma OT and vasopressin levels did not seem to be related to the development of combat-related PTSD in a large military group. However, this might be also probably due to the peculiarities of this sample, which was composed by men only and assessed before and after the deployment to a combat zone (Reijnen et al., 2017). Another study explored the predictive value of serum OT levels on PTSD, depression, and anxiety symptoms after a motor vehicle accident, while reporting negative results (Nishi et al., 2015). In any way, in our sample, we could not detect any difference in OT levels between the two sexes in the patients, probably for the small sample size, while healthy women showed higher OT levels than men, as already reported (Marazziti et al., 2019). For the same problem, we could not assess the possible impact of different traumatic events on OT concentrations.

It is undoubted that sex matters on OT, but available studies seldom explored this problem that still requires to be more thoroughly investigated in relation to psychopathology (Sippel et al., 2017a). Indeed, the majority of psychiatric disorders show a net dimorphism (Breslau et al., 1999; Kessler et al., 2003; Mezulis et al., 2010; Hellmuth et al., 2013; Bangasser and Wicks, 2017). Although controversies do exist, it has been hypothesized that some genetic polymorphisms may alter OT or OTRs, while increasing in women the risk to develop psychopathological disorders related to traumas, PTSD, anxiety, and depression (Bradley et al., 2011; Cicchetti and Rogosch, 2012; Lucas-Thompson and Holman, 2013; McQuaid et al., 2013; Altemus et al., 2014; Sippel et al., 2017b; Tollenaar et al., 2017; Ramikie and Ressler, 2018; Carter et al., 2020).

According to us, our findings of lower OT levels in PTSD patients might be interpreted as an unspecific biomarker of a condition of chronic stress (Olff et al., 2005; Abdallah et al., 2019).

Indeed, decreased OT concentrations have been observed in patients with autism and with OCD, where they increased after serotonergic treatments (Guastella et al., 2010; Humble et al., 2013; Husarova et al., 2016). Elevated plasma OT levels have been described in both depressed patients (Meynen et al., 2007; Parker et al., 2010) and OCD patients (Marazziti et al., 2015) and related with stress/anxiety symptoms or emotional distress (Costa et al., 2009; Thompson et al., 2011; Oh et al., 2018). However, it should be underlined that the validity of the methods used to measure OT levels is put into question, given their high variability (Szeto et al., 2011; McCullough et al., 2013; Leng and Ludwig, 2016), so that studies carried out in different laboratories are not easily comparable.

The data on the possible usefulness of exogenous, mainly intranasal OT in patients with PTSD or subjects with other trauma-related disorders are similarly controversial, possibly for the heterogeneity in trauma, social context, and sex (Finkelhor et al., 1990; Heim et al., 2000, 2009; Heinrichs et al., 2004; Kirsch et al., 2005; Domes et al., 2007; Gamer et al., 2010; Opacka-Juffry and Mohiyeddini, 2012; Chatzittofis et al., 2014; Frijling et al., 2014, 2015; Mohiyeddini et al., 2014; Seng et al., 2014; Mizuki and Fujiwara, 2015; Nishi et al., 2015; Koch S.B. et al., 2016; Koch S.B.J. et al., 2016). In addition, while the acute administration of OT to exposed subjects without PTSD resulted mainly in greater anxiety, reactivity, and worsening of post-traumatic symptoms (Fan et al., 2014; Grimm et al., 2014; Frijling et al., 2016a,b), in PTSD subjects, OT seemed to improve the overall clinical picture, especially the avoidance symptoms, in both acute and repeated administration (Eidelman-Rothman et al., 2015; Koch S.B. et al., 2016; Nawijn et al., 2016, 2017; Sack et al., 2017; van Zuiden et al., 2017). A recent systematic review concluded that long-term use of OT might decrease, although not at a statistical level, PTSD in relation with the severity of acute symptoms (Di Lorenzo et al., 2020).

Although, with no doubt, OT seems to represent a potentially innovative and “natural” psychotropic drug, further clinical and controlled studies, taking into account all possible confounding factors, including the sexually dimorphic effects of intranasal OT (Palgi et al., 2016; Sippel et al., 2017a), are necessary to ascertain its real therapeutic role on specific symptoms or symptom clusters, such as fear memory, compassion, and social skills in at least some subsets of stressed/traumatized patients (Palgi et al., 2016; Wang et al., 2018; Le Dorze et al., 2020).



CONCLUSION

To summarize, the findings of the present study showing decreased plasma OT levels in a group of outpatients with PTSD of both sexes, as compared with healthy control subjects, support the notion that OT might be involved in the modulation of some processes altered in PTSD, specifically the stress response, anxiety, memory, and social contacts.

Future studies should be helpful to disentangle the question of what are the most specific symptomatic domains or dimensions regulated by OT, as well as the therapeutic impact of treatment with OT or OT analogs or antagonists. Indeed, it is now evident that OT is a pleiotropic hormone fundamental for health, stress response, social behaviors, healing, and resilience through its effects on the brain, peripheral tissues, and the immune system (Carter et al., 2020). However, well-designed, controlled, and long-term studies are urgently warranted to understand the potential of OT that currently seems a sort of “chica de moda” or a panacea for a variety of different disorders.
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Ever more research results demonstrate that human health and wellbeing are positively affected by stays in and/or exposure to natural areas, which leads, among other things, to a reduction in high stress levels. However, according to the studies, these natural areas must meet certain qualities. The qualities that are considered to be most health promoting are those that humans perceive in a positive way. Theories about how natural areas can reduce people’s stress levels and improve their coping skills have mainly focused on how certain natural areas that are perceived as safe reduce the activity of the hypothalamic-pituitary-adrenal axis and consequent reduction of cortisol levels. This article discusses studies containing descriptions of how participants in rehabilitation perceive and react to natural phenomena. The common core variable in the analyzed studies was the experience of calm and connection, and this experience was associated with a reduction in stress levels and with being able to develop health and coping skills. We suggest that this experience provides a possible role for the oxytocinergic system to act as a physiological mediator for the positive and health-promoting effects in humans caused by nature. The theory is mainly based on analogies framed by theories and data from the fields of environmental psychology, horticulture, landscape architecture, medicine, and neuroscience. Oxytocin promotes different kinds of social interaction and bonding and exerts stress-reducing and healing effects. We propose that oxytocin is released by certain natural phenomena experienced as positive to decrease the levels of fear and stress, increase levels of trust and wellbeing, and possibly develop attachment or bonding to nature. By these effects, oxytocin will induce health-promoting effects. In situations characterized by low levels of fear and stress in response to release of oxytocin, the capacity for “growth” or psychological development might also be promoted. Such an instorative effect of nature, i.e., the capacity of nature to promote reorientation and the creation of new coping strategies, might hence represent an additional aspect of the oxytocin-linked effect profile, triggered in connection with certain nature phenomena. We conclude by proposing that the stress-relieving, health-promoting, restorative, and instorative effects of nature may involve activation of the oxytocinergic system.

Keywords: stress reduction, oxytocin, nature archetypes, nature-based rehabilitation, health promotion, vitality, restorative, biophilia


INTRODUCTION

All over the world, cities are growing and taking up more and more land. The increasingly large-scale urbanized areas thus need to function for many purposes, not least recreational. Research shows that activities in and/or exposure to certain types of nature and garden areas do affect human health positively, especially when it comes to reducing stress levels and rehabilitating people affected by stress-related mental illness (Egorov et al., 2016; Grahn et al., 2017; Soga et al., 2017; Twohig-Bennett and Jones, 2018; Nilsson et al., 2019). As regards planning, design, and management of urban green areas, the need to be able to classify the areas in an adequate manner thus increases, so that the classification contains both a description of the area and its significance for human health and wellbeing. The designers of urban green areas and therapeutic gardens have adopted and used information from research for evidence-based design (Bengtsson and Grahn, 2014; Stoltz and Grahn, 2021; Vujcic Trkulja et al., 2021). For many years, the research and development work focused on descriptions of content in parks and nature areas that attract visitors. This usually resulted in fairly detailed and long descriptions of, for example, paths, park benches, flower plantations, and play equipment (e.g., Mertes and Hall, 1996). Later, attempts were made to find a link between the content of green areas and health outcomes (e.g., Cooper Marcus and Barnes, 1999), but the descriptions of the content of green areas were still very long and detailed. Later, methods have been developed in order to generally describe properties in green areas that affect human health, such as the perceived sensory dimensions (PSDs; Grahn and Stigsdotter, 2010; van den Bosch et al., 2018; Stigsdotter et al., 2020). The PSDs describe green areas based on whether people perceive them to be more or less open, sheltered, cohesive, diverse, tranquil, etc. These descriptions work well in many contexts around the world and can also be linked to human health and wellbeing (e.g., Lindholst et al., 2015; Mansor et al., 2017; Memari et al., 2017; Vujcic and Tomicevic-Dubljevic, 2018; Chen et al., 2019). However, these PSDs are not related to the specific conditions in a place regarding, e.g., certain animal and plant species. In addition, and more importantly, PSDs cannot be linked to the more worrying and frightening parts of nature. Thus, the contrasts of nature cannot be understood in all respects how they can support a person’s recovery or rehabilitation. They would therefore need to be supplemented with a different type of description.

Research studies assert that people are born with innate preferences (Voland and Grammer, 2003; Galetta, 2014), and this applies not least to natural areas (Falk and Balling, 2010; Ross and Mason, 2017). In addition, research suggests that humans have innate abilities regarding how to select information in order to behave appropriately in different natural environments (Yorzinski, 2014; Coss and Penkunas, 2016). These facts and hypotheses are close to C.G. Jung’s concept of archetypes. These are defined as universal, archaic attributes of an object, a situation, or a context: characteristics that are assumed to be linked to human innate knowledge or readiness, which suggests and/or governs behavior (Sharp, 1991). Archetypes-as-such are diffuse, deep-seated hidden forms in the collective unconscious. From these hidden forms emerge images and motifs, such as the flood, the great mother, the shadow, and others. These images are affected by the context in which they are created (country, culture, etc.), and can thus appear different (Stevens, 2006). Jung’s theory was that some strong archetypes have been found in all cultures since time immemorial. Archetypes can symbolize aspects of the ego (such as persona, anima/animus, the shadow, and the self); monumental legends (such as the creation, the flood, and the apocalypse); important events in human life (such as birth, death, and marriage); or archetypal characters (such as the great mother, the great father, the child, the devil, the wise old man, the wise old woman, the trickster, the hero, the maiden, and the animal; Sharp, 1991). Natural environments have been a part of human beings throughout evolution, so in that sense, there should be strong archetypes related to natural environments. Certain archetypes, such as creation, the flood, the apocalypse, and the animal, of course include nature and natural environments, and appear in many religious legends and myths. Jung suggested no other specific nature archetype, although numerous myths and legends are linked to certain types of natural areas (Sharp, 1991). Sabini (2008) argues that C.G. Jung was close to suggest nature archetypes that were associated with mythological figures, archaic religions, and gods that are closely associated with natural environments and phenomena, such as the sun and thunderstorms.

Bourassa (1988) suggested that Jung’s concept of archetypes could become a basis for a theory in landscape architecture and landscape planning. Today, several researchers claim that in landscape planning and landscape architecture, it is necessary to capture and describe a holistic meaning and content in the landscape, and suggest that archetypes are the solution (e.g., Wilkinson, 2015; Olszewska et al., 2018; Xing and Chen, 2018; Eisenack et al., 2019; Evers et al., 2019; Sietz et al., 2019). Moreover, many theories that attempt to explain the health effects of staying in and/or engaging with natural environments are based on evolutionary hypotheses: They assume that human roots or ancient “homes” exist in certain natural landscapes (Adevi, 2012; van den Bosch and Bird, 2018). Health-promoting properties in natural areas are, for example, suggested to be linked to a possible human primeval home on the savannah (Orians, 1986; Summit and Sommer, 1999).

Recently, Ottosson and Grahn (2021) reported the results of a questionnaire study in Sweden of different types of plant and animal species, lakes, mountains, weather phenomena, etc. This resulted in ten clusters, which were interpreted to be ten nature archetypes (Ottosson and Grahn, 2021). They suggested that these nature archetypes may affect people’s preferences, behaviors, and health. The clusters were named the Death, the Storm, the Adventurer, the Sun, the Moon, the Path, the Eternity, the Fertility, the Guardian, and the Garden of Eden. These nature archetypes can, e.g., be related to the great father, the great mother, and the animal (the Sun, the Eternity, and the Guardian), to archaic deities (the Storm and the Adventurer) and not least to important events in human life, such as death and birth (the Death and the Fertility). Some of these nature archetypes convey security and calmness, while other archetypes are more demanding and insecure. The explanation given today about how nature affects human health and wellbeing in a positive direction is about how certain natural areas that are perceived as safe reduce the onset of cortisol, and reduce neurophysiologic activation, including hypothalamic-pituitary-adrenal (HPA) axis activity (van den Bosch and Bird, 2018). We want to introduce an alternative hypothesis, based on understandings from the physiology of oxytocin, suggesting that natural areas that are perceived as safe, calm, familiar, and attractive stimulate oxytocin release, which in turn exerts powerful anti-stress effects (Uvnäs-Moberg et al., 2005). Enhanced activity in the oxytocin system is linked to acute and long-term health-promoting and restorative effects. An overview of the oxytocinergic system is presented below.

Oxytocin is an archaic polypeptide which exists with some structural changes in mammals, birds, fish, and reptiles (Acher et al., 1995). Oxytocin-like peptides have also been demonstrated in plants (Koehbach et al., 2013). In mammals, oxytocin is produced in the supraoptic (SON) and the paraventricular nuclei (PVN) in the hypothalamus and is released into the circulation via the posterior pituitary and into the brain from oxytocinergic nerves, extending from the PVN and from axon collaterals from nerves projecting from the SON to important regulatory areas in the brain. Oxytocin of peripheral and central origin may be released in parallel, and together the peripheral and central effects of oxytocin constitute the oxytocinergic system (Uvnäs Moberg et al., 2019).

Oxytocin was originally described as the hormone that stimulates uterine contractions during birth and milk ejection during breastfeeding but has later on been shown to have a multitude of psychological and physiological effects of more general character: It stimulates social interaction, facilitates bonding between individuals, exerts powerful anti-stress effects, and also exerts restorative/healing functions, including stimulation of growth (Uvnäs-Moberg et al., 2015). The entire psychophysiological effect pattern induced by oxytocin has been labeled “the calm and connection system” (Uvnäs-Moberg et al., 2005).

Regarding humans, the ability of oxytocin to stimulate social interaction of various kinds has received the most attention. When endogenous oxytocin is released, various aspects of social interaction between individuals are enhanced. Individuals with high levels of plasma oxytocin have been demonstrated to be more socially interactive when compared to those with low levels, and the sensitivity and reciprocity during interaction are more pronounced. Further, in support of an active role of oxytocin in stimulating social interaction in humans, administration of exogenous oxytocin as a nasal spray has been shown to exert positive effects on social interactive skills in autistic individuals and to decrease anxiety in individuals with anxiety disorders and post-traumatic stress disorder (PTSD; Tops et al., 2014; Auyeung et al., 2015; Andari et al., 2016; Feldman et al., 2016; Shamay-Tsoory and Abu-Akel, 2016; Frijling, 2017).

In addition, oxytocin decreases stress levels, by decreasing the activity in the HPA axis as well as by decreasing the function in the sympathetic nervous system, thereby lowering cortisol levels, blood pressure, and heart rate. In contrast, oxytocin increases the activity in the parasympathetic nervous system, which, e.g., leads to increased heart rate variability (HRV) and stimulation of digestive, anabolic, and restorative functions (Uvnäs-Moberg et al., 2015). Moreover, oxytocin exerts anti-inflammatory effects by a multitude of actions. It, e.g., decreases the levels of proinflammatory cytokines and the levels of oxidative stress. Oxytocin also stimulates the activity of the immune system, e.g., T cells (Buemann and Uvnäs-Moberg, 2020). Oxytocin release is stimulated by hormonal (e.g., estrogen) and neurogenic effects. The most well-known examples of neurogenic pathways, which are linked to oxytocin release, are the Ferguson reflex and the suckling reflex induced during birth and breastfeeding, respectively. However, pleasant or non-noxious stimulation of sensory nerves in the skin is also linked to oxytocin release (Stock and Uvnäs-Moberg, 1988). Furthermore, physical stimuli, such as warm temperature applied to the skin, may trigger oxytocin release (Uvnäs-Moberg et al., 1993, 2020b). Additionally, visual and auditory stimuli, such as a friendly facial expression or tone of voice, can trigger oxytocin release and effects as a part of prelinguistic communication (Domes et al., 2014).

Evaluation of the surrounding is performed in the prefrontal cortex and may in case of perceived danger lead to an activation of the amygdala-hippocampal system. In this way, cues regarding stressful situations may induce the feeling of anxiety. They may also increase stress levels as the noradrenergic system in the brain stem will be activated and consequently the activity of the HPA axis and the sympathetic nervous system.

When oxytocin levels are high, the activity of the stress system is inhibited or attenuated, both by decreasing the activity in the amygdala and thereby the sensitivity to stressful stimuli, and by directly decreasing the activity of the HPA axis and of the sympathetic nervous system. The activity of the oxytocinergic system is increased in response to subtle sensory stimulation, e.g., by touch, warmth, and light pressure of the skin, by visual and auditory cues, as well as by mental images depicting peaceful and pleasant situations (Uvnäs-Moberg et al., 2005, 2015). Thus, all these situations should be linked to activation of the oxytocinergic system, including the powerful anti-stress effects.

Oxytocin release does not have to be linked to interaction between humans. Research has shown that interaction between humans and animals is also linked to oxytocin release. Furthermore, the acute and long-term anti-stress and health-promoting effects of human animal interaction have been suggested to be due to a sustained activation of the oxytocinergic system (Beetz et al., 2012).

Given the information above, it is not farfetched to assume that exposure to certain types of nature, or nature archetypes, is likely to be associated with oxytocin release and an oxytocin-linked effect spectrum. It is possible that certain primitive or archaic sensory cues induced while staying in nature activates the oxytocinergic system. Oxytocin could thus be released in response to nature archetypes signaling beauty, pleasure, and safety and consequently give rise to a lowering of the levels of fear and stress. Such an effect of nature is supported by data showing that staying in or being exposed to certain types of nature is linked to decreased levels of cortisol and of inflammation (Payne and Delphinus, 2018; Twohig-Bennett and Jones, 2018; van den Bosch and Bird, 2018; Wen et al., 2019), and effects that may be secondary to activation of oxytocin release.



AIMS AND OBJECTIVES

Research has suggested that humans interpret phenomena in nature based on deep-seated archetypes-as-such in our collective unconscious. Our hypothesis is that this simultaneously activates psychophysiological systems, including basic emotional experiences and corresponding psychophysiological reactions. These types of psychophysiological reaction patterns are to a great extent controlled from limbic parts of the brain, e.g., the hypothalamus. Two important examples of such systems are the stress and anti-stress systems. The stress system includes the HPA axis which regulates cortisol levels and the sympathetic nervous system. The anti-stress system or the oxytocinergic system involves not only the oxytocin system but also the parasympathetic nervous system and is linked to stimulation of social interaction, decreased stress levels, and stimulation of restorative processes and growth.

Emotions of fear and stress and of wellbeing and relaxation, respectively, occur together with their respective physiological reactions, and in this way, two opposite psychophysiological patterns are created, the fight and flight system and the calm and connection system (Uvnäs-Moberg et al., 2005). In this article, we will focus on the possible role of the oxytocinergic system as a possible mediator of positive and pleasant effects induced by nature, which give rise to wellbeing, relaxation, anti-stress, and restorative/healing effects, i.e., activation of the calm and connection system. We further theorize that activation of the oxytocinergic system in the context of nature may in the long term lead to improved wellbeing and health and that it will also facilitate the development of restorative and instorative effects.



MATERIALS AND METHODS


Methodological Considerations

For several decades, our research group has investigated how humans are affected by being exposed to different types of natural environments. The research group consists of expertise from several different subject areas, such as landscape architecture, horticulture, environmental psychology, physiology, and medicine. The impact arises in different ways, both immediate and in a more protracted way, e.g., as health-promoting or instorative effects, where the latter effects are poorly explained theoretically. Recently, studies have suggested that the natural phenomena that affect humans can be explained as archetypes. Therefore, we wanted to create a hypothesis by which nature-linked archetypes might be connected to activation of archaic psychophysiological systems. In this theory development, we selected studies that might contribute to the knowledge regarding the connection between these systems.

Theory development is a central part of research. Torraco (2005) defines theory development as a research process that is intended to create theory. According to Torraco (2005), researchers in this discipline usually approach their creative work from different paradigmatic perspectives and use their preferred strategies and methods to develop new theoretical knowledge. Their work reflects different philosophical values and assumptions about what constitutes knowledge (epistemology), the essence of being or existence (ontology), and what constitutes value (axiology). Torraco (2005) describes a number of methods that have been shown to give good results. There are methods based on quantitative research (such as Dubin’s Theory Development Methodology), qualitative research (such as Grounded Theory Research), and mixed methods (Theory Development from Case-Study Research and Theory Development through Metatriangulation). Our focus was mixed methods, where we would partly start from a comprehensive quantitative study and partly from case studies. Dooley (2002) regards case studies to provide particularly great opportunities for researchers to develop theories. The unique potential of case study research lies in the opportunity it gives the researcher to observe phenomena from several perspectives. Research via case studies has the ability to embrace several cases, quantitative as well as qualitative data, and to embrace several research paradigms.

Westhues et al. (2008) describe the strategies they used for theory development in an interdisciplinary team when working in a mixed methods research program. The goal was to synthesize the results of four subprojects. These included a literature review, qualitative interviews, a quantitative questionnaire survey, and case studies. Initially, they worked mainly through induction, to increasingly turn into abduction which eventually led to a synthesis. In the inductive phase, the researchers needed to gather information and then additional information against saturation, to establish the conditions under which a theory is sustainable or unsustainable. This strategy is iterative between theory and data. The iterative approaches in the method are increasingly approaching a theory, leading to abduction, to design a hypothetical pattern that can explain the case, a proposal for a theoretical structure (Kennedy and Thornberg, 2018). In the final synthesis, the proposal for theory will be created.

Several researchers emphasize that although systematic quantitative data create the basis for a theory building, it is anecdotal case study data that make it possible to finally create the theory (Jik, 1979; Mintzberg, 1979; Dooley, 2002; Torraco, 2005; Westhues et al., 2008). Theory building requires extensive description. Hard quantitative data can reveal different types of associations, but soft data can explain them. This in no way diminishes the importance of using quantitative data. In metatriangulation, quantitative and qualitative data function as validation and control systems. Research using metatriangulation and multiple-paradigm research generally requires a research team. Eisenhardt (1989) pointed out that the use of several researchers offers two advantages. First, several researchers, especially if they have different backgrounds, often have complementary insights that increase the richness of the data, and their different perspectives increase the likelihood of benefiting from any new insights that may be hidden in the data. Experienced researchers can also argue based on their knowledge of the field by referring to their own studies and extensive literature. Second, the convergence of conclusions from several researchers increases confidence, while conflicting views prevent the group from reaching a consensus on the conclusion prematurely.

We also find it of importance to state that the hypothesis presented in this paper, i.e., that oxytocin is involved in the positive effects of nature, be it nature archetypes or other sensory cues, is formulated by three senior researchers who have collaborated for more than 20 years and thus have had time to discuss, understand, and integrate each other’s expertise knowledge. The first author is a professor and expert in landscape architecture, biology, and environmental psychology, and the second author is an expert in horticulture and environmental psychology, whereas the last author is a medical doctor and professor of physiology, who has spent almost 40 years studying oxytocin. During the many years of fruitful discussions, we have experienced the possibility of describing a bridge between the effects by nature on human emotions and physiology and those induced by oxytocin.

It is of importance to state that there are many recent studies describing the effects of administration of oxytocin as a spray on human behavior and emotions and that the results of these studies are not fully comparable with the effects induced by endogenous oxytocin released in connection with physiological stimuli. Oxytocin administered intranasally does not always reach all specific receptor sites and in the correct concentration as does oxytocin released from nerves within the brain. Furthermore, data presented in the literature regarding plasma levels of oxytocin must be interpreted with great caution as the methods used differ as to sensitivity and specificity. Data obtained with RIA generally give lower values than those obtained with ELISA. Furthermore, the pattern of effects sometimes differs substantially indicating that the two techniques may detect different variants of oxytocin (Uvnäs Moberg et al., 2019, Uvnäs-Moberg et al., 2020a).

The paper is primarily written from the perspective of landscape architecture, horticulture, and environmental psychology, and not primarily from the perspective of physiology. For this reason, the terminology may sometimes be confusing to representatives from different specialties. For example, the term restorative has different connotations within the field of environmental psychology where it denotes recovery of diminished daily functions and capabilities (Han, 2018), and within the field of physiology, where restoration has a more basic function meaning healing, e.g., of tissues.



Included Studies

We chose to include three studies/groups of studies in this specific review for theory development. The first study to be reported in this article is a quantitative study which has resulted in a cluster analysis. The cluster tree, the dendrogram, has thereafter been interpreted qualitatively (Ottosson and Grahn, 2021). The second study to be reported is an introspective study of rehabilitation after a serious traffic accident (Ottosson, 1997, 2001, 2007). The third study presented is a summary analysis of the results of several case studies in Alnarp Rehabilitation Garden. The research group has been active in this laboratory since it was established during the years 2000–2002.


Quantitative Questionnaire Study Regarding Experiences of Natural Environments: The Ten Nature Archetypes

This study aimed to investigate whether people group objects and phenomena in nature into special categories that can be identified as archetypes. It is a quantitative interview study in southern Sweden. A total of 547 respondents were included, of which 454 women and 92 men (one missing data). Sixty of these were born abroad, but most of them had grown up in or lived in Sweden for a long time. Thirty respondents were born in one of the Nordic countries, twenty-two in the rest of Europe, and seven in countries outside Europe. Of those born in the Nordic countries, most came from Finland (17), followed by Denmark (9), and Norway (5). Of the respondents who came from the rest of Europe, most came from Poland (9) and the former Yugoslavia (7). The respondents filled in a comprehensive questionnaire, which contained 257 objects and phenomena in natural areas, and the results were processed through Ward’s hierarchical cluster analysis. The results showed that the respondents grouped objects and phenomena in nature into ten distinct clusters, which could be interpreted as ten archetypes (Ottosson and Grahn, 2021).



Rehabilitation After a Traffic Accident: Facing Nature During Rehabilitation

A case study describing a difficult rehabilitation after a traffic accident. An important part of the rehabilitation took place in the meeting with various natural areas outside the rehabilitation hospital Orup in Skåne, southern Sweden. The method was introspection, self-observation and self-report (Radford, 1974). In this article, a selection from this introspective study will be recounted (Ottosson, 1997, 2001, 2007).



Rehabilitation in a Healing Garden: Experiences From Alnarp Rehabilitation Garden

The data consist of a number of narratives and experiences from patients who have been rehabilitated in Alnarp Rehabilitation Garden, which is a laboratory and a research infrastructure at the Swedish University of Agricultural Sciences in Alnarp, southern Sweden (Stigsdotter and Grahn, 2003). Several hundred people who have suffered from severe life crises, depression, and exhaustion have been rehabilitated at this research infrastructure from 2002 to 2012. The rehabilitation has been followed by researchers, who have used both qualitative and quantitative methods (Grahn et al., 2010, 2017).



Synthesis of Data and Development of Theory

Researchers from several disciplines participate in the study: horticulture, landscape architecture, environmental psychology, and medicine with an endocrinological focus. The researchers have extensive experience through several decades of research work in their respective subjects. The above studies are included as data, as well as own background knowledge in the field, including own studies and knowledge of relevant literature, including case studies, case-control studies, and RCT studies including results from measured outcomes regarding blood pressure, heart rate, saliva cortisol, and oxytocin, as well as qualitative interviews, observations, and diaries. The interpretation takes place through induction and abduction in an iterative process toward a final synthesis by consensus. The study triangulates the above data. It is a holistic, reflective research process to bridge all theories, paradigms, data, and results and create a theory development (Dooley, 2002; Torraco, 2005; Westhues et al., 2008).





RESULTS


Study One: The Ten Nature Archetypes

The results from the survey with questionnaires are presented briefly below. For a fuller description, see Ottosson and Grahn (2021). Figure 1 shows the dendrogram over the cluster analysis. The main result of the cluster analysis is the cluster tree, the dendrogram, which can be compared to a tree that is upside down; i.e., it has the branches down. At the tip of each of the ten branches is a distinct cluster: a nature archetype. The two large branches divide high up in the dendrogram, and the nature archetypes on these thus differ greatly from each other. The closer the smaller branches in the dendrogram are to each other, the greater the relationship between the nature archetypes.

[image: Figure 1]

FIGURE 1. Cluster dendrogram. The dendrogram is based on the participants’ preferences for different qualities in nature. Y-axis semipartial R-square; X-axis clustered preferences. The higher up in the dendrogram: a cluster, or a couple of clusters, has separated from the others, the more they differ from the others. (1) The Death, (2) The Storm, (3) The Adventurer, (4) The Sun, (5) The Moon, (6) The Path, (7) The Eternity, (8) The Fertility, (9) The Guardian, and (10) The Garden of Eden.


To start with, the figure shows two distinctly spaced main branches, with five clusters in each. The left main branch is further down divided into two distinct parts, with three nature archetypes to the left and two to the right. The right main branch divides further down, suggesting that the nature archetypes contained here are not as clearly separated. The right main branch divides with one nature archetype to the right and four to the left.

The left main branch was interpreted to contain nature archetypes with demanding natural environments, while the right main branch was interpreted to contain nature archetypes with peaceful, restorative, and recreational natural environments.

The cluster on the far left (No. 1) is interpreted as the nature archetype the Death. It contains animals, such as wolves, ravens, bats, frogs, and spiders. The landscape consists of desolate swamps and dead trees in veils of mist. There are no living plants in the cluster apart from death caps. The second cluster (No. 2) is interpreted as the nature archetype the Storm. It contains a variety of dangerous types of storms, thunder, hail, and heavy rain. The third cluster (No. 3) is interpreted as the nature archetype the Adventurer. It contains, e.g., mountains, rivers, rapids, rafts, and campfires. The fourth cluster (No. 4) is interpreted as the nature archetype the Sun. It contains for instance sunshine, blue sky, and sandy beaches as well as castles, barbed wire fencing, crowds of people, new roads, and motorboats. The fifth cluster (No. 5) is interpreted as the nature archetype the Moon. It contains variables, such as moonlight, night sky, snow, frost, cemeteries, silence, coniferous forests, and older farms with animals.

The sixth cluster (No. 6) is interpreted as the nature archetype the Path. It contains, e.g., hiking trails, cairns, rolling landscapes, brooks, and open landscapes mixed with forests with deciduous trees. The seventh cluster (No. 7) is interpreted as the nature archetype Eternity. It contains many signs of seasonal changes and water, such as melting ice in spring, cracking leaves, and autumn leaves, but also waves rolling toward the beach and big stones. The eighth cluster (No. 8) is interpreted as the nature archetype Fertility. It contains many types of cultivated fields, as well as the orchard and kitchen garden. The ninth cluster (No. 9) is interpreted as the nature archetype the Guardian. It contains likable wild animals, such as hedgehogs, squirrels, hares, deer, and small birds. The tenth cluster (No. 10) is interpreted as the nature archetype the Garden of Eden. It contains, e.g., fruit trees, flowers, hammock, arbor, a pond, water lilies, and butterflies.

The five nature archetypes the Death, the Storm, the Adventurer, the Sun, and the Moon differ substantially from the Path, the Eternity, the Fertility, the Guardian, and the Garden of Eden.


Our Interpretation and Conclusion

Through the cluster analysis, 257 objects and phenomena in natural areas have been placed in very clear groups. The nature archetype gives sharp messages about danger or safety, but also about more subtle archetypal messages concerning the passage of time; hope or consolation; adventure and freedom; work and struggle; or rest and reward.




Study Two: Facing Nature During Rehabilitation

In a number of articles, Ottosson (1997, 2001, 2007) described how nature helped him in a rehabilitation process. Below are some central sections from these articles. The quotes are selected in order to illustrate how his introspective method allows for the exploration and understanding of nature archetypes. They are about Johan Ottosson’s experiences of rehabilitation after a traffic accident that caused a serious head injury and life crisis, and how natural phenomena in southern Sweden provided necessary help and support in his rehabilitation process. In these introspective studies (Ottosson, 1997, 2001, 2007), some of the clusters/nature archetypes described above can be found.

In January 1991, when Johan was 39 years old, he cycled to work and was hit by a car. He himself has no memory of the accident. Sometime after the accident, he ended up in ward 108 at Orup Hospital, a clinic that specializes in the rehabilitation of people who have suffered brain damage. The following quotes describe Johan Ottosson’s meetings with various natural objects, environments, or phenomena in nature, such as seasons or weather, during the rehabilitation period. The method is based on introspection, in which the researcher himself is the subject of the study and in which attempts are made to present the person’s behavior and reactions as objectively as possible. Johan Ottosson claims that he only for a short time could reflect on how nature could help him during rehabilitation. It was as if a window was open to this interpretation. Today, it had not been possible to do so, and when he was in the middle of the rehabilitation, it was too close to be able to have a perspective on what was happening (Radford, 1974; Ottosson, 2007; Weger, 2018).


First Quote

Johan Ottosson remembers that he first walked around the hospital area – short walks near the hospital – but over time it became longer and longer walks out into the landscape (Ottosson, 2007).


The nature around Orup (a hospital in Southern Sweden) pleased him. It gave a wild impression while the traces of man were present. Both the tracks from ancient times and the tracks from new times were there. The traces of old times with the moss-overgrown dry-stone fences, almost completely overgrown house grounds or lichen-covered, feral apple trees - where you could only imagine leftovers of an old garden - gave him a special sense of security and recognition. Inwardly, he saw images from old times with hard-working small-scale farmers and crofters. The human struggle for survival caused feelings that he recognized (Ottosson, 1997).
 

Referring to Cluster 8: “Fertility.”



Second Quote

One of his problems after the accident was the ability of wayfinding. There was always a risk of not being able to find his way back again. The need to be in nature was countered by a fear of getting lost. But this fear did not hinder him, and although he could not explain why, the daily encounters with nature were indispensable (Ottosson, 2007).


The path is created through an interplay between animals/Man and Nature. The path respects the demands Nature makes – it leaves no scars but runs like a natural nerve through the whole. Why the path inspired such feelings he did not know. Perhaps it was some innate feeling of belonging that goes back to our beginnings. Paths have always been our friends – strands leading from one secure point to another. A gift passed from one generation to the next. When he followed paths that he liked especially much, it made no difference where they led – he wished the path would never end. He liked to walk along paths rather than ramble over the terrain, even in familiar territory. Seeing the path before him was a thing of beauty, it touched something deep in his subconscious. This feeling led him to keep to paths, which was perhaps for the best. This predilection has been vital to our survival since time immemorial. What he found beautiful was the way past generations passed the experience to him. This age-old feeling pleased him (Ottosson, 2001).
 

Referring to Cluster 6: “The Path.”



Third Quote

Johan Ottosson preferred to be alone when out in the wild (Ottosson, 2007). The feeling of communion, harmony, and of being able to attune to nature was too subtle, too fragile to compete with the company of other people. And this strong need for solitude in nature was something new for him. Johan Ottosson found it difficult to describe this need and feeling, and could not compare it with anything. When he had company with others, nature assumed a different and more passive role, and the landscape was transformed into a backdrop (Ottosson, 2007).


When he thinks back to the early days, right after the accident, he is surprised by how many of his impressions from the natural surroundings are connected with stones. The untouched stone with its blanket of lichen and moss in various shades of green and gray gave him a sense of security through its timelessness, its calm and harmony. It was as though the stone spoke to him: “I have been here forever and will always be here; my entire value lies in my existence, and whatever you are or do is of no concern to me.” The stones did not speak to him with words, but in feelings, which made the relationship both deep and strong. The feelings calmed him and filled him with harmony. His own situation became less important. The stone had been there long before the first human being had walked past. Countless generations, each with lives and fates of their own, had passed by (…) ideally, he wanted to be alone with the stones and the rock outcrop. The calm atmosphere that an old stone radiates is easily lost. It is as if the stone could absorb the grief. Share it without self being consumed. The tears that end up on a hot rock outcrop evaporate, disappear and part of the grief with it (Ottosson, 1997).
 

Referring to Cluster 7: “Eternity.”



Fourth Quote

Johan Ottosson describes the experience of having suffered brain damage: That it turned his world upside down. Not being able to do things that used to be second nature and which most people take for granted was a scary experience. It was like living in a fantasy world over which he had no control – a nightmare he could not wake up from (Ottosson, 2007). The primordial forces of the wind and the sea attracted him. Maybe it was because the sea gave him an outlet for his rage over his weakened condition. The sea helped him to ban the higher powers for having thrust him into such a situation (Ottosson, 2007).


He liked the sea in all of its moods, but especially in raging storms. He liked walking down to the shore when the wind whipped the sea into a frenzy. The primeval forces of the wind and the sea attracted him. Perhaps it was because the sea gave him a vent for his fury over his weakened condition; with the help of the sea he cursed the gods for having thrust him into such a situation (…) The raw forces of nature appealed to him. In the face of such tremendous power we are all small, helpless creatures. His own situation was not much different from that of others. Face to face with Nature, we are all equal – even the strongest has to give in. While out on his walks he did not feel inferior to anyone (Ottosson, 2001).
 

Referring to Cluster 2: “The Storm.”



Fifth Quote

Coping with a difficult life crisis by getting help to curse the situation is one side of getting consolation and relief from pain; another is to find tranquility and repose (Ottosson, 2007).


The untouched sandy beach, clean and devoid of life, but with the constant motion of the waves, called to him. Once there, he found it hard to leave. The waves that washed over the sand seemed like some eternal pulse, something that had always been there and would always be. The sound and sight of the waves against the sand filled him with calm and a sense of security – like the heartbeat of the mother to an infant child. This feeling was so basic that he could never lose it. That this was so gave him a feeling of security – the element of eternity appealed to him (Ottosson, 2001).
 

Referring to Cluster 7: “Eternity.”



Our Interpretation and Conclusion

Johan Ottosson’s introspective description and narrative provides interesting examples of how natural environments can carry archetypal messages: These contain clear and at the same time quite sensitive and finely tuned conveyed messages about consolation, perspectives in life, paths, and promises. The narrative also shows the importance of nature’s contrasts and dynamics, between the powerful roaring storm and the calm waves on the lake, and that even old house foundations and stones get a different expression when lichen and moss take over. Nature is something that alters, there is a movement that shows life and change. In the midst of all this, there is stability, calmness, and security. The narrative also shows that relations with nature need to take place in solitude and silence, in order for nature’s messages to be clearly conveyed and experienced.




Experiences From Alnarp Rehabilitation Garden

Some nature-based therapeutic activities have been thoroughly analyzed over the years, notably at Alnarp Rehabilitation Garden at SLU Alnarp campus area outside Malmö in Sweden (Stigsdotter and Grahn, 2003). These gardens have been designed to contain many qualities (Stigsdotter and Grahn, 2002, 2003; Ivarsson and Grahn, 2010; Sahlin et al., 2012; Pálsdóttir et al., 2018). Researchers who observed the participants have discovered that they move across the garden to look for different places that match and support their emotional state (Ivarsson and Grahn, 2012; Pálsdóttir et al., 2014; Adevi et al., 2018). Some results in Alnarp Rehabilitation Garden (see Figure 2) are interpreted as being characterized by oxytocin-linked effects, which in turn are explained by calming and supportive activities in a safe relaxing garden and natural environment (Adevi et al., 2018).

[image: Figure 2]

FIGURE 2. Alnarp Rehabilitation Garden, part of the Swedish University of Agricultural Sciences’ research infrastructure. The garden is approximately two hectares in size and is designed with a number of garden rooms with different designs and contents. Studies of patients in the garden revealed behavioral changes associated with different types of treatments, which may be associated with release or not of oxytocin. The model of the garden is made by Gunnar Cerwén.


Researchers found that crisis-stricken participants seemed to be lost at the beginning of rehabilitation. They walked around uncomfortable and uneasy without finding any peace. After a time, however, they felt safe and thus found themselves settled. With that, they withdrew to lush nature areas in the garden, to reflect alone on their situation in peace and quiet (Pálsdóttir et al., 2014). An observational study in Alnarp found that during garden rehabilitation, the participants moved in two specifically different ways. One of these was characterized by the participants walking calmly and introvertedly, as in meditation, straight, and determined. The other was characterized by an unsettled extroverted walk, around the whole garden, picking with plants and trying to talk to other participants (Ivarsson and Grahn, 2012). A later study found that the psychotherapeutic treatment in the garden stirred up feelings that the participants seemed to have difficulty coping with, and they were constantly moving. The physiotherapeutic body treatment, on the other hand, seemed to calm the participants, which led them to find a place in the garden where they could reflect (Adevi et al., 2018). The researchers interpreted the rehabilitation program at Alnarp Rehabilitation Garden with the conclusion that the differently designed garden-rooms and the staff together offered a supportive environment: a safe haven where participants could feel trust and belonging. Hence, it was possible to start a journey where the participants’ coping skills could be strengthened (Grahn et al., 2010; Pálsdóttir et al., 2014), accelerated by an oxytocin release (Adevi et al., 2018). In particular, the physiotherapeutic treatment came to stimulate the release of oxytocin, which was marked by the behavior. Thus, the participants could find a good natural environment where they could reflect on their situation (Adevi et al., 2018).

Often, the participants’ activities are about finding restful, calm places as well as finding places that bring joy, stimulation, and challenges. Such places, usually beautiful, are relatively plentiful in the landscaped healing gardens. However, other places, not as appealing, are also needed. In the northwest corner of Alnarp Rehabilitation Garden, there is a fruit grove, where the trees are affected by fungi and decay. Several trees are dead or dying. At the northernmost edge, dense blackberry thickets grow between the trees and a fence. Several participants specifically visited this place, and one of them states “I swore and cursed and cried and carried on by myself to just be alone and sort of try to let off steam and sort of let out everything” (Pálsdóttir et al., 2014). A few others even made their way through the blackberry thicket, even though the tags tore in clothing, hands, and face. The therapists in the garden said that there were too few of these challenging “malicious” places in the garden (Grahn et al., 2010). Not everyone needs these challenging places, but for some participants, finding them can be crucial to their rehabilitation. Each crisis process has both individual characteristics and generalities.


Our Interpretation and Conclusion

The results from this study also show the importance of the participants primarily needing to find places where they can feel peace and tranquility as well as security. They can achieve this if they are allowed to be alone, where they can feel trust and friendship with both themselves and with nature. It is about affinity but does not have to lead to attachment. It is more about to attune and get in harmony, about calm and connection. Staff, here in the form of a physiotherapist, can enhance the calmness, and then, the participants find it easier to find peace in the garden. A psychotherapist who asks provocative but important questions can, on the other hand, lead to participants having to struggle to find their mental balance in the garden. It is not certain that they will then need to look for the most beautiful and calm places. Nature also contains a story of wounds and thorns, death, and transience, which they may have to face and master.




Synthesis of Studies and Evolution of Key Categories in Theory Development

In the last step, we have combined results and conclusions from the studies, how they converge by means of triangulation and crystallization, and build bridges that can help develop the hypothesis and theoretical model (Dooley, 2002; Torraco, 2005; Westhues et al., 2008).

We found the following four key categories:


Key Category 1: Danger or Security

This key category is clearly present in all studies. It emerges particularly clearly as the basic dual archetypal phenomenon and forms an upper hierarchy in the cluster diagram in study one. And it is obvious that the participants in Alnarp Rehabilitation Garden during the first week tried to find places where they felt safer. In study two, Johan Ottosson describes the problem of not being able to feel secure and calm in the hospital – instead unsettled – and that despite problems with being able to find his way back to the hospital, he sought out places in nature where he could find this.



Key Category 2: Subtle Archetypal Messages

In addition to the overarching concepts of danger and security, all studies present clear conclusions that nature contains other messages: about perspectives in life, wounds and thorns, death, and transience, hope and comfort, adventure and freedom, work and struggle, or rest and reward.



Key Category 3: The Importance of Nature Constantly Changing

All studies report the importance of nature’s inherent power, which involves movements that show life and transformation, contrasts, and dynamics. In the midst of all this, there is stability, peace, and security.



Key Category 4: Creating a Sense of Affinity

This key category is very pronounced in the introspective study as well as in the studies in Alnarp Rehabilitation Garden. Basically, it is about being able to build trust and friendship, with both oneself and nature. It is about creating a sense of belonging but does not have to lead to attachment. We call this “affinity and attunement.” This seems to be easier to create if people are alone with nature, in peace and security.



Core Variable: Calm and Connection

As the research team continued to compare outcomes with outcomes in the data and built them into categories, a larger category began to emerge. This key category was larger than the others in its abundance of outcomes and associations, and on closer analysis, we found that it had explanatory value for each of the other key categories. In the last step, this fifth key category was transformed into a core variable, as the other key categories came to revolve around it. This core variable seemed to account for most of the variation in what was in focus for the study, and thus became the focus for further discussion (Holton, 2008; Byström et al., 2019). We found that the core variable, which is strongly bound and anchored in all the above key categories, is calm and connection.





DISCUSSION

The aim was to develop a hypothesis about why and how stays in and/or being exposed to certain natural areas could improve people’s mental wellbeing and health. Moreover, the aim was to develop a hypothesis connecting humans’ interpretation of phenomena in nature based on deep-seated archetypes-as-such in our collective unconscious with archaic psychophysiological systems. In this respect, we have combined results from a quantitative interview study and case studies. In addition, through our background in different research disciplines, we can refer to several studies, our own and others’, as well as literature. We have studied how results and conclusions converge to find bridges that can help develop the theoretical model (Dooley, 2002; Torraco, 2005; Westhues et al., 2008). We found four key categories and a core variable, calm and connection, which is strongly tied and anchored in all key categories. In the end, we make an attempt to link the positive, health-promoting effects caused by stays in nature to activation of and effects of the oxytocinergic system.

Our hypothesis is that experiences of certain nature archetypes simultaneously activate psychophysiological systems, including basic emotional experiences and corresponding psychophysiological reactions. In addition, that the oxytocinergic system is involved in various ways when it comes to people’s relationship with natural areas. On the following pages, we will describe this in more detail. The discussion has three main parts. We start with the key category “danger or security,” which are phenomena that are often highlighted in explanations of how people can recover from stress when exposed to natural areas: Restorative Processes and Environments. We continue with the other three key categories that are more associated with longer periods of processing mental issues: Instorative Processes and Environments. Finally, we deal with the core variable “calm and connection” and describe the theoretical model. We discuss how activation of the oxytocinergic system in response to cues from nature functions as an important physiological mediator of both restorative and instorative processes.


Restorative Processes and Environments


On Innate Preferences Originated Through Evolution

The first key category relates mainly to scientific discussions in environmental psychology belonging to the concept of restoration. Restoration is defined as the recovery of diminished daily functions and capabilities, largely during people’s free time (Han, 2018). Restorative environments are defined, according to von Lindern et al. (2016), as environments that both permit and promote restoration. Several studies have shown that spending time in natural environments is positive for human health (e.g., Egorov et al., 2016; Nilsson et al., 2019). People who suffer from high levels of stress restore their capacities when staying in and/or being exposed to natural environments but not so in built-up environments (Ulrich, 1993; van den Bosch and Bird, 2018). Furthermore, people who suffer from a drained, fatigued directed attention capacity can restore their ability when exposed to natural environments but not so in built-up urban environments (Kaplan, 1995, 2001). However, most of these studies have used extreme types of natural environments and built-up environments: tranquil alluring and bright natural environments against the gray noisy city. Though, it is unlikely that all natural environments will reduce people’s high stress levels (Bixler and Floyd, 1997; Stigsdotter et al., 2017).

Nature archetypes are supposed to be innate and are assumed to guide people regarding typical phenomena and patterns of action that have followed human beings through evolution. The most widely accepted interpretation today of Jung’s archetypes is that they are innate dispositions to detect and react on objects or coherent patterns, the so-called archetypal images or symbols (De Coro, 2018). “The archetype is a tendency to form (…) representations of a motif —representations that can vary a great deal in detail without losing their basic pattern” (Jung, 1964). Since nature has followed humans for millions of years through evolution, patterns of action in relation to typical characteristics and phenomena in nature should have been inherited. We interpret the key category “Danger or security” as basic archetypal phenomena, which can be related to theories and research results regarding biophilia and biophobia.



Environments Humans Instinctively Avoid Frightening Environments: Biophobia

The five clusters in the left branch (Figure 1) contain objects and environments that are mostly demanding. In the first two clusters, there are several well-known phobic objects and environments, such as spiders, snakes, wasps, big predators, thick fog, storm, and thunder. In clusters three to five, there are heights, congestion, darkness, and complete silence. These five clusters contain clear examples of the most biophobic environments and objects, used extensively in horror movies and thrillers. It is well known that perceiving certain natural phenomena can quickly and unconsciously trigger a panic reaction in us (Öhman, 2008): the so-called “biophobic” objects, scenery, and events. Our evolutionary history is undoubtedly in the fright and phobias. We are more likely to fear events and situations that were threats to the survival of our ancestors, such as potentially deadly snakes, darkness, and heights, than to fear the most common mortal objects in modern life, such as traffic. From an evolutionary perspective, perceptual systems are biased toward discovering threat (Öhman and Mineka, 2001). This is explained by the fact that, during evolution, humans had to reflexively avoid or flee these phenomena, thus having a greater chance of survival. Öhman (2008) speaks of main categories of phobia: those to do with animals (big predators, snakes, and spiders), social phobias (congestion), and spatial phobias or wayfinding (steep precipices, open spaces, thick fog, and darkness), that is, animals and environments that can be found in the five archetypes in the left part of the cluster. This means that vigilance increases as people approach environments associated with these five archetypes. If danger is signaled, for example, by the presence of a snake, the amygdala is activated and consequently affects linked to fear and the sympathetic nervous system is activated. This trigger, among other things, the activation of the cardiovascular system and the release of a number of hormones, such as cortisol and catecholamines. The entire organism is mobilized for an emergency reaction which has been in place in the brains of mammals for a hundred million years and is of vital importance for survival (Tomkins, 1995; Öhman, 2008).



Environments People Actively Seek for Restorative Environments: Biophilia

In the right branch of the cluster tree (Figure 1), there are several environments that can be described as restorative: open landscapes with deciduous forests, hills, and streams in cluster six; appealing and tranquil sounds and scents in cluster seven; groves, meadows, and pastures in cluster eight; friendly animals in cluster nine as well as fruit trees, flowers, and birdsong in cluster ten. It is well known that staying in and/or being exposed to natural environments is linked to restorative stress-reducing effects, such as lowered cortisol levels and blood pressure, and these natural areas are described as having the qualities found in the right part of the cluster tree (Twohig-Bennett and Jones, 2018; van den Bosch and Bird, 2018; Nilsson et al., 2019). Several frequently quoted researchers claim that people through evolution have received higher preferences for particular objects and phenomena in certain natural landscapes. The primeval home of humans has been hypothesized to be located in protective green surroundings: to be restful, without disturbing sounds and smells, and commanding a view of predominantly lightly forested, open fields (Appleton, 1975; Falk and Balling, 2010). We are presumed to prefer these environments because they are associated with a sense of security, and we can therefore recover from high stress levels in these landscapes.

The concept biophilia was first used by the psychoanalyst Fromm (1973), who defined biophilia as “the passionate love of life and of all that is alive.” This term was however later used by Edward O. Wilson in his book Biophilia (Wilson, 1984), where he proposed that the tendency of humans to focus on and to affiliate with nature and other life-forms has, in part, a genetic basis: It is a result of an evolutionary heritage. Later, Roger Ulrich has partially redefined the concept of biophilia through his studies, by claiming that biophilic natural environments are the opposite of biophobic environments. Biophilic natural environments are reflexively interpreted as safe (Ulrich, 1993). People most often prefer open, bright landscapes, which is believed to be due to our development into humans in a savannah-like landscape (Orians, 1980, 1986; Balling and Falk, 1982; Falk and Balling, 2010). Sommer and Summit (1995) argued that we have particularly strong preferences for trees with large canopies, and Coss and colleagues (Coss and Moore, 2002; Coss et al., 2003) that we prefer environments close to water. These environments are expected to be able to quickly reduce levels of stress through emotions/affects, particularly when people experience high stress levels (Ulrich, 1993, 2002). Many studies confirm theories of biophobia and biophilia: Humans have a strong inherent preparedness to respond instantly to concrete threats in natural environments but can also recover quickly if the natural environments are judged to be safe (Ottosson et al., 2015; Braubach et al., 2017; van den Bosch and Ode Sang, 2017; van den Bosch and Bird, 2018).

Some researchers argue, however, that their studies point to results that cannot be unambiguously interpreted based on hypotheses of innate preferences. Jiang et al. (2015) found that the most sparse and flat landscapes were not attractive to respondents. Preferences increased rapidly when the forest became denser, but there was no clear peak at a semi-open savannah landscape. Instead, a wide plateau was achieved, where preferences continued to grow slowly the more the forest densified. Hägerhäll et al. (2018) found no clear universal preference for a savannah landscape: Western respondents seem to prefer the “savannah,” but populations from non-Western, indigenous and primarily rural communities in Colombia, East Timor, Malaysia, and Suriname had higher preferences for landscapes with denser forests, similar to the landscapes in which they lived. Studies by, for example, Home et al. (2010), Adevi and Grahn (2012), and Petrova et al. (2015) found that people’s preferences for natural environments and urban parks could be explained by theories regarding both evolution and experiences acquired since childhood. Balling and Falk (Balling and Falk, 1982; Falk and Balling, 2010) found that younger people had preferences for savannah environments, while the preferences of adults and elderly people more closely resembled their home environments. We suggest that this may be because conceivable innate preferences could be affected by how strongly people become attached to the place where they grow up. This process takes time, which can lead to that environmental preferences becoming more and more similar to the place people are attached to. We return to theories of “place attachment” below.

Nevertheless, people in general prefer open, bright landscapes, which should have a particularly stress-reducing effect. These theories and findings have been supported in several studies (e.g., White et al., 2010; Meireles et al., 2014; Muruka, 2014; Gerstenberg and Hofman, 2016; Hofmann et al., 2017). The Stress Recovery Theory (SRT) seeks to explain why contact with these specific biophilic types of natural environments reduce stress levels in humans (Ulrich, 1993). Ulrich et al. (1991) claim that landscapes with the above characteristics improved the chances of survival in archaic humans, and they reduce stress levels in humans today. More specifically, SRT assumes that positive affect, which occurs during contact with those natural qualities, reduces neurophysiologic activation, including HPA activity to a favorable level (Ulrich, 1993, 2002; van den Bosch and Bird, 2018).

As will be discussed more in detail in a subsequent part of the discussion (see section “Calm and Connection, and Its Relation to the Oxytocinergic System”), we suggest that the anti-stress and restorative effects induced by safe, inviting landscapes discussed by Ulrich (1993) are primarily mediated by an activation of the oxytocinergic system.




Instorative Processes and Environments


A Definition of Instoration and Instorative Environments

We find that the two main branches above (Figure 1) can be related to biophobia and biophilia. We interpret this as being about natural phenomena that trigger rapid reflexive decisions that communicate with basic category affects. These reactions can support behaviors that, for millions of years, helped our species and its predecessors when in danger as well as for quick restoration (Ulrich, 1983, 1993; Tomkins, 1995; Ottosson et al., 2015). We interpret the other three key categories as belonging to the concept of instoration.

In section “Study Two: Facing Nature During Rehabilitation,” Johan Ottosson describes neither the rapid onset of fight-flight response nor any recovery from high stress levels. Instead, he describes how he seeks to find a way to improve his coping strategies. It is about being able to relate to feelings that have to do with security, trust, joy, consolation, sadness, and/or anger in connection with how he can manage his situation. There are many emotions that need to be regulated, and subtle archetypal messages can help, regarding perspectives in life, grief and pain as well as hope and comfort, conveyed by natural phenomena. Johan describes this based on his own situation. The phenomenon is also described in research reports in both wilderness therapy and horticultural therapy (e.g., Pálsdóttir et al., 2014; Conlon et al., 2018). When discussing these kinds of nature-based interventions, researchers claim that certain natural areas contribute to something more than just restoration: They talk about instorative effects and environments (Hartig et al., 1996). The word instorative relates to instauration – meaning an act of instituting or establishing something. Instorative effects are about how nature areas appear to act as catalysts, necessary in accelerating the processing of crises so that reorientation is achieved faster (Stigsdotter and Grahn, 2002, 2003; Grahn et al., 2010). The ten branches (Figure 1) have been interpreted to be ten nature archetypes, and we suggest that they communicate with humans on a more subtle level: That they convey senses that lead to instorative effects.



To Be Able to Perceive the Nature Archetype as a Whole That Holds Force and Power

One result of this study is the proposal for a key category that deals with the importance of change in natural landscapes, and nature can largely be described in terms of movement and change. People more easily perceive what is moving: It can be perceived as interesting, carrying information, and even alive. In section “Study One: The Ten Nature Archetypes,” we present ten clusters that were interpreted as ten nature archetypes: The Death, the Storm, the Adventurer, the Sun, the Moon, the Path, the Eternity, the Fertility, the Guardian, and the Garden of Eden. The archetypes we encounter in nature can possibly be perceived as carrying messages, which we record with all senses. There is a difference between how one experiences a landscape in calm weather and when it is storming, when it is bright and sunny or in darkness. Nature is always dynamic and changing. Stern (2010) has developed a theory of vitality, which he defines as “a whole … It is a Gestalt that emerges from the theoretically separate experiences of movement, force, time, space and intention” (Stern, 2010). According to Stern (2010), vitality has its foundation in some kind of movement, and this perception is always accompanied by the four qualities of force, space, time and direction/intention.

We choose to interpret vitality as constituting a constant and basic lived involvement in a person’s lifeworld and in the relationship with the environment: the social as well as the physical (Dahlberg and Drew, 1997; Matthews, 2014; Byström et al., 2019). Stern (1985) claims that the dynamics of our surroundings is of crucial importance in how we experience our environment. It goes without saying that we interpret a person’s intention in different ways, and not least what it means to ourselves, if the person moves toward us or from us, and with what force and speed the person moves. Many natural phenomena consist of movement: of force, space, time, and direction/intention. Winds and waves have power and direction, as does the movement of the sun and moon across the sky. The seasons also consist of movement, a clear change over time. This also includes the dynamics of winter cold and summer heat. Vitality can be interpreted both emotionally and cognitively; Stern (2010) claims. The forms of vitality can be described as “an extension of holistic thinking (…) They unite the elements that put flesh on experience (…) because our minds tend to see dynamic events in terms of vitality forms whether they come from nature, self, or other humans. The dialogue between external and subjective reality never stops.” Theories of Gestalt were developed in the field of perception psychology (Ellis, 1938; Wertheimer, 1938) and imply that our brains strive to generate wholes, instead of just collecting simple, unrelated elements. When the perceptual system has created a Gestalt, it constitutes its own reality, regardless of the parts: “the whole is something else than the sum of its parts” (Brownell, 2016). Stern (2010) argued that movement connects phenomena to a Gestalt, which we can perceive. Movements and changes in nature can thus, together with trees, animals, formations in the landscape, etc., be perceived in the form of wholes, Gestalts, or archetypes.

By experiencing the Gestalt in its context, a person can understand its importance and be able to make the right decisions: a phenomenon that also has been further developed in therapies (Perls et al., 1951; Brownell, 2016; Rhyne, 2016). This can be compared to what Jung (1960) referred to as the transcendent function. It just appears, comes from within us, and overwhelms us with an understanding which can bridge the conscious and the subconscious, striving for wholeness and meaning (Knox, 2004). Knox (2004) argues that this wholeness is interpreted by humans as an archetype, which has the power to make us find solutions. Hence, the archetype can play a decisive role in a person’s growth, change, and development, in which mental contents emerge from the interaction of congenital functions, the brain and the external environment (Knox, 2003, 2004). We suggest that movements, changes, dynamics, and sensory impressions in natural environments create the wholes we characterize as nature archetypes. Depending on their content and information, they activate different psychological and physiological reactions. People, e.g., become worried when walking through a dark forest or through desolate landscapes, especially in storm or fog. On the other hand, experiencing soft waves rolling toward a beach, walking along winding paths or resting in a hammock, and listening to the chirping of birds soothe people. Experiences from nature-based interventions, such as in Alnarp Rehabilitation Garden, show that it is important that participants experience security and calmness (Sahlin et al., 2012; Pálsdóttir et al., 2014). The possible involvement of oxytocin in these calming effects will be discussed in section “Calm and Connection, and Its Relation to the Oxytocinergic System.”



Affinity and Attunement Are Needed to Start the Process of Instoration

The clusters we described above (Figure 1) consist of experiences of visual impressions, temperature, smells, and sounds that together form units. The point of departure for our argumentation about instorative effects is that people experience the world through their bodies, with all their senses and where most of their experiences occur unconsciously, subliminally (Eimera and Schlaghecken, 2003; Kiesel et al., 2007; Blakemore et al., 2017). Scents, temperature, sounds, and other sensory impressions are found to be crucial if a human being feels security and confidence in the environment, or the opposite, finds discomfort and threats (Fontaine et al., 2001; Appukuttan, 2016). Environments send different kinds of subtle signals, which might be interpreted as creating a secure atmosphere or not. Through embodied cognition, sensory experiences of impressions from the environment can present a sense that can guide further actions (Gibson, 1979; Balcetis and Cole, 2009; Grahn et al., 2010; Ottosson et al., 2015; Adevi et al., 2018). One result in this study was the key category of being able to build trust and friendship, with oneself and with nature. It is about creating a sense of affinity for a place in the natural environment. The possible role of oxytocin for the development of affinity for a natural place will be discussed in section “Calm and Connection, and Its Relation to the Oxytocinergic System.”

Instoration is hypothetically based on the precondition that the environment and the person are attuned. This, in turn, requires that the human being can feel secure or comfortable in the environment and be able to communicate intimately with nature. In that case, the conditions are met which allow human beings and nature to attune to each other. However, as can be seen in section “Experiences from Alnarp Rehabilitation Garden,” these self-regulating therapeutic activities do not occur immediately, nor do they occur in whichever setting. It is a process where the participants in nature-based therapy in Alnarp Rehabilitation Garden initially find it difficult to find a place, be able to take in and, even less, be able to communicate with nature (Sahlin et al., 2012; Pálsdóttir et al., 2014). After a few weeks in nature-based therapy, if certain conditions are met regarding security and trust in the place of therapy, things start to happen: Participants begin to be open to communication, they are attuned, and communication through emotions, intuition, and cognition can start (Ottosson, 2007; Grahn et al., 2010; Sahlin et al., 2012; Pálsdóttir et al., 2014; Spring, 2016).

Attunement is a process that has been described as being of fundamental importance by the psychotherapist and physician Poul Bjerre. A central concept in his theory was the “death and renewal rhythm”; that is, when something important in the person’s life must be left behind, in order for the new to be received and integrated, such that one should be able to move forward in life toward new goals (Bjerre, 1929, 2004). Bjerre claimed that affinity with nature can help in crisis management and healing. In order to succeed, the person must switch between efforts toward the goal and relaxation that can provide space for nature’s assimilation, attunement, and healing forces. It is about a shift between, on the one hand, logical analysis and a willingness to understand and solve problems and on the other hand sheer relaxation and contemplation, which gives scope for interpretation of symbols and Gestalts, and a medical process. In nature, Bjerre said, it is about finding places where you can attune. Through the attunement process, the healing process can be accelerated. The symbol formation and interpretation, according to Bjerre, is a productive effort – a continuous processing of the psyche of what meets the human being (Bjerre, 1929, 2004).

Section “Study Two: Facing Nature During Rehabilitation” contains quotes describing how Johan Ottosson increased his coping ability during his life crisis by encountering various natural phenomena. The ability to communicate with nature archetypes is probably important in everyday life. However, the importance could be of greatest value when facing life crises. When experiencing a life crisis, reality might be perceived to be like a quagmire – strange, weird, and sometimes even sinister and hostile (Moos, 1986). Could it be that nature archetypes can offer consistency and support for reflection, in order that one can move on: A prerequisite for building a starting point, a bridge between emotions and analytical thinking, which can facilitate intuition and promote how to work through the crisis? We envisage the archetypes communicate with us, where we can walk the path, face the storm, discover the power of fertility, or seek security in the archetype of eternity. It might perhaps help us manage with our life situation, make us comprehend it, and discover some form of meaningfulness, thus providing support to our coping strategies (Moos, 1986; Park and Ai, 2006). One hypothesis is that certain nature archetypes provide security and trust, where people can feel a belonging, and offering people consolation and attunement. Thenceforth different nature archetypes can provide clarity that can help people see the whole, discover opportunities and make intuitive decisions.

Nature archetypes can hypothetically create an intuition and thought that can support instoration and reorientation which will promote how to work through the crisis. Intuition is about being able to see the wholeness, to understand the context, and then being able to make decisions (George and Dane, 2016; Okoli and Watt, 2018; Remmers and Zander, 2018). Intuition is about considerations that lead to decisions, which are based on both emotion and cognition. Yet, the decisions are usually made relatively quickly. Sometimes, however, we need to think longer to consider decisions, but in these cases too, both emotion and analytical thinking are connected (Kahneman, 2011; Okoli and Watt, 2018). Rational decisions are usually largely based on intuition, more rarely on slower analytical thinking. However, when people are in crisis, rational decision-making is inhibited, and wrong decisions can be made, because people are not able to link emotions and cognition to a holistic consideration (George and Dane, 2016; Okoli and Watt, 2018; Remmers and Zander, 2018). In order to understand the outside world, one must be reasonably attuned. Through attunement, an affinity with the outside world, paired with logical analysis linked to emotions and intuition, people have a possibility to feel and understand a fact, and based on that can make informed decisions (Kahneman, 2011; George and Dane, 2016; Okoli and Watt, 2018; Remmers and Zander, 2018).

We choose to use the concept “scope of meaning” (Grahn, 1991; Grahn et al., 2010), which is a resource that relates to a person’s communication with the external environment. Experiences that build a person’s scope of meaning are bodily and sensory (visual, tactile, audibly, etc.) and are related to feelings and thoughts. It is an embodied communication, about relations to the surrounding social, cultural, and physical world (Allwood, 2008). Values are connected to people, single objects, the cultural context, and the physical environment. The scope of meaning may be seen as being made up of all experiences and values, and how the person communicates with the surrounding world in order to function and survive in it. It is an important part of how the person identifies him/herself and his/her functions in different contexts and determines how the person perceives the environment and his/her own scope of action (Grahn, 1991; Grahn et al., 2010). That is, a person’s “scope of meaning” forms the framework for and guides the person’s “internal working model.” Scope of meaning is linked to “theory of mind,” “theory of attachment,” and “theory of place attachment.” Scope of meaning is a framework that, for example, implies that people can have confidence in certain people and places and understand how other people think and act. Based on this framework, people form an internal working model, which works for both routine matters and in more complicated situations (Grahn, 1991; Riley, 1992; Delius et al., 2008; Grahn et al., 2010; Morgan, 2010; Lewicka, 2011; Young, 2011).

During a life crisis, communication between the surrounding world and the person becomes difficult. It may be, for example, that the person has become seriously sick, or that an important friend or family member in the person’s life has died (Machin, 2013). This means that the person’s entire scope of meaning changes or even collapses, which means that it needs to be rebuilt (Ottosson, 2007; Grahn et al., 2010; Stigsdotter et al., 2011). The person’s way of thinking about people, objects, and the whole environment will be transformed, which alters the person’s cognitive significations in relation to the surrounding world and his/her own inner working model. During the crisis, before the new scope of meaning is in place and everything has been more or less stabilized, people, objects, and environments that have previously been easy to interpret, felt familiar and pleasant, can suddenly seem strange and even unfriendly (Ottosson, 2007; Grahn et al., 2010).

We suggest that instoration is about the reconstruction of a person’s scope of meaning. If something important changes in a person’s scope of meaning, everything changes. When, in crisis, a person’s whole world is shaking and changing, it is difficult to get an overall picture and be able to understand what should be done (Moos, 1986; Machin, 2013). If a person no longer has any internal working model because it is destroyed, it might be difficult to find consolation and/or meaning in everyday life (Park and Ai, 2006; Klass, 2014). To be able to rebuild the scope of meaning, as a resource for the person’s new internal working model, it is necessary to have support. According to the supportive environment theory (Stigsdotter et al., 2011; Adevi, 2012; van den Bosch et al., 2018), it should start with simple, clear components in nature. People are hard to interpret and understand, and a person can easily feel alone or hurt in the presence of other people. Hence, relationships with other people are complicated to handle, while they are much simpler with nature, especially certain types of nature (Ottosson, 2007). In such cases, it is important to be able to find calm and connection in safe places in nature. Here, people in solitude can start to communicate with nature through nature archetypes.




Calm and Connection, and Its Relation to the Oxytocinergic System


The Oxytocinergic System as an Underlying Factor

The core variable that was discovered in our study was calm and connection. We interpret this variable to be associated with all other key categories. The core variable can in turn be associated with the oxytocinergic system. In this paper, we will put forward the hypothesis that the oxytocinergic system plays an important role in mediating the positive mental and physiological effects which are induced when humans are staying in nature. Most of the knowledge on oxytocin has been obtained from experimental studies on animals and also from studies of social interaction between humans. We therefore base our hypothesis on the striking similarities between the mental and physiological effects observed in response to staying in nature and those induced during social interaction between humans or between humans and animals. In fact, the effect pattern in both these situations involve stimulation of social interaction and of calm and wellbeing, decreased levels of stress as well as stimulation of healing and growth: all cardinal effects of the oxytocinergic system.

Oxytocin is produced in the SON and PVN of the hypothalamus. As mentioned in the introduction, oxytocin is transported to the posterior pituitary to be released into the circulation and to act as a hormone. In addition, oxytocinergic nerves project to many important regulatory areas in the brain, where oxytocin influences behavioral and physiological functions. In this way, activation of the oxytocinergic system may give rise to integrated effect patterns. Oxytocin was originally known as the hormone that stimulates uterine contractions during birth and milk ejection during breastfeeding (Uvnäs-Moberg et al., 2020a). The role of oxytocin has with time become expanded to involve neurogenic effects in the brain which induce a multitude of behavioral/psychological and physiological effects. The core effects of oxytocin are stimulation of social interaction and wellbeing, reduction of fear and stress, and stimulation of healing or restorative effects (Uvnäs-Moberg, 2013). We propose that the oxytocinergic system may play an important role as a mediator of many of the beneficial effects of staying in nature and may also play a part in the positive and restorative effects that were summarized in this study.

This paper is not the place to list all the targets for the oxytocinergic projections and their effects, but it is important to mention a few of them which might be involved in the positive effects induced by nature: the amygdala where oxytocin exerts inhibitory actions on fear and stimulates social interaction, the PVN where oxytocin exerts inhibitory actions on stress corticotrophin releasing factor (controls the activity of the HPA axis), the noradrenergic neurons in the LC (controls the activity in the HPA axis and of the sympathetic nervous system), the autonomic nervous centers in the brain stem (inhibits the activity in the sympathetic nervous system and stimulates the activity in the parasympathetic nervous system), the periaqueductal gray, and the dorsal columns of the spinal cord, where oxytocin inhibits pain and inflammation and the reward centers where oxytocin together with dopamine induces wellbeing (Uvnäs-Moberg, 2013; Uvnäs-Moberg et al., 2020b).



The Oxytocinergic System and (Social) Interaction

Under normal circumstances, humans start communication by seeking eye contact with each other. Often other types of contact follow, such as verbal contact, touching, and hugging. These behaviors are linked to a sense of reward and relaxation and to a decrease of stress levels. Also bonding between the two individuals may be induced as a consequence of in particular repeated positive interaction (Auyeung et al., 2015; Takahashi et al., 2015; Andari et al., 2016; Shamay-Tsoory and Abu-Akel, 2016; Pawling et al., 2017; Uvnäs-Moberg et al., 2020b).

Oxytocin is released during social interaction between humans. Oxytocin release is, e.g., promoted by eye gaze, and according to the social salience hypothesis, certain aspects of the face, in particular the eyes, become more “attractive or interesting” to look at, under the influence of oxytocin and when the duration of eye gaze is prolonged (Theodoridou et al., 2009; Auyeung et al., 2015; Shamay-Tsoory and Abu-Akel, 2016; Hovey et al., 2020). Oxytocin is also released in response to verbal contact, touching, and hugging, and this second phase of oxytocin release is particularly linked to the anti-stress and healing effects of oxytocin. Sensory nerves are activated in response to physical touch, among those the CT afferents: an old type of sensory nerves, which are linked to the experience of wellbeing (Pawling et al., 2017). Activation of the CT fibers and also of other types of nerves originating in the skin as well as auditory, visual, and olfactory stimuli contributes to the release of oxytocin induced as a consequence of social interaction between humans (Takahashi et al., 2015).

The importance of oxytocin for social interaction between humans is further substantiated by experiments showing that administration of synthetic oxytocin via nasal spray facilitates proactive social behaviors and increases, e.g., eye gaze during social interaction. Moreover, administration of oxytocin increases an individual’s ability to interpret other individuals’ facial language and tone of voice (Hollander et al., 2003, 2007; Domes et al., 2014; Skuse et al., 2014), as well as body language (Kéri and Benedek, 2009).

Oxytocin also increases the sensitivity to touch, and infusions of oxytocin have been shown to increase touch induced oxytocin release (Velandia, 2012), during positive interaction and thereby to the oxytocin mediated effects (Takahashi et al., 2015). Recently, studies demonstrating that oxytocin administration promotes social interaction, positive emotions, and reward have been extended to include brain studies using fMRI. These studies have shown that administration of synthetic oxytocin enhances the activity in brain areas linked to wellbeing, reward, and social activity (Andari et al., 2016; Bethlehem et al., 2017).

The role of oxytocin is, however, not limited to interaction between humans. It also occurs in connection with interaction between humans and companion animals, for example, dogs. Eye gaze between humans and dogs, just as between humans, has been demonstrated to be linked to oxytocin release (Nagasawa et al., 2015). In addition, similar stress-reducing and health-promoting effects have been demonstrated to occur following human-animal interaction as following human-human interaction (e.g., Handlin et al., 2011). These data suggest that the role of oxytocin in promoting various aspects of relationships is not limited to human-human interaction.

The effects induced by oxytocin in humans, either in response to a natural release of oxytocin during interaction between humans or as a consequence of administration of synthetic oxytocin, as summarized above, display a striking resemblance with the effect pattern induced by nature on humans. As reported above, staying in, being exposed to, and/or interacting with nature have been shown to be linked to anti-stress effects, such as lowering blood pressure, heart rate, and cortisol levels; reduced inflammation; and increased skin conductivity and HRV (e.g., Bay-Richter et al., 2012; Payne and Delphinus, 2018; Twohig-Bennett and Jones, 2018; van den Bosch and Bird, 2018). In addition, staying in nature has been demonstrated to induce restorative and healing effects (Li et al., 2016; Grahn et al., 2017; Wen et al., 2019). Studies, where human subjects are exposed to visual and audible impressions from tranquil natural environments, also show that the heart rate variability increases as a sign of increased parasympathetic nervous activity (Annerstedt et al., 2013; Grahn and van den Bosch, 2014). In fact, this effect pattern, consisting of decreased activity of the HPA axis and of the sympathetic nervous system and increased activity in the parasympathetic nervous system, and in addition increased wellbeing, healing and restorative effects, is consistent with an activation of the oxytocinergic system (Uvnäs-Moberg et al., 2005, 2015).

We suggest that nature sceneries that transmit the experience of, e.g., beauty, security, and tranquility, activate the oxytocinergic system, just like human faces, in particular eye gaze, does. Some types of nature may trigger oxytocin release and thereby attract attention and create a wish to approach and to interact with nature in analogy with the salience hypothesis for human faces as suggested by Shamay-Tsoory and Abu-Akel (2016). Such triggers may convey not only an experience of beauty but also of safety and of access to resources of vital importance for survival. The presence of water may serve as a clear example of such an attractant and rewarding stimulus (White et al., 2010). These types of attraction to nature may be linked to the concept of biophilia and should have played a very important role during evolution in particular for humans living as hunters and gatherers.

Nature archetypes, perceived as friendly, lush, and safe, may attract humans (Ottosson and Grahn, 2021). Nature may influence humans through visual experiences, such as colors and shapes; olfactory stimuli, such as the scent of flowers or mushrooms; and auditory stimuli, such as birdsong or tranquil sounds from the wind in the treetops or from waves rolling toward the beach. In addition, tactile stimuli and temperature, such as walking in warm sand or feeling the warm wind or the sun against the skin, may together with proprioceptive and gravitational sensations play a part in the experience of the interaction with nature. All of these natural stimuli may trigger oxytocin release in humans, in analogy with the oxytocin release occurring in response to positive and pleasant stimuli of different types in connection with human-human or human-animal interaction. This assumption of course remains hypothetical until specific experiments have been performed. However, exposure to pheromones produced by plants may promote the release of oxytocin in humans. Recently, Ogata et al. (2020) were able to show that exposure to lavender fragrance led to an activation of oxytocin neurons in PVN. In addition, preliminary experimental data from a pilot study show that oxytocin levels rise and stress levels decrease in individuals who are exposed to green indoor plants (Mikkonen et al., unpublished).



The Oxytocinergic System: Stress-Reducing and Restorative Effects

One important consequence of social interaction is that anti-stress and restorative effects are induced as well as wellbeing. As a consequence of, e.g., non-noxious, pleasant stimulation of sensory nerves from the skin during social interaction, aspects of the oxytocin system will be activated and give rise to decreased activity in the HPA axis and in the sympathetic nervous system, as well as to increased activity in the parasympathetic nervous system and the dopaminergic mechanisms in the reward centers. When repeatedly activated, this effect pattern will become sustained and will be linked to health-promoting effects. Long-term positive human relationships as well as positive relationships between humans and their pets are associated with better health, in particular cardiovascular health. These effects have been attributed to oxytocin, which in addition to inducing immediate effects also induce long-term effects (Petersson et al., 1996; Beetz et al., 2012; Bernaerts et al., 2017).

Several animal studies have shown that exposure to nature can counteract stress. Experiments on rats in enriched environments show large differences between animals exposed to an environment enriched by natural elements, such as twigs, leaves, and logs, compared to if the environment is enriched with artificial materials, such as plastic toys and synthetic nesting materials. Measurements showed that the animals in the natural environment showed lower stress levels and better problem-solving ability (Bardi et al., 2016; Lambert et al., 2016). Exposure to the natural environments increased the ability to, for example, interpret hazards and make the right decisions. Lambert et al. (2016) interpreted the results as meaning that natural habitats gave the animals opportunities to maintain emotional health better and provide a buffer against stress. A later study showed that animals in environments enriched both socially and with natural materials led to higher oxytocin levels (Neal et al., 2018).

We propose that oxytocin released by nature in humans creates similar positive, health-promoting effects, characterized by reduced stress levels, by increased wellbeing (less depression) and also by stimulation of healing and growth. This effect may in fact underlie and explain the stress-reducing and health-promoting effects described by Ulrich (1984). Our theory, however, involves a nature-induced release of oxytocin and a consequent oxytocin-mediated decrease of stress levels. There are even studies using modern brain visualization techniques, such as fMRI, which demonstrate that experiencing natural environments really affects human brain function. Areas in the brain that are involved in appreciating and enjoying natural landscapes activate perceptual processes, cognitive processes, and the reward system (Zhang et al., 2019).



The Oxytocinergic System: Attachment and Bonding

One important function of oxytocin is to promote the establishment of bonding or attachment between individuals. The mother infant bond is one example of such an oxytocin dependent bond. Most studies regarding the mechanisms involved in formation of attachments or bonds have, however, been performed on monogamous voles. These animals normally spend their whole lives together as soon as bonding has occurred. Under natural circumstances, oxytocin released in response to sex underlies the formation of bonds. Injections of oxytocin into the brain of female and male voles can initiate the development of bonds between two individuals, and this effect involves an experience of enhanced salience of the sensory cues from “the other individual,” facilitated memory formation of “the other one,” activation of the reward center, and also decreased stress levels. In this way, the individual being close (“the other one”), to the one receiving oxytocin will appear attractive, will induce wellbeing and reduce stress levels, since oxytocin also facilitates the linkage between these different physiological effects. When a bond has been established, recognition of “the other one” together with the link to positive emotions will attract the two individuals to each other and separation may be linked to decreased wellbeing and increased levels of anxiety and stress (Petersson et al., 1996; Uvnäs-Moberg, 2013).

In humans, formation of bonding or attachment between two (or more) individuals (e.g., mother and infant, siblings, and couples) is facilitated and initiated by several types of oxytocin releasing sensory cues, such as skin to skin contact, eye contact, sound of voice, and pheromones. As interaction between individuals triggers other oxytocin-related effects, such as wellbeing and stress reduction, a bond may be developed between individuals. Such oxytocin linked bonds are of course also related to the concepts of attachment and secure base as formulated and described by Bowlby (Bowlby, 1982; Velandia, 2012; Uvnäs-Moberg, 2013).

Oxytocin release also occurs during contact with companion animals, and repetitive activation of the oxytocin system during interaction with the animals is suggested to be the one of the underlying mechanisms behind bonding to the animals (Handlin et al., 2011; Beetz et al., 2012; Julius et al., 2012; Nagasawa et al., 2015). We hypothesize that humans may also form relationships and bonds with natural areas that from a functional point of view resemble inter-human relationships or human-animal relationships. Several studies have been done on how children develop place attachment (Chawla, 1992; Korpela et al., 2002), and places that meant a lot while growing up can continue to be important during a large part of life, especially in life crises (Aronsson, 2004; Adevi and Grahn, 2011, 2012). When it comes to separation distress, Fried (1963) classic study shows how people miss and mourn lost places. This phenomenon is repeated in other studies from wars and natural disasters, such as when hurricane Katrina destroyed many places in the southern United States (Giuliani, 2003; Scannell and Gifford, 2014).

It is easy to assume that well-known places, which have been associated with loved ones and positive feelings, will develop into positive memories, which will then be linked to the calming and anti-stress effects of oxytocin. Such places will be attractive, and a kind of bond between humans and places with such positive qualities may be developed. Some people develop a long-term affection to nature. As suggested above, certain aspects of nature may attract humans and also be linked to oxytocin release. The aspects of nature that originally triggered oxytocin release will then be connected to the physiological effects of oxytocin characterized by decreased levels of fear, decreased stress levels, and increased wellbeing. In this way, an attachment or a bond between humans and nature may be formed (Adevi and Grahn, 2011, 2012). The stronger the bond, the stronger the feelings of relaxation, and wellbeing will be while staying in nature and in the long run, other positive restorative effects will also be stimulated that ultimately promote health.



The Oxytocinergic System: Link to Decreased Stress Levels and Thus Opportunities for Instorative Processes

We would like to propose the concepts of affinity and attunement to nature which would correspond to achieving a kind of “friendship” with a place in nature. In the presence of a “friendly environment,” e.g., a natural environment to which a person is attuned and has affinity to, oxytocin will be released. As a consequence of oxytocin release, fear and stress levels will be reduced, and under such circumstances, reorganization of functions in the brain will be facilitated (Beetz et al., 2012; Julius et al., 2012; Nagasawa et al., 2015; Richardson et al., 2016). This support can lead to fundamental psychological changes, which can lead to instorative mental processes. The experience of decreased fear and of increased trust with “Mother Nature” will allow deeper instorative, healing processes to occur, as in other therapeutic situations (Grahn et al., 2010; Sahlin et al., 2012; Pálsdóttir et al., 2014). An important consequence of oxytocin-induced inhibition of fear is the ability to reorganize experiences and memories. When fear is absent, it is possible to introduce new ways of thinking and even exchange emotional links to memories (Eckstein et al., 2015; Engert et al., 2016). This can very well occur in certain types of natural environments, if an individual feels safe and secure and has acquired affinity for the place. The memories of the traumatic experiences persist, but the emotional links are transformed from being very stressful to being calming (Ottosson, 2007; Grahn et al., 2010).

When a person feels a deep calmness and security, opportunities arise to be able to handle and understand his/her own thoughts and feelings. When this happens, opportunities may arise to be able to give up thought patterns and thus find new ways. It is therefore possible that changing of coping strategies or reorientation occurs in such environments. In this way, particular places in the nature, which are experienced as calming or familiar by an individual, may serve in analogy to social support in relationships. That is, the presence of another supportive human exerts a stress-reducing effect, which decreases fear and instead opens for reorientation and progress. For people who have experienced a lack of secure attachment and object constancy to persons, nature may be even more advantageous. In fact, individuals with insecure attachments may experience good consolation by companion animals and/or places in nature, since they do not have any memories of inconstant and insecure emotional attachment to these objects (Grahn et al., 2010; Sahlin et al., 2012; Pálsdóttir et al., 2014).





CLOSING WORDS

In this article, we have presented a hypothesis that needs to be tested. We are aware that many studies are needed that can support different stages in the statements we have made, regarding both restorative and instorative effects. We are also aware that several other psychophysiological reactions and patterns are involved.

In our presentation, we have chosen not to discuss the Attention Restoration Theory (Kaplan, 1995, 2001), which is about how people’s ability to direct attention can be restored in certain types of natural areas. There are also other theories about how staying in gardens and natural areas can support human health and wellbeing (van den Bosch and Bird, 2018), such as inhaling phytoncides (Li, 2012) or exposure to certain types of micro-organisms that can help our immune system (Stamper et al., 2016; Robinson et al., 2018). These theories may well have an impact on human health and behavior, as well as physical activity and synthesis of vitamin D through the sun’s UVB radiation (Nilsson et al., 2019). However, we are convinced that the sensory impressions of the natural areas, its archetypal appearance, have a major impact on our behavior and wellbeing, as well as affecting people’s archaic, oxytocinergic system.
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INTRODUCTION

Synchronization of physiological signals between individuals seems to originate from intra-uterine life between mother and fetus (Feldman, 2006) and continues to characterize relational events in the entire human lifespan. Although referable to a wide pattern of phenomena underpinned both by central and peripheral nervous system, the term physiological synchronization (PS) is mostly used in literature to denote the autonomic nervous system mutual modulations (Palumbo et al., 2017), of two or more people interacting [even without eye contact, e.g., only by hearing each other; Vanutelli et al. (2017)]. Even though PS seems to occur also during behavioral coordination, the great majority of studies are recently addressed to define the intriguing phenomenon of the co-occurrence of PS and emotional/affective attunement, happening even when interacting people are involved in minimal and not necessarily coordinated behaviors [e.g., eye gaze; Palumbo et al. (2017)].

The neurotransmittitorial system underpinning PS has never been investigated. Our idea is that oxytocin may be the eligible candidate to be investigated as a mediator of PS, on the basis of the following arguments: (a) Both PS and oxytocin release occur in the same affiliative processes; (b) Aggressivity and conflictual exchange are characterized by both PS and oxytocin release, an aspect that is only in ostensible contradiction with the previous one; (c) PS and oxytocin system functioning have compatible neural underpinnings; (d) PS and oxytocin have all shown an association with psychotherapy process and outcome.


Oxytocin, Physiological Synchronization, and Affiliative Processes

Oxytocin and PS have both been previously and extensively associated to social and affiliative processes such those attachment system–related, and to affective empathy and social engagement. Namely, the link between oxytocin and attachment has already been established in the 1990's (e.g., Insel, 1997), with studies correlating oxytocin receptor polymorphism with attachment behaviors (Chen et al., 2011). Ham and Tronick (2009) associated the attachment system with synchronization patterns of child-caregiver dyads by demonstrating how attachment task of the still-face paradigm was characterized with high PS during reunion episode, in which mother and infant generate a new attunement. In clinical settings, the manipulation of the sense of attachment security in therapists produced an effect on the lag of the patients' and therapists' PS during clinical interactions (Palmieri et al., 2018). Similarly, speech markers identified as related to secure attachment were positively associated with patterns of high PS (Kleinbub et al., 2020a). Experimental studies have also demonstrated that long-term oxytocin administration enhances the experience of attachment between interacting adults (Bernaerts et al., 2017).

Both oxytocin and PS are significantly associated to empathy. A series of studies in psychotherapy research field, for instance, demonstrated a positive correlation between the amount of therapist-patient PS and the level of affective empathy (Messina et al., 2013; Kleinbub et al., 2019). As a whole, Palumbo et al. (2017) review highlighted that manifestations of PS in human interactions occur during shared experience marked by empathy and its validity as an objective index of empathic, affiliative phenomena, has been demonstrated (Kleinbub et al., 2019). Oxytocin release has also been found to be associated with affective empathy: studies indicate that dispositional empathy traits are sensitive to genetic variations of oxytocin receptor (Smith et al., 2014), and that oxytocin administration enhances the ability to correctly infer the emotional content of social stimuli (Hurlemann et al., 2010).

Social engagement was recently linked to PS as well as to oxytocin in mice (Kingsbury et al., 2019) as well as in humans, by demonstrating that a physiological biofeedback-based training can ameliorate people's ability to empathize with others (Gennaro et al., 2019; Kleinbub et al., 2020b). Oxytocin has also been suggested to mediate social engagement dynamics by facilitating trust and cooperation needed to adjust to new social groups (Anacker and Beery, 2013).



Oxytocin, Physiological Synchronization, and Aggression

Oxytocin and PS exert similar effects during aggressive social interactions as those observed during social dynamics. For example, PS increases during marital conflicts (Timmons et al., 2015), and studies also demonstrate elevated oxytocin level in intimate partner violence (DeWall et al., 2014).

Such a paradoxical parallelism in seemingly opposite social states can be explained by Shamay-Tsoory and Abu-Akel (2016) Social Salience Hypothesis, a theoretical framework focusing on the effects of oxytocin on the salience of social cues. According to this hypothesis, oxytocin increases the sensitivity to social cues (Olff et al., 2013) depending on contextual and/or individual factors (Bartz et al., 2011). Following such a hypothesis, it can be suggested that both PS and oxytocin are socially and relationally dependent, thus exerting similar effects in either affiliative or aggressive states. Consistent with such a perspective, Feldman (2020) postulated that oxytocin and neural synchrony both function in the service of a superordinate meaning system which can affect not only in-group empathy, but also out-group derogation.



Physiological and Anatomical Bases of the Physiological Synchronization and Oxytocin System

PS studies usually focus on autonomic nervous signals such as electrodermal and cardiac activity, and–less frequently–on respiratory activity or variations in body temperature (Palumbo et al., 2017). These physiological activations are regulated by sympathetic and parasympathetic branches mainly through Noradrenaline and Acetylcholine. These two branches are regulated by the paraventricular nucleus (Maejima et al., 2019) which contains Corticotropin–Releasing Factor neurons and oxytocinergic neurons, exerting opposite actions. The Corticotropin–Releasing Factor neurons increase the activity in the Hypothalamic-Pituitary-Adrenal axis and project to brainstem areas to increase the activity of the sympathetic nervous system. Oxytocinergic neurons decrease the activity of the Hypothalamic-Pituitary-Adrenal axis and of the sympathetic nervous system and increase the function of the parasympathetic nervous system in the brainstem.

Oxytocinergic nerves emanating from the paraventricular nucleus project to many areas, including areas known to modulate emotional functions such as the amygdala (Stoop et al., 2015), areas involved in pain control such as the periaqueductal gray and the spinal cord, and areas modulating incoming sensory information in the cortex, the last being a crucial aspect in the interpersonal exchange and hence in PS phenomena. Of note, oxytocin is not present in autonomic nerves—all oxytocinergic nerves originate in the hypothalamic paraventricular nucleus and supraoptic nucleus—but they are involved in the control of the autonomic nervous system through brainstem centers innervations. This association with areas in the brainstem is especially relevant to highlight the linkage between PS and oxytocin, as oxytocin activates sympathetic and parasympathetic branches by increasing overall autonomic control and regulation (Tracy et al., 2018).

Moreover, the central autonomic network (Benarroch, 1993), which includes higher central areas with remarkable mirror properties, has been recently described as being mediated by oxytocin (Festante et al., 2020). These areas include the anterior cingulate, ventromedial prefrontal and insular cortices, and should play an important role not only in behavioral synchronization but also in the synchronization of the function of the autonomic nervous system.

Thus, the joint activation of both central and peripheral areas may produce synchronized dynamics during social interaction (Ramachandran et al., 2009; Palmieri et al., 2018; Kleinbub et al., 2019) in which the mirror neuron mechanisms should play an important role by picking up the intensity of autonomic nervous function from another individual via incoming sensory information. In the cortex, this information may in turn produce a synchronized response through oxytocin's indirect regulation of the peripheral, autonomic systems. In other words, there are links from these higher, anterior centers, to brainstem areas involved in the ongoing regulation of autonomic nervous tone, implicating mirror mechanisms triggering the coordination between own's and other individual's cues, thanks to mirror system sensitivity to subtle interactional aspects, such as facial expressions or vocal tone (Cacioppo et al., 2017). Figure 1 reports the hypothesized oxytocinergic pathway leading to PS.


[image: Figure 1]
FIGURE 1. Hypothesized pathway of oxytocin mediation on the autonomic nervous system, in terms of physiological synchronization among interacting individuals. (1) The person to whom one empathizes (or to whom one is attached to/is socially engaged with/that is perceived relevant in ingroup-outgroup dynamics) impacts firstly on the brain areas involved in processing social environmental stimuli, i.e., the prefrontal cortex, amygdala, and hippocampus (Uvnäs-Moberg et al., 2005). (2) The prefrontal-amygdala-hippocampus complex influences oxytocin release in PVN and SON hypothalamic nuclei (Uvnäs-Moberg et al., 2005). (3) In turn, oxytocin released in PVN and SON influences the mirror system expressed in the prefrontal structures (Festante et al., 2020). Namely, this pseudo-circular feedback and feedforward system should facilitate mirroring, possibly by making the mirror neurons more sensitive. (4) CAN and its related paralimbic nuclei, including the prefrontal-amygdala-hippocampus complex, directly regulates hypothalamic autonomic nervous system nuclei (Benarroch, 2012). (5) The prefrontal structures and the amygdala-hippocampus complex directly influence the brainstem, thanks to mirror properties and the affective stimulus detection (5a); Autonomic hypothalamic nuclei project to autonomic brainstem nuclei (5b) (Benarroch, 1993). (6) Parallelly to direct autonomic efferences from hypothalamic to brainstem nuclei, oxytocin released from PVN and SON, together with CRF, modulates the action of brainstem autonomic nuclei (Geerling et al., 2010). (7) From the brainstem, sympathetic and parasympathetic nervous system branches are mediated by Acetylcholine e Noradrenaline, depending on form the autonomic branches and the preganglionic or post-ganglionic efferences. These cascade processes, as a whole, activate the peripheral nervous system physiological signaling, which is eventually able to synchronize with another one's physiology thanks to oxytocin mediation. ACh, Acetylcholine; CAN, Central Autonomic Network; CRF, Corticotropin–Releasing Factor; Na, Noradrenaline; OT, Oxytocin; PAG, periaqueductal gray; PVN, Paraventricular nucleus; SON, Supraoptic nucleus. Dashed arrows, actions that do not directly involve the oxytocinergic pathway.




Physiological Synchronization and Oxytocin in Psychotherapy Settings

Synchronization between patient and psychotherapist is linked to beneficial psychotherapeutic outcomes (e.g., Ramseyer and Tschacher, 2014), as well to therapeutic alliance (Bar-Kalifa et al., 2019), and to empathy perceived by patient (Marci et al., 2007; Messina et al., 2013; Kleinbub et al., 2019). These kinds of findings led to a recent, dramatic increase of interest in PS in psychotherapy research (Kleinbub, 2017). On the other hand, oxytocin administration was also found to enhance therapeutic response in hypnotic-based settings (Bryant et al., 2012), and recent studies have also demonstrated that oxytocin synchronization predicted better therapeutic outcome (Zilcha-Mano et al., 2020). Oxytocin has also been suggested to exert effects on synchronization phenomena in psychotherapy settings. For instance, Ramseyer et al. (2020) investigated synchronization of spontaneous head and body movements between patient and therapist, and found that oxytocin administration prior to a psychotherapy session resulted in higher movements coordination, compared to placebo condition. Although synchronization in body movements does not always coincide with PS (Palumbo et al., 2017), these intriguing results encourage the efforts toward filling the gap in the research on the association between oxytocin and all human synchronization phenomena.




DISCUSSION

This contribution is aimed to encourage empirical investigation of the association between oxytocin and PS, mainly, but not only, in psychotherapy settings. Future studies should firstly consider the action mechanisms of endogenous vs. exogenous (usually intranasal) oxytocin administration, parallelly to PS detection in the interacting dyad, as these two forms of oxytocin present several differences. Endogenous oxytocin reaches specific brain areas provided with oxytocin receptors, while exogenous oxytocin does not induce all the natural effects of endogenous oxytocin, as circulating oxytocin does not pass the blood-brain barrier. On the other hand, exogenous oxytocin is more easily controlled–it has been used as an augmenting outcome factor in psychotherapy research since the early 2000's (Guastella et al., 2009)–whilst plasma and salivary oxytocin levels are more complex to be collected and interpreted, as different sources provide different levels of oxytocin, and do not necessarily reflect its concentration at nerve terminals or in the brain.

From PS perspective, the two most used indices, i.e., heart rate variability and electrodermal activity, should be distinguished as well, since they have substantial differences that need to be considered prior to experimental manipulation. The former is influenced by both the activity of the parasympathetic and the sympathetic branches and these components are inferred by ad hoc ratio (LF/HF ratio), whilst the latter is an index of pure sympathetic activity from which only indirectly one can infer the parasympathetic one (Cacioppo et al., 2016). Useful algorithms for PS in terms of dyadic electrodermal activity analysis are already available and can be utilized in such studies (e.g., Kleinbub, 2019).

Given these premises underlying the implications for methodological choices, a straightforward approach to investigate the compelling hypothesis of oxytocin mediation on PS would be to compare patients engaged in a brief psychotherapy in a double-blinded, placebo-controlled, randomized study, where oxytocin vs. placebo would be administered before each session. In both groups, pre-post therapy assessments should be carried out to evaluate therapeutic change, and patient's and therapist's physiological signals should be continuously and simultaneously measured. The main expectation would be that clinical dyads in which patients received oxytocin show higher average PS. Alternatively, a more naturalistic design would require only a single group, where endogenous oxytocin can be measured by assessing the levels of oxytocin in each member of the dyad. In such methodological settings, we would expect to find a positive correlation between oxytocin increase and amount of PS. Further studies should explore the physiological processes implying the role of mirror mechanisms in their potential explanatory route in the hypothesis of oxytocin as neurotransmittitorial mediator of PS.

Overall, the hypothesis of oxytocin as the likely mediator of PS, although we focused on psychotherapeutic relations as eligible experimental setting, is clearly extensible to all human interactions, and, like a lacking piece of a jigsaw puzzle, would help to converge many research findings and theoretical conception currently still fragmented. Scholars are hence encouraged to investigate the potential coupling of oxytocin and PS firstly, but not only, in psychotherapeutic settings, as social and wellbeing implications in terms of understanding human relations and shaping clinical interventions can be significant at many theoretical and pragmatic levels.
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Feeding and Manual Brushing Influence the Release of Oxytocin, ACTH and Cortisol Differently During Milking in Dairy Cows
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Aim: This study aimed to examine the effects of feeding or abdominal brushing on the release of the hormones oxytocin, ACTH and cortisol during milking in dairy cows.

Methods: Twelve cows in early lactation were used (2 × 2 factorial experimental design), testing the effects of two types of sensory stimulation during milking over a 3 day period; feeding concentrate or manual abdominal brushing (1 stroke/s). Blood samples for hormone analyses were collected at time at −15, −1, 0 (onset of cluster), every min for 8 min, at 10, 12, 14, 16, 30, and 60 min. Hormone levels were assayed and AUC was calculated.

Results: Milking was associated with an immediate and significant rise of oxytocin. When milking was combined with feeding, significantly higher levels of oxytocin were observed at 2 and 4 mins (p < 0.05). No effect of brushing on oxytocin levels was observed. Milking alone was associated with a significant rise of ACTH levels. Feeding in connection with milking reduced the immediate rise of ACTH levels (p < 0.05) and AUC (p < 0.02), whereas no effects of brushing were found. Milking caused a progressive rise of cortisol levels. Concomitant feeding did not influence cortisol levels, whereas brushing significantly decreased cortisol levels at 1, 5 and 14 mins after onset of milking (p < 0.05).

Conclusion: Feeding increases oxytocin release in response to milking and decreases ACTH levels. Abdominal brushing did not influence these variables, but decreased cortisol levels. These data demonstrate that activation of afferent vagal nerve fibres and of cutaneous sensory nerves originating from the abdominal skin in front of the udder influence milking related hormone release differently.

Keywords: cutaneous sensory nerves, afferent vagal nerves, feeding, brushing, oxytocin, dairy cows, milk yield, cortisol


INTRODUCTION

The data from the present study represent a subset of results from a study in which the role of feeding and brushing of the abdominal area during milking on the release of hormones released during milking and on milk yield was studied. In this study, we focussed on the effect of feeding and brushing during milking on the milking induced release of oxytocin, ACTH and cortisol.

Oxytocin, which is produced in the supraoptic (SON) and paraventricular (PVN) nuclei of the hypothalamus, is released into the circulation from the posterior pituitary and also into the brain from oxytocinergic nerves originating in the PVN. Oxytocin released within the brain stimulates different types of social interactive behaviours and bonding, induces calmness, increases nociceptive thresholds and induces anti-stress like effects such as a decrease of the activity of the HPA axis and of the sympathetic nervous system, which is reflected by, e.g., reduced plasma cortisol concentrations, blood pressure and heart rate (as reviewed by Uvnäs-Moberg, 1998, 2014, 2015; Uvnäs-Moberg and Petersson, 2005). Specific subpopulations of oxytocin neurons are involved in different effects induced by oxytocin (Eliava et al., 2016; Grinevich and Stoop, 2018; Takahashi, 2021).

Oxytocin is released into the circulation in response to milking to induce milk ejection in dairy cows (for review see Bruckmaier and Blum, 1998). Both machine milking and calf’s suckling of the udder induces oxytocin release although studies have demonstrated a greater oxytocin release in cows when suckled compared with machine milking (e.g., Bar-Peled et al., 1995; Lupoli et al., 1999). In addition, social interactive behaviours and anti-stress effects are induced in connection with milking suggesting that oxytocin is also released from neurons originating within the brain during milking (Johansson et al., 1999a,b).

In rats, stroking of the abdomen increases the release of oxytocin into the brain and into the circulation and induces multiple oxytocin-linked effects such as increased nociceptive threshold and anti-stress effects via activation of sensory nerves originating in the skin of the abdomen (Uvnäs-Moberg and Petersson, 2011; Uvnäs-Moberg et al., 2015). Also in cattle, abdominal stroking induces anti stress affects, as heart rate is decreased (unpublished data). In addition, it increases the acceptance of and willingness to approach humans (Schmied et al., 2008) suggesting an oxytocin-mediated effect on social interactive behaviour.

We hypothesised that not only feeding but also abdominal brushing during milking could influence the release of oxytocin, ACTH and cortisol released during milking.



MATERIALS AND METHODS


Animals and Management

The experiment was performed on 12 Swedish Red dairy cows at Kungsängen’s Research Centre, Uppsala, Sweden. The Uppsala Local Ethics Committee had approved the experiment Ref C271/3. The cows were in lactation number 1–4, in lactation week 9–24 (average 13 week), and had a daily milk yield of 26–43 kg (average 39 kg) at the beginning of the experiment. The cows were housed in individual tie-stalls and fed grass silage and concentrates according to their individual requirements based on the Swedish feeding recommendations (Spörndly, 2003).

The cows were machine milked twice a day; morning milking started at 06:15 h and evening milking at 17:00 h. The milking machine was an Alfa-Laval DuoVac (DeLaval, Tumba, Sweden) with the vacuum level at 45 kPa. Before the cluster was attached, the udder was cleaned with paper towel and control milk drawn from each udder quarter. The cluster was taken off, as soon as low-vacuum (33 kPa) appeared.



Experimental Design

A 2 × 2 factorial design was used to test effects of feeding 2.1 kg concentrate and manual abdominal brushing one stroke per second during milking. All cows received all treatments in a balanced order. The experimental treatments were initiated from the start of pre-stimulation of the udder and brushing was terminated when the milking unit was detached. The treatments were performed for 3 days and included morning as well as evening milking. Data were collected during the morning milking on the third day of treatment.



Blood Sampling and Assays

A semi-permanent catheter was inserted into a jugular vein of each cow 4 days before the first blood samples were collected. When not in use, the catheters were filled with Heparin (25 IU/ml, Lövens Läkemedel AB, Malmö, Sweden) dissolved in 0.9% NaCl. Blood was collected at 15 min and at 1 min before the onset of the cluster, i.e., start of pre-stimulation and treatments. In addition, samples were taken at time 0 (onset of cluster), and every minute during a period of 8 min as well as at 10, 12, 14, 16, 30, and 60 min after the onset of milking. At each sampling, a total of 20 ml of blood was drawn into two 10-ml EDTA tubes provided with Trasylol® (400 IU/ml; Bayer Leverkusen, Germany) and immediately stored on ice. Within 1 h after blood collection, samples were centrifuged (10 min at 1,800 × g), plasma divided into four tubes and stored at –20°C. Plasma was analysed for oxytocin concentrations using radioimmunoassay, according to Schams (1983). The within-assay coefficient of variation (CV) varied from 5.9 to 7.8% and the between-assay CV from 11.2 to 16.9% in samples with high (17.2 ± 1.9 pmol/l) and low (1.6 ± 0.3 pmol/l) oxytocin concentration, respectively. Cortisol was analysed with an enzyme immunoassay as described by Sauerwein et al. (1991). The mean recovery after extraction was 77.5 ± 8.6%. Inter-assay coefficient of variation was 12.5. EDTA-stabilised plasma samples were assayed for ACTH using a modified version of the time resolved fluoro-immunometric assay (TRIFMA) initially developed for human blood samples by Dobson et al. (1987). Small modifications allowed for automated running of the assay on an automated analyser (AutoDELFIA 1235, Wallac Oy, Turku, Finland), thus the incubation temperature was 25°C instead of 4°C as used by Dobson et al. (1987). Calibration standard curves were prepared in serum from a cow pre-treated with dexamethasone. Otherwise, performance characteristics of the modified assay were similar to the original assay.



Statistical Analysis

The Mixed procedure of SAS 9.1 (SAS, 2002) was used to analyse the data. To evaluate the effect of treatment on the hormone concentration, three response areas from area under curve (AUC) were calculated and AUC1 covered 0–10 mins, AUC2 covered 0–30 mins, and AUC3 covered 0–60 mins. The statistical model included the fixed effects of feeding and abdominal brushing, sampling time, experimental period, the interactions between sampling time × abdominal brushing and feeding, as well as the random effect of cow. Data was transformed to a logarithmic scale to obtain normal distribution before the statistical analyses. Results are presented as least square means with SE. To show the hormone patterns of the different stimuli we display arithmetic mean values in Figure 1. Mean differences between treatment effects were declared significant at P < 0.05.
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FIGURE 1. Milking related plasma concentrations of (A) oxytocin, (B) ACTH, and (C) cortisol when cows were exposed to the sensory treatments abdominal brushing or no brushing and (D–F) with stimuli feeding of concentrates or no feed during milking. Data showed as arithmetic mean values. Manual pre-stimulation started at time -1 and onset of milking cluster occurred at time 0, n = 11.





RESULTS


Plasma Concentration of Oxytocin

Basal (pre-milking) oxytocin concentrations did not differ across the treatments and ranged from 7.1 to 8.8 pg/ml. Milking gave rise to an increase in plasma oxytocin above basal levels immediately after attachment of the cluster and peak oxytocin levels were reached at 2–4 min after initiation of milking (Figure 1). When milking was combined with feeding, a significantly higher oxytocin concentration was obtained at 3 min (P < 0.05) and a tendency to higher levels was obtained at 4 min after start of milking compared to milking alone). No effects of abdominal brushing or feeding on AUC oxytocin levels were found (Table 1).


TABLE 1. Milking related plasma concentrations of oxytocin, ACTH and cortisol in dairy cows exposed to feeding or abdominal brushing during milking.
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Plasma Concentration of ACTH

Basal (pre-milking) levels of plasma ACTH were similar across the treatments and ranged from 9.3 to 10.3 pg/ml. Milking increased the levels of ACTH and peak values were reached at approximately 2 min after initiation of milking (Figure 1). Feeding during milking lowered the plasma concentration of ACTH in comparison to milking without feeding. ACTH levels were significantly lower at the onset of milking and at 2, 3, 4, and 5 min after onset of milking (P < 0.05) in the feeding group (Table 2). In addition, the values of the response areas were lower when milking was combined with feeding for AUC1 (P = 0.08) and AUC2 (P = 0.02) while no difference between treatments was observed on AUC3 (Table 1). No effects of abdominal brushing on the levels of ACTH were found.


TABLE 2. Least squares means and SE in logarithmic transformed values of the hormone oxytocin, ACTH and cortisol with treatments feeding no feeding during milking and abdominal brushing or no brushing during milking.
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Plasma Concentration of Cortisol

In general the plasma levels of cortisol were low. Basal cortisol levels were similar across the treatments and ranged from 1.7 to 1.8 ng/ml. Milking by itself gave rise to an increase in plasma cortisol and peak levels were reached at the end of milking or just after the milking were finished (Figure 1). Feeding did not influence milking induced cortisol levels. However, when milking was combined with brushing the plasma cortisol levels were significantly lower (P < 0.05) at 1, 5, and 12 min after the onset of milking compared to milking with no brushing (Table 2). In addition, when milking was combined with brushing the cortisol AUC1 tended to be lower (P = 0.07) when compared to values obtained for milking with no brushing (Table 1).




DISCUSSION

Milking was accompanied by a release of the hormones oxytocin, ACTH and cortisol. The milking induced hormonal pattern was modified, when milking was combined with feeding or brushing. Feeding tended to increase oxytocin levels whereas ACTH levels were significantly decreased. Cortisol levels alone were decreased by brushing.

Interestingly, feeding in combination with milking induced small but significantly higher levels of oxytocin at 3 min and a tendency to increased levels 4 min after the onset of milking as well as numerically increased response areas, when compared to milking without feeding. These data are in line with previous studies (Svennersten et al., 1995; Johansson et al., 1999a,b). The reinforced increase in oxytocin levels caused by feeding is mediated by an enhanced afferent vagal nerve activity. When food is present in the gastrointestinal tract, gastrointestinal hormones, such as cholecystokinin (CCK) are released, which promote afferent vagal nerve activity (Uvnäs-Moberg, 1994). The importance of the link between the gastrointestinal tract and milk production is demonstrated in studies by Eriksson et al. (1994) performed on lactating rats. The data show that the suckling-related release of oxytocin and prolactin is strongly dependent on intact vagal nerves, since suckling-related oxytocin and prolactin responses were almost abolished in rats subjected to vagotomy and the weight gain of the pups was severely impaired, when no milk was produced and ejected. These data are clearly in line with the findings of a feeding induced reinforcement of the milking-related oxytocin release and thereby milk production caused by a feeding-induced increase of afferent vagal nerve activity.

The role of ACTH in the control of milking-induced cortisol secretion has been questioned, since no release of ACTH was recorded in response to milking in a previous study (Tancîn et al., 2000). The present data, however, showing a clear rise of ACTH in response to milking suggest that ACTH does play an important role for the release of cortisol during milking, since the rise of ACTH levels precedes the increase of cortisol levels.

The feeding treatment was associated by significantly lower levels of plasma ACTH during milking. The observed increase in oxytocin levels and decrease in ACTH levels in the fed cows may be linked to each other. In rats oxytocin released within the PVN exerts a direct inhibitory effect on the release of corticotropin-releasing factor (CRF) from the PVN, which controls the secretion of ACTH from the anterior pituitary (Neumann et al., 2000; Takahashi, 2021). In addition, oxytocin decreases ACTH secretion by an effect in the anterior pituitary (Pettersson et al., 1999; Uvnäs-Moberg, 2015). Given that the secretion of ACTH is controlled in a similar way in cows the decreased ACTH levels may be a consequence of effects of oxytocin in both the hypothalamus and anterior pituitary. We did not observe a decrease of cortisol levels, which would have been expected, given the decrease of ACTH levels, suggesting a complex action of the feeding stimulus on cortisol secretion.

Manual brushing of the abdomen did not influence milking-related oxytocin release. Brushing, of the abdomen, however, reduced cortisol levels compared to control, but did not affect ACTH levels. These findings were somewhat unexpected, since oxytocin is released both into the circulation and into the CSF in response to massage-like stroking of the abdomen in rats (Ågren et al., 1995).

The lack of an increase of oxytocin levels and decrease of ACTH levels in response to manual abdominal brushing during milking suggests that different effect patterns are induced following by suckling/afferent stimulation of vagal nerves in connection with feeding and following stimulation of sensory nerves in connection with brushing of the abdomen in dairy cows.

Similar observations regarding differences in the control of cortisol release have been made in humans. Oxytocin is released in response to suckling in breastfeeding women in order to promote milk ejection. At the same time the activity of the HPA axis is decreased as levels of ACTH decreases (Handlin et al., 2009). This decrease of ACTH levels seems to be mediated by an oxytocin mediated decrease of CRF secretion in the PVN (Uvnäs-Moberg et al., 2021; Takahashi, 2021). In addition ACTH levels may be decreased via oxytocin secreted into the anterior pituitary. Cortisol levels are decreased in response to breastfeeding (Handlin et al., 2009), which is also associated with a substantial decrease in blood pressure and an increased function of the endocrine system of the gastrointestinal tract, indicating that sympathetic nervous tone is decreased and parasympathetic nervous tone is increased in response to suckling. Social interactive behaviour is also increased during breastfeeding. These effects should be mediated by oxytocinergic fibres emanating in the PVN (Uvnäs-Moberg et al., 2020).

Oxytocin is, however, not released into the circulation in response to skin-to-skin contact between mother and newborns per se after birth (as measured with RIA) and there is no change in the levels of ACTH in humans. Yet the sensory stimulation of the skin of the front side in mothers in connection with skin-to-skin contact between mothers and babies is associated with decreased cortisol levels (Handlin et al., 2009). In addition, other stress relieving effects are induced and social interaction is stimulated (for a review see of these effects see Uvnäs-Moberg et al., 2021).

As mentioned above the SON and PVN contain magnocellular neurons that transfer oxytocin to the posterior pituitary and the circulation. In addition the PVN contains several types of parvocellular neurons, which influence basic physiological and behavioural functions such as the function of the autonomic nervous system (Sofroniew, 1980; Buijs, 1983). Oxytocin release into the circulation does not always parallel oxytocin release into the brain, suggesting that different aspects of the oxytocin system can be activated separately (Takahashi, 2021). It is therefore possible, but remains to be proven, that stroking of the skin in front of the udder in the cow, just like skin-to-skin contact between mother and infant and ventral stimulation of the skin in rats only activate a subgroup of the oxytocin neurons, e.g., these neurons involved in the stimulation of social interaction/maternal behaviour and also in reducing stress levels by decreasing the activity of the sympathetic nervous system and the sympathoadrenal system.

Different effects obtained by suckling, afferent vagal stimulation and by sensory stimulation of skin on the ventral side of the abdomen suggests that the function of the adrenal cortex can be regulated at two levels; by ACTH released from the pituitary and also by sympathetic nervous tone. Both these processes should be influenced by oxytocin, but via separate mechanisms. The former one could involve an effect of magnocellular oxytocin neurons that inhibit CRF secretion from the PVN and to some extent directly decrease the release of ACTH from the anterior pituitary and one that does not involve the classical HPA axis, but oxytocinergic nerves emanating from the PVN that control autonomic nervous function (Uvnäs-Moberg et al., 2021).

As mentioned above there is a dissociation between ACTH and cortisol secretion during skin-to-skin contact between mother and infant. Those data suggests that stimulation of cutaneous afferents from the front side may modify cortisol without influencing ACTH secretion in humans. The mechanism behind this effect can at present only be speculated upon. It is, however, possible that the inhibition of cortisol release from the adrenal gland induced by stimulation of the skin on the front side occurs via a decreased activity of sympathetic nervous tone. The function/binding of the ACTH receptors in the adrenal gland is enhanced by the activity in the sympathetic nervous system. Brushing of the abdomen in humans and rats may decrease the activity in the branches of the sympathetic nerves, innervating the adrenal cortex, which may lead to a decreased function of the ACTH receptors and a subsequent decrease of cortisol secretion, in spite of unchanged ACTH levels (Stachowiak et al., 1995; Sato et al., 1997; Pettersson et al., 1999). Oxytocin released from oxytocinergic nerves projecting from the PVN to the brainstem may participate in this effect. Although it remains a speculation a similar mechanism may be activated in response to brushing of the skin in front of the udder of the cow.

Perhaps the stress reducing effects induced by stroking or touching of the skin represents a more original and primitive stress regulating mechanism than does the one involving the HPA axis.

In conclusion, feeding increases oxytocin release in response to milking and decreases ACTH levels. Abdominal brushing did not influence these variables, but decreased cortisol levels. These data demonstrate that activation of afferent vagal nerve fibres and of cutaneous sensory nerves, originating from the abdominal skin in front of the udder, influence milking related hormone release differently, perhaps by activating different populations of oxytocin neurons in the SON and PVN.
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Age IES totals score
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Al (n = 41) CTRL (n = 13) OTiv(n=5)

Duration of specific pre- and feeding behaviors (seconds and minutes) Median Q25 Q75 Median Qg5 Qrs Median Qg5 Q75
Rooting movements 17.4 5 293 211 127 36.3 21 8.9 39.3
Hand-to-mouth movements 0 0 4.5 0 0 28 0 0 17.6
Hand-to-breast-to-mouth movements 0 0 0.5 0 0 0 0 0 0
Licking of the nipple 2.2 0 15.6 0 0 10.1 8.7 2.4 14.6
Pressing on maternal breast 0 0 0.4 0 0 0.5 0 0 0
All pre-feeding behaviors (minutes) 2.4 0.7 8 1.8 0.5 7 2.6 1.4 9.4
Duration of first sucking period (minutes) 10 42 173 8.9 5.4 20 13.5 5.4 19.2
OTim (n=8) EDA without OT (n = 5) EDA with OT (n = 9)
Duration of specific pre- and feeding behaviors (seconds and minutes) Median Q25 Q75 Median Qg5 Qrs Median Qg5 Q7s
Rooting movements 17.5 42 266 101 5.7 29.4 9.5 0 27.3
Hand-to-mouth movements 17 0 122 0 0 0 0 0 4.7
Hand-to-breast-to-mouth movements 0.5 0 1.6 0 0 0 0 0 2
Licking of the nipple 8.3 0.6 251 14 6.1 29.1 0 0 4.2
Pressing on maternal breast 0.0 0 0.4 0 0 3.1 0 0 1.4
All pre-feeding behaviors (minutes) 1.0 05 6 3 1.5 85 4.9 0.4 13

Duration of first sucking period (minutes) 8.6 6.9 13.7 10 1.8 11.3 1.7 0 23.8
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All (n = 41) CTRL (n = 13) OTiv(n=5)
IBFAT subscale scores and total scores Median Qo5 Q75 Median Qo5 Q75 Median Qo5 Qrs
Readiness to feed 3 2 3 3 2 3 3 2 3
Rooting 2 1 2 2 1.5 2.5 2 1 2
Latch-on 3 2 3 3 3 3 15 3
Sucking pattern 3 1 3 3 2 3 2 15 3
Total 10 7 11 10 11 10 7 10
OTim (n=8) EDA without OT (n = 5) EDA with OT (n = 10)
IBFAT subscale scores and total scores Median Qo5 Q7s Median Qo5 Q75 Median Qo5 Qrs
Readiness to feed 3 23 3 2 15 3 2.5 0.8 3
Rooting 2 1.3 2.8 1 1 15 1 0 2
Latch-on 3 23 3 2 2 25 2 0 3
Sucking pattern 3 1.3 3 2 1 25 3 0 3
Total 10.5 8.5 11 8 6 8.5 9 0.8 11
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(A) Mean oxytocin 0-60 min

(B) Variance of oxytocin 0-7.5 min

Predictors DF x2 p-value X2 p-value
Medical interventions 4 11.61 0.02 3.76 0.44
Number of breastfeeds since birth 1 2.056 0.15 1.64 0.20
IBFAT rooting score 3 6.67 0.08 3.6 0.31
% of weight loss 1 5.79 0.07 5.1 0.02
Duration of sucking period 1 4.49 0.03 0.32 0.57

Bold values indicate significant differences (p < 0.05).
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(A) Mean oxytocin 0-60 min

(B) Variance of oxytocin 0-7.5 min

Predictors DF A p-value ¥ p-value
Number of breastfeeds 1 26.28 0.0001 0.67 0.41
IBFAT rooting score 2 4.91 0.09 3.43 0.18
% of weight loss 1 22.81 0.0001 6.35 0.012
Duration of first sucking period 1 2.26 0.13 0.74 0.39

Bold values indicate significant differences (p < 0.05).
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Behavioral domains

Scores

3

2

1

0

Readiness to feed

Rooting

Latch on
Sucking pattern

The baby started to feed readily
without effort

Roots effectively at once

Feeds immediately
Sucked well on both breasts

Cannot be aroused

Needs some coaxing,
prompting, or encouragement
Takes 3-10 min to start
Sucks on and off, but needed
encouragement

Needed more vigorous
stimulation to rouse and start to
feed

Rooted poorly, even with
coaxing

Takes over 10 min to start
Weak sucks, sucks on and off
for short periods

Could not be aroused

Did not try to root

Did not feed
Did not suck

According to the Infant Breastfeeding Assessment Tool (IBFAT), breastfeeding was considered as effective at scores 10-12, moderately effective at scores 7-9, and less

effective at scores 0-6.

*Developing an instrument to assess infant breastfeeding behavior in the early neonatal period (Matthews, 1988).
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All (n = 41) CTRL (n = 13) OTiv(n=5)

Median Qo5 Q75 Median Qo5 Q75 Median Qo5 Qrs
Maternal age (years) 30 275 325 31 27 33 320 28.0 33.0
Duration of labor (hours:minutes) 11:19 7:01 14:06 8:48 7:01 14:00 12:42 11:37 18:52
Bleeding (ml) 400 335 540 380 300 500 375.0 350.0 400.0
Use of N20 (yes/no) 30/11 5/8 5/0
Acupuncture (yes/no) 12/29 3/10 1/4
Number of boys/girls 20/21 7/6 2/3
Birth weight (g) 3667.5  3231.3 4010 3500 3216.3 3811.3 4030 3055 4152.5
Infant weight loss (%) from birth until the observed breastfeed —-3.4 -53 —2.7 —-3.3 —4 —-1.6 -53 —6.2 -3.9
Infant age at observed breastfeed (hours) 36 30 40 30 25 36 36 345 45
Number of breastfeeds since birth 7 ! 8 7 4 10 6 ] 11.5
OT im (n = 8) EDA without OT (n = 5) EDA with OT (n = 10)
Median Qo5 Q75 Median Qo5 Qrs Median Qo5 Q75
Maternal age (years) 27.5 255 29 31 26.0 315 31.0 29.8 34.3
Duration of labor (hours:minutes) 9:04 5:37 11:54 14:06 4:37 28:46 10:56 8:05 13:34
Bleeding (ml) 460 325 787.5 500 275 655 440 387.5 797.5
Use of N20 (yes/no) I 41 91
Acupuncture (yes/no) 1/7 2/3 5/5
Number of boys/girls 4/4 2/3 6/4
Birth weight (g) 3980 3700 4236.3 3215 3177.5 4065 3685 3332.5 3776.8
Infant weight loss (%) from birth until observed breastfeed —-3.6 —6.7 —2.2 —4 -7.9 -0.7 -3.3 —5.1 -3.1
Infant age at observed breastfeed (hours) 325 22 41.5 33 30.5 47 38 32.5 43.3

Number of breastfeeds since birth 55 4 8.8 6 4 8.5 7.5 5 10.5
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Function

Negative inotropy and chronotropy.

Inhibition of CMC hypertrophy.

Glucose uptake in CMC.

OT preconditioning in ischemia and
reperfusion.

OT postconditioning in ischemia
reperfusion.

OT treatment in simulated ischemia
reperfusion.

Chronic OT treatment.

CMC co-culture with OT
preconditioned rat MC. Treatment with
OT conditioned MC. Treatment with OT
conditioned MC. isolated from
STZ-induced diabetic rats.

OT treatment of rats before heterotopic
heart transplantation.

Target

Isolated dog right atria. Isolated,
perfused rat heart.

Rodent CMC in culture stimulated by
endothelin-1.

Primary cultures of neonatal rat CMC.

Anesthetized rats. Isolated perfused rat
heart. Anesthetized rabbits.
Anesthetized rats.

Infarcted rabbits. Isolated perfused rat
heart.

HIC2 cardiomyoblasts.

Infarcted rats. Ischemia and reperfusion
of isolated, perfused rat heart. Infarcted
porcine.

Rat newborn CMC exposed to
ischemia reperfusion.
Ischemia/reperfusion in rats.
Ischemia/reperfusion in rat.

Rat hearts exposed to ischemia
reperfusion during transplantation.

Mechanism

Activation intrinsic cardiac cholinergic
neurons and NO. ANP-releasing action
of OT.

¢GMP, calcium-calmodulin kinase
kinase and AMP-activated protein
kinase pathway, Akt phosphorylation
and NFAT.

NO and PI3K, Ca-CAMKK and AMPK
pathways.

Cardioprotection was blocked by ANP
inhibitor, anantin. Cardioprotection was
reduced in the absence of negative
inotropy and chronotropy.
Cardioprotection was blocked by OTR,
mitochondrial Katp channels and NO.
Cardioprotection was blocked by
inhibitors of the mitoKATP channel, and
an mPTP opener.

Infarct reduction, improvement cardiac
functional parameters, expression of
cardioprotective genes. OT
dose-dependent reduction in infarct
size. Cardioprotection reduced by
PI3K/Akt, ERK1/2 inhibitors and
Atosiban. Involvement SAFE pathway in
cardioprotection.

OT treatment most effective in early
reperfusion. Activation of ERK1/2,
Pi3K/Akt, and eNOS with rapid NO
release. OTR trafficking to mitochondria
in signalosomes.

Reduction of inflammation and
apoptosis in infarcted and remote
myocardium; improved heart function.
Functional and structural
cardioprotection, activation p38-MAPK,
ANP, HSP27 and Akt kinase pathways.
No significant effects of treatment on
structural and functional cardiac
parameters.

Inhibition of apoptosis with secretion of
factors associated with angiogenesis
and anti-cardiac remodeling.
Improvement of structural and
functional cardiac parameters.
Reduction in angiogenic capacity and
therapeutic potential of diabetic MC
were restored by OT treatment.
Downregulation of the inflammatory
response, ROS and
neutrophil-dependent apoptosis.
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Time, min -15 -1 0 1 2 3 4 5 6 7 8 10 12 14 16 30 60 SE

Oxytocin, feed 185 223 3.65 3.90 385 3.95% 3.86 371 353 341 331 292 286 283 252 206 203 0.08
Oxytocin, nofeed  1.93 1.97 3.26 3.64 340 348 350 346 334 333 318 3.05 263 266 240 2.02 1.89 0.09
Oxytocin, brush 1.89 202 3.15 3.71 370 366 3.68 349 347 339 827 303 261 273 238 210 1.97  0.08
Oxytocin, no brush  1.88 2.17  38.77 3.83 355 377 375 367 339 335 323 294 288 282 254 1.98 1.94 0.08

ACTH feed 093 096 1.148 118 1128 1078 1.058 1.04% 102 1.02 1.03 098 09 097 095 091 082 005
ACTH no feed 098 1.05 121P 124 1222 {1182 113> 141 110 1.04 109 106 1.04 102 103 098 092 005
ACTH brush 095 100 119 122 115 109 1.07 1.08  1.05 1.04 1.04 1.00 099 098 099 095 088 0.05
ACTH no brush 096 100 115 119 119 113  1.10 1.07 107 1.02 1.07 1.083 1.00 1.01 098 093 085 0.05
Cortisol feed 000 0.00 -0.11 -047 -035 -0.19 -007 026 025 051 038 048 052 021 038 -012 -0.31 022
Cortisol no feed 022 0.12 -0.09 003 -008 000 005 012 035 045 068 071 064 047 050 023 -023 023
Cortisol brush 007 0.03 -0.33 -0552 -047 -0.34 -023 -008 007 036 044 0272 038 0.06% 0.33 -007 -047 0.22

Cortisolnobrush ~ 0.16 0.09 0.14 0.09® 004 015 022 047° 054 060 093 0.79° 064 053° 053 0.7 -0.08 023

Statistical analyses were performed within hormones and between the treatments feed no feed; brush no brush. Means within respective hormones and between feeding
no feeding or brushing no brushing with different letters are significantly different (P < 0.05).
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Fruit trees

Arbor

The pond

Water liies

Butterfles

Greenery

Lea

Scent of grass

The fragrance of spring

Spring flowers such as wood anemone and blue anemone
Early summer flowers such as lly of the valley and primrose
Midsummer flowers such as poppy, marguerite, and corn flower
Late summer flowers such as tansy and willow herb

Forest blossoms such as arctic starflower, wood sorrel, and
twinflower

The fragrancy of flowers

The garden of enjoyment and delight, with hammock...
Bird song

Bird's nest/bird house

Bird table

Bird bath

Tree avenue

Line of pollarded willows

Bridge

Charnel

Boathouse

The litle harbor

Jetty

Scent of sea
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Pre-feeding behaviors

Rooting movements

Hand-to-mouth movements
Hand-to-breast-to-mouth movements
Licking of the nipple

Pressing on maternal breast

Definitions

The infant moves/lifts his/her head, turns it from side to side without having the nipple inside the mouth

The infant finger(s) is/are inside his/her mouth or touch(es) his/her lips

The infant hand touches the breast/areola and brings his/her hand back to its own mouth

The infant lips and/or the tongue are in contact with the nipple

The infant uses the palm of his/her hand and/or his/her fist to press on the mother’s breast, just before onset of sucking
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Variable Continuous support Standard care p-value

n=30 n=29
Age, years (mean  SD) 27444 30£57 020°
BMI, kg/m? (mean = SD) 24437 23+£37 0.18
Gest age, weeks = days (mean) 403 401 056°
Labor analgesia
- EDA, n (%) 23(77) 26/(90) 0.42°
- EDA doses, n (mean = SD) 3732 51£39 0.1¢*
~ Nitrous oxide, n (%) 18 (60) 22(76) 0.42°
~ Combined methods, n (%) 9(30) 4(14) 0,04
Labor augmentation with oxytocin, n (%) 23(79) 26/(90) 0.48°
Bleeding, mL (mean  SD) 449 £ 310 426215 0.66°
Active labor, hours (mean  SD) 11.0£57 187 +£39 00012
- First stage, hours (mean  SD) 9743 1138 035°
- Second stage, hours (mean  SD) 23414 26+15 0522
Delivery mode, n (%) 0.19°
- Spontaneous 22(73) 18 (62)
- Instrumental 7(3) 74
~ Cesarean 1) 4(14)
Satisfaction with delivery, n (%) 28(93) 27/(99) 0612
VAS, mm (mean  SD) 77420 78£21

Statistical methodis Mann Whitney U-test and General Linear Model when appropriate and ®One Way ANOVA.
BMI, body mass index; EDA, epidural analgesia; Gest age, gestational age at chidbirth; Nitrous oxide, inhalation of  mixture of oxygen/nitrous oxide (50/50%); SD, standard deviation;
VAS, visual analog scale.
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Variable

S-cortisol nmol/L, mean + SD
First stage of active labor, n (%)

- Correlation to duration of 1st stage
— Correlation to duration of 2nd stage
Second stage of labor, n (%)

~ Correlation to duration of 1 stage
- Correlation to duration of 2nd stage
Third stage of labor, n (%)

- Correlation to duration of 1t stage
~ Correfation to duration of 2nd stage

Continuous support
n=30

n=27(0)
1199 & 482

n=23(17)
1301 £ 614

n=24(80)
1278+ 413

aStatistical methods Mann Whithey U-test and ®General Linear Model.

Standard care
n=29

n=22(6)
1368 + 503

n=14(48
1378 £ 682

n=16(5)
1426 + 533

p-value

0.28*

0.02°
0.59°
0.722

0.04°
0.93°
0.30*

0.147°
0.68°
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Variable Continuous support

n=30
Birth weight, g (mean = SD) 3,617 + 567
Apgar score at 5 min, points (mean + SD) 98£05
Apgar <7 at 5min, n (%) 0
BE(a) <-10 mmol/L, n (%) 0
NICU admission, n (%) 0

Statistical method Mann Whitney U-test.
BE(a), base excess umbilical artery; NICU, Neonatal Intensive Care Unit.

Standard care
n=29

3,424 + 495
98+04
0
0
[

p-value

051
0.85
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Implicated
regions
and
systems

Effects
of touch
in rodents

Related
effects in
humans

Possible
developmental
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Somatosensory
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Autonomic
regulation

Immune
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bonding

5<1.NT A
WP

Social
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Increased
connectivity within ST,
refined cortical and
callosal connections

Greater hemispheric
maturation and
functional
connectivity

Improved sensory
processing and
cognitive function

Blunted fear and
stress responses,
epigenetic alterations
to HPA axis

Lower stress
reactivity, heightened
parasympathetic
activity

Adaptive regulation
of stress and
arousal

Altered microbiome,
decreased
hippocampal
inflammation

Decreased risk of
infection, activation of
natural killer cells

Lower risk of
mental and
physical illness

Hypothalamic
oxytocin release,
greater maternal

behaviour later in life

Enhanced maternal
interactions,
strengthened

mother-infant bond

Development of
social behaviour and
secure attachment

Altered limbic
structure and function,
regulation of dopamine

and opioid systems

Maturation of social
brain, regulation of
dopamine release and
opioid receptor
distribution

Regulation of
reward-seeking
behaviour and
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Brain region

Real social > imagined social

R. postcentral gyrus 816
L. postcentral gyrus

R. precentral

R. supplementary motor area

L. paracentral lobule

R. cerebellum anterior lobe 378
L. cerebellum anterior lobe

R. inferior parietal lobule 18

Real machine > imagined machine

R. cerebellum anterior lobe 7796
L. cerebellum anterior lobe

R. postcentral gyrus 508
L. precuneus

R. superior parietal gyrus

R. supplementary motor area

L. paracentral lobule

Voxels Peak-t value

13.02
10.95
8.45
8.04
7.81
9.59
8.64
4.49

13.59
12.45
10.07
8.58
6.64
5.99
5.68

X y
12 —42
—156 —42
9 -21
3 -21
-3 -36
18 -39
—-156 -39
48 —30
18 —-36
—21 36
15 —45
—-12 -51
21 54
9 -9
-6 =27

75
75
75
69
66
27
27
21

27
-30
78
78
75
78
78

Pepr < 0.025, voxels > 10. L indicates left; R indicates right.
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Brain region Voxels Peak-tvalue x y

Combined social > rest control

L. paracentral lobule 1350
R. postcentral gyrus

L. paracentral lobule

R. supplementary motor area

L. inferior parietal lobule

L. cerebellum anterior lobe 441
R. cerebellum anterior lobe

L. precentral gyrus/supramarginal gyrus 18
L. superior temporal sulcus 16
R. postcentral gyrus 30
L. lingual gyrus 22

Combined machine > rest control

R. postcentral gyrus 2026
L. precuneus

L. paracentral lobule

L. cerebellum anterior lobe 5336
R. cerebellum anterior lobe

L. fusiform gyrus

L. cerebellum 13
Combined social > combined machine

L. middle frontal gyrus 24375
L. middle frontal gyrus

R. dorsal lateral prefrontal cortex

L. anterior cingulate cortex

L. anterior insula

L. orbitofrontal cortex

R. superior temporal sulcus

R. cerebellum 17

12.06
11.00
10.83
8.75
5.43
9.99
8.50
4.39
4.39
4.10
3.84

10.37
9.05
8.92

10.02
9.06
5.97
3.20

6.56
5.94
5.70
4.94
3.75
3.69
3.19
4.52

Pepr < 0.025, voxels > 10. L indicates left; R indicates right.

-3 —36
18 —42
—-12 -39
6 21
—42 —45
—-15 -39
18 -39
—60 —21
—60 3
54 21
—-12 —93
12 -33
-9 —42
-9 =30
—21 -33
21 -33
—24 0
—24 —81
—27 54
—48 42
3 57
-6 30
—-33 6
-9 36
42 —45
36 —87

63
69
72
66
60
-27
-27
42
3
39
—-12

75

72

75
—33
-30
-39
—21

27
21
27
21
15
—24
15
—42
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Brain region voxels Peak-tvalue x y z

R. dorsal anterior cingulate cortex 13644 5.09 3 33 24
R. cerebellum anterior lobe 4.71 6 —-42 -6
L. inferior frontal gyrus 4.43 —54 36 3
L. inferior parietal lobule 4.36 —45 -36 27
R. superior temporal sulcus 4.32 42 45 9
R. dorsal striatum 4.31 21 18 18
L. middle occipital gyrus 4.28 -36 -72 15
L. dorsal striatum 4.26 -21 -9 6
L. thalamus 4.21 —-12 -6 6
R. midbrain/ventral tegmentum 4.20 12 —-18 —-12
L. precuneus 417 -21 —-69 39
L. thalamus 413 -18 —-18 12
R. dorsal striatum 4.10 15 3 9
L. midbrain/ventral tegmentum 4.09 -12 -21 -9
R. posterior cingulate cortex 4.08 12 -39 27
L. inferior occipital gyrus 4.08 -39 -63 -6
L. superior temporal sulcus 4.07 -39 -39 3
R. precuneus 4.01 27 —-63 33
R. inferior orbital frontal cortex 3.90 57 21 -6
R. hippocampus 3.85 33 -36 -3
L. fusiform gyrus 3.84 -27 -51 —-15
R. medial prefrontal gyrus 3.80 9 51 15
R. middle frontal gyrus 3.76 39 39 9
R. superior orbital frontal cortex 3.76 21 60 6
R. superior temporal sulcus 3.68 63 6 —6
R. dorsal striatum 3.68 15 18 0
R. middle frontal gyrus 3.63 33 -6 48
R. dorsal medial prefrontal gyrus 3.61 12 18 48
L. anterior insula 3.66 —-36 24 6
L. middle frontal gyrus 3.51 -27 -6 51
L. postcentral gyrus 3.51 -36 -18 27
L. posterior insula 3.48 -36 -18 -3
L. middle insula 3.39 -36 3 -3
R. fusiform gyrus 3.32 33 -54 -18
L. cuneus 3.26 -18 -87 3
R. middle temporal gyrus 3.23 57 —-15 -6
L. middle temporal gyrus 3.22 -51 —-60 3
R. amygdala 3.07 24 -3 -15
L. precentral gyrus 216 3.79 -39 —-12 51
L. middle frontal gyrus 3.51 -27 -6 51
R. postcentral gyrus 88 3.42 21 42 51

All with a Pepr < 0.025 threshold and cluster > 10 voxels. L indicates left; R
indlicates right.
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Variable number ~ Object

49 The cycle of the seasons

249 The sounds of the succession of the seasons, stich as
water dripping from icicles

76 Dew

77 Frost

256 Rippiing water

69 The silent rain

236 The scent after rain

250 The sounds of the wind

251 The sough of the wind in the trees

254 The murmur of waves

107 Leafing

239 Scent of deciduous forest

238 Scent of coniferous forest

54 Bumblebees

260 Buzz from bumblebees and bees

108 Autumn leaves

248 Scent of autumn

210 The plowed field

240 Scent of soil

110 Plants at the seashore such as lyme grass and seaweed

109 Plants at the lake shore such as cotton grass, sedges, and
horsetail

242 Scent of lake

229 Fishnet

112 Reed

252 Sough in the bulrush

241 Scent of mire

121 Ferns

153 Dragonfies

17 The old rock

19 Bare bedrock, outcrop

18 Boulder

20 Big rocks

122 Moss

123 Lichens
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Variable number

219

Object

Grove

Pasture

Oat field

Barley field

Flax field

Rye field

Wheat field

Headland (field-edge)

“Field-holm’” - a non-arable outcrop or smallinsular area
inside a field

Hay meadow

Newly mown hay

Hay rack

Caim

Dry-stone fence, low stonewall

Roundpole fence

Grazing pasture

Country lane (wheel track with green in the middie)
Forest path

Shieling

Uity garden (orchard and kitchen garden)
Warden tree

The unusual tree

The big, old tree
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Variable number

127
128
258
137
257
146
140
141
145

Object

Large mammals, like roe deer and elk
‘Small mammals like squirrel, hare, and hedgehog
The sound of animals

‘Small birds

Rustle from small birds and animals
Chafinch

Lark

Nightingale

House sparrow

Swallows

Wagtail

Blackbird

Starling

Winter birds like bullinch and great tit
Woodpecker

Crane

Ducks

Cuckoo

Birds of prey

owl
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Variable number Object

63 The storm/hurricane
81 The snowstorm

62 Strong gusts

7 The full day rain

70 The heavy rain

82 The hailstorm

64 The thunderstorm
75 The thick fog

60 Snakes
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Variable number

176
262
175
174
173
172
179
203
24
5
233
235
231
230
232
14
15
255

253

Object

The campfire

The sound of a fire

The cave

The hut/cubbyhole

The rin

The deserted house

The deserted wild garden
The climbing tree

The mountain

The cliff beach

The sail boat

The fishing boat

The canoe/kayak

The raft

The rowboat

The river

The rapid

The torrential stream

The wid sea

The roaring sound from the wild sea
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Variable number Object

166 The palace/mansion
52 Sunshine

53 Sunrise

54 Sunset

51 The clear blue sky

3 The sandy beach

8 The rainbow

61 The breeze

2 The calm sea

6 The archipelago

234 The motor boat

208 The barbed wire fence
164 Growds of people
190 The new raiiroad

188 The new road
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Variable number Object

185 Nature trail with caims
28 The roling countryside
187 Old country road

189 Old railroad

184 “The hiking route

29 The plain

26 The hill

27 The ridge

45 Oak forest

43 Beech forest

44 Birch forest

42 Alder forest

40 Mixed forest

4 Mixed deciduous forest
35 The spinney

36 The forest edge

89 Oak

% Rowan

98 Bird cherry tree

% Maple

% Alder

9 Eim

o Aspen

% Lime-tree

91 Ash-tree

97 Birch

47 Timber stack

48 Branches on the ground
101 Shrubbery

46 Juniper forest

30 Heather mooriand

4 Shore meadow

12 Brook

13 Creek
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Number of
clusters

Merged
clusters

Cl22-Ci30
Cl27-Ci29
CI16-Ci20
CI25-CI113
ci33-Cit3
Ci31-C160
ong-ci7
CH4-Ci26
Ci12-Ci8
ci7-cl21
CI9-CI53
Cl6-CI15
cio-cit1
Cl5-CI3
ol2-Cl4

SRsQ

0.0108
00116
00120
00122
00131
00170
0.0199
0.0202
0.0227
0.0274
0.0334
0.0381
0.0485
0.0744
0.2067

RMSSTD

0.0738
0.0725
0.0870
0.0694
0.0880
0.0941

0.0844
0.0752
0.0777
0.0796
0.0919
0.0830
0.1001

0.1055
0.1066

PSF

PST2

7.0

52
95
55
86
102
12.9
127
145
15.0
185
18.1
23.7
76.5
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Variable number Object

168 The croft/cottage

169 The stable and byre
170 The bam

167 The fam

198 Farm animals like chickens, sheep, horse, and cow
50 The sky

60 The horizon

55 The starry sky

56 The mooniight

57 The full moon

58 The crescent

59 The northern lights

78 Snowfall

237 The scent ater snowfall
7 The snowy landscape
80 Snow on trees and branches
263 Complete silence

65 Small clouds

191 The verge of the road
21 Stones - less than a fist
22 Small picked stones
209 The ditch

23 The bare ground

204 The allotment

88 The young tree

33 The young forest

200 The park

165 The cemetery

136 The pigeon

150 The swan

31 The deep forest

a2 The old-growth forest
33 The primeval forest

34 The mountain forest

2 The alpine mountains, the field
a7 The coniferous forest
39 The pine forest

38 The spruce forest

99 The pine

100 The spruce

113 Berries

114 Blueberry

115 Lingonberry

116 Wild strawberries.

118 Mushrooms

119 Chanterelle

8 The forest lake

7 The big lake

9 The flatiand lake

62 Fish

63 Snail
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Variable number Object

87 The dead standing tree
8 The big fallen tree

120 Death cap

67 Rain clouds

72 Cloudburst

66 The dramatic clouds.

73 Misty vapor

74 Haze

10 Tam

1 Marsh, swamp, and bog
124 Wolf

125 Bear

126 Predator (iynx, wolverine, brock, and fox)
133 Raven

134 Magpie

135 Grow/rook

129 Bat

161 Frog

55 Wasps

58 Ants/anthill

56 Bees

57 Beetles

59 Spiders/spider-webs
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Mother variables Skin-to-skin contact group Control group

Ageinyears” M 317(sD=59) M=283(SD=42)
SES M=49.7(SD=11.1)
Education M=31(SD=09)

1 = without high school diploma
2 = high school diploma only

3 = some university/post-secondary education

4 = university degree

Number of other children M=1.1(8D=07) M=12(SD=07)
1= no previous child

2 =1 previous child

3 =2 or more previous chidren

Racefethnicity 100% non-Hispanic White 98% non-Hispanic White, 2% Asian
Sex 48% male 48% male

Bith weight in grams M=3640.9(SD = 439.4) M =3,6087 (SD = 593.3)
Birth length in centimeters M=525(SD=25)

Apgar at 5 min M=98(SD

Infants’ first week’
Infants’ weeks 2 through 4°

*SSC and control groups were significantly different (o < 0.01).
‘Socio-economic status (SES) scores of the mother or her partner, whoever had the higher score, on a Canadian index (Blishen ot 2L, 1987). Table adapted from Bigelow et al.
(2012, p. 376). Copyright © 2012 with permission from AWHONN, Association of Women's Health, Obstetric, and Neonatal Nurses.
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Variable Gender AOXT  AStress AWell-being ACloseness
AStress F 0.02
M -0.20
AWell-being  F 0.01 —0.30"
M 0.11 -0.20
ACloseness F 0.02 —0.33* 0.23
M —0.13 —0.16 —0.01

*o < 0.05.





