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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.



AUTHOR CONTRIBUTIONS

AP conceptualized the main idea. AP, EP, AG-G, and DTB drafted the manuscript. AP and DTB revised it critically. All authors approved the final version.



ACKNOWLEDGMENTS

We would like to deeply thank the Editor and the Reviewers for their insightful comments and the improvement they gave to the manuscript during the review process.



REFERENCES

 Anacker, A. M. J., and Beery, A. K. (2013). Life in groups: the roles of oxytocin in mammalian sociality. Front. Behav. Neurosci. 7:185. doi: 10.3389/fnbeh.2013.00185

 Bar-Kalifa, E., Prinz, J. N., Atzil-Slonim, D., Rubel, J. A., Lutz, W., and Rafaeli, E. (2019). Physiological synchrony and therapeutic alliance in an imagery-based treatment. J. Couns. Psychol. 66, 508–517. doi: 10.1037/cou0000358

 Bartz, J. A., Zaki, J., Bolger, N., and Ochsner, K. N. (2011). Social effects of oxytocin in humans: context and person matter. Trends Cogn. Sci. 15, 301–309. doi: 10.1016/j.tics.2011.05.002

 Benarroch, E. E. (1993). The central autonomic network: functional organization, dysfunction, and perspective. Mayo Clin. Proc. 68, 988–1001. doi: 10.1016/S0025-6196(12)62272-1

 Benarroch, E. E. (2012). “Central autonomic control,” in Primer on the Autonomic Nervous System, eds D. Robertson, I. Biaggioni, and P. A. Low (Oxford: Elsevier Inc.), 9–12. doi: 10.1016/B978-0-12-386525-0.00002-0

 Bernaerts, S., Prinsen, J., Berra, E., Bosmans, G., Steyaert, J., and Alaerts, K. (2017). Long-term oxytocin administration enhances the experience of attachment. Psychoneuroendocrinology 78, 1–9. doi: 10.1016/j.psyneuen.2017.01.010

 Bryant, R. A., Hung, L., Guastella, A. J., and Mitchell, P. B. (2012). Oxytocin as a moderator of hypnotizability. Psychoneuroendocrinology 37, 162–166. doi: 10.1016/j.psyneuen.2011.05.010

 Cacioppo, J. T., Tassinary, L. G., and Berntson, G. (2016). Handbook of Psychophysiology, 4th Edn. Cambridge: Cambridge University Press. doi: 10.1017/9781107415782

 Cacioppo, S., Juan, E., and Monteleone, G. (2017). Predicting intentions of a familiar significant other beyond the mirror neuron system. Front. Behav. Neurosci. 11:155. doi: 10.3389/fnbeh.2017.00155

 Chen, F. S., Barth, M. E., Johnson, S. L., Gotlib, I. H., and Johnson, S. C. (2011). Oxytocin receptor (OXTR) polymorphisms and attachment in human infants. Front. Psychol. 2:200. doi: 10.3389/fpsyg.2011.00200

 DeWall, C. N., Gillath, O., Pressman, S. D., Black, L. L., Bartz, J. A., Moskovitz, J., et al. (2014). When the love hormone leads to violence. Soc. Psychol. Personal. Sci. 5, 691–697. doi: 10.1177/1948550613516876

 Feldman, R. (2006). From biological rhythms to social rhythms: physiological precursors of mother-infant synchrony. Dev. Psychol. 42, 175–188. doi: 10.1037/0012-1649.42.1.175

 Feldman, R. (2020). What is resilience: an affiliative neuroscience approach. World Psychiatry 19, 132–150. doi: 10.1002/wps.20729

 Festante, F., Ferrari, P. F., Thorpe, S. G., Buchanan, R. W., and Fox, N. A. (2020). Intranasal oxytocin enhances EEG mu rhythm desynchronization during execution and observation of social action: an exploratory study. Psychoneuroendocrinology 111:104467. doi: 10.1016/j.psyneuen.2019.104467

 Geerling, J. C., Shin, J. W., Chimenti, P. C., and Loewy, A. D. (2010). Paraventricular hypothalamic nucleus: axonal projections to the brainstem. J. Comp. Neurol. 518, 1460–1499. doi: 10.1002/cne.22283

 Gennaro, A., Kleinbub, J. R., Mannarini, S., Salvatore, S., and Palmieri, A. (2019). Training in psychotherapy: a call for embodied and psychophysiological approaches. Res. Psychother. Psychopathol. Process Outcome 22, 333–343. doi: 10.4081/ripppo.2019.395

 Guastella, A. J., Howard, A. L., Dadds, M. R., Mitchell, P., and Carson, D. S. (2009). A randomized controlled trial of intranasal oxytocin as an adjunct to exposure therapy for social anxiety disorder. Psychoneuroendocrinology 34, 917–923. doi: 10.1016/j.psyneuen.2009.01.005

 Ham, J., and Tronick, E. (2009). Relational psychophysiology: lessons from mother–infant physiology research on dyadically expanded states of consciousness. Psychother. Res. 19, 619–632. doi: 10.1080/10503300802609672

 Hurlemann, R., Patin, A., Onur, O. A., Cohen, M. X., Baumgartner, T., Metzler, S., et al. (2010). Oxytocin enhances amygdala-dependent, socially reinforced learning and emotional empathy in humans. J. Neurosci. 30, 4999–5007. doi: 10.1523/JNEUROSCI.5538-09.2010

 Insel, T. R. (1997). A neurobiological basis of social attachment. Am. J. Psychiatry 154, 726–735. doi: 10.1176/ajp.154.6.726

 Kingsbury, L., Huang, S., Wang, J., Gu, K., Golshani, P., Wu, Y. E., et al. (2019). Correlated neural activity and encoding of behavior across brains of socially interacting animals. Cell 178, 429–446.e16. doi: 10.1016/j.cell.2019.05.022

 Kleinbub, J. R. (2017). State of the art of interpersonal physiology in psychotherapy: a systematic review. Front. Psychol. 8:2053. doi: 10.3389/fpsyg.2017.02053

 Kleinbub, J. R. (2019). DyadSync: An R Package for Interpersonal Physiology Analysis. Available online at: https://github.com/kleinbub/DyadSync (accessed June 16, 2021).

 Kleinbub, J. R., Mannarini, S., and Palmieri, A. (2020a). Interpersonal biofeedback in psychodynamic psychotherapy. Front. Psychol. 11:1655. doi: 10.3389/fpsyg.2020.01655

 Kleinbub, J. R., Palmieri, A., Orsucci, F. F., Andreassi, S., Musmeci, N., Benelli, E., et al. (2019). Measuring empathy: a statistical physics grounded approach. Phys. A Stat. Mech. its Appl. 526:120979. doi: 10.1016/j.physa.2019.04.215

 Kleinbub, J. R., Talia, A., and Palmieri, A. (2020b). Physiological synchronization in the clinical process: a research primer. J. Couns. Psychol. 67, 420–437. doi: 10.1037/cou0000383

 Maejima, Y., Kato, S., Horita, S., Ueta, Y., Takenoshita, S., Kobayashi, K., et al. (2019). The hypothalamus to brainstem circuit suppresses late-onset body weight gain. Sci. Rep. 9, 1–13. doi: 10.1038/s41598-019-54870-z

 Marci, C. D., Ham, J., Moran, E., and Orr, S. P. (2007). Physiologic correlates of perceived therapist empathy and social-emotional process during psychotherapy. J. Nerv. Ment. Dis. 195, 103–111. doi: 10.1097/01.nmd.0000253731.71025.fc

 Messina, I., Palmieri, A., Sambin, M., Kleinbub, J. R., Calvo, V., Messina, I., et al. (2013). Somatic underpinnings of perceived empathy: the importance of psychotherapy training. Psychother. Res. 23, 169–177. doi: 10.1080/10503307.2012.748940

 Olff, M., Frijling, J. L., Kubzansky, L. D., Bradley, B., Ellenbogen, M. A., Cardoso, C., et al. (2013). The role of oxytocin in social bonding, stress regulation and mental health: an update on the moderating effects of context and interindividual differences. Psychoneuroendocrinology 38, 1883–1894. doi: 10.1016/j.psyneuen.2013.06.019

 Palmieri, A., Kleinbub, J. R., Calvo, V., Benelli, E., Messina, I., Sambin, M., et al. (2018). Attachment-security prime effect on skin-conductance synchronization in psychotherapists: an empirical study. J. Couns. Psychol. 65, 490–499. doi: 10.1037/cou0000273

 Palumbo, R. V., Marraccini, M. E., Weyandt, L. L., Wilder-Smith, O., McGee, H. A., Liu, S., et al. (2017). Interpersonal autonomic physiology: a systematic review of the literature. Personal. Soc. Psychol. Rev. 21, 99–141. doi: 10.1177/1088868316628405

 Ramachandran, V., Depalma, N., and Lisiewski, S. (2009). The role of mirror neurons in processing vocal emotions: Evidence from psychophysiological data. Int. J. Neurosci. 119, 681–691. doi: 10.1080/00207450802572188

 Ramseyer, F., Ebert, A., Roser, P., Edel, M., Tschacher, W., and Brüne, M. (2020). Exploring nonverbal synchrony in borderline personality disorder: a double-blind placebo-controlled study using oxytocin. Br. J. Clin. Psychol. 59, 186–207. doi: 10.1111/bjc.12240

 Ramseyer, F. T., and Tschacher, W. (2014). Nonverbal synchrony of head- and body-movement in psychotherapy: different signals have different associations with outcome. Front. Psychol. 5:979. doi: 10.3389/fpsyg.2014.00979

 Shamay-Tsoory, S. G., and Abu-Akel, A. (2016). The social salience hypothesis of oxytocin. Biol. Psychiatry 79, 194–202. doi: 10.1016/j.biopsych.2015.07.020

 Smith, K. E., Porges, E. C., Norman, G. J., Connelly, J. J., and Decety, J. (2014). Oxytocin receptor gene variation predicts empathic concern and autonomic arousal while perceiving harm to others. Soc. Neurosci. 9, 1–9. doi: 10.1080/17470919.2013.863223

 Stoop, R., Hegoburu, C., and Van Den Burg, E. (2015). New opportunities in vasopressin and oxytocin research: a perspective from the amygdala. Annu. Rev. Neurosci. 38, 369–388. doi: 10.1146/annurev-neuro-071714-033904

 Timmons, A. C., Margolin, G., and Saxbe, D. E. (2015). Physiological linkage in couples and its implications for individual and interpersonal functioning: a literature review. J. Fam. Psychol. 29, 720–731. doi: 10.1037/fam0000115

 Tracy, L. M., Gibson, S. J., Labuschagne, I., Georgiou-Karistianis, N., and Giummarra, M. J. (2018). Intranasal oxytocin reduces heart rate variability during a mental arithmetic task: a randomised, double-blind, placebo-controlled cross-over study. Prog. Neuro-Psychopharmacology Biol. Psychiatry 81, 408–415. doi: 10.1016/j.pnpbp.2017.08.016

 Uvnäs-Moberg, K., Arn, I., and Magnusson, D. (2005). The psychobiology of emotion: the role of the oxytocinergic system. Int. J. Behav. Med. 12, 59–65. doi: 10.1207/s15327558ijbm1202_3

 Vanutelli, M. E., Gatti, L., Angioletti, L., and Balconi, M. (2017). Affective synchrony and autonomic coupling during cooperation: a hyperscanning study. Biomed Res. Int. 2017:3104564. doi: 10.1155/2017/3104564

 Zilcha-Mano, S., Shamay-Tsoory, S. G., Dolev-Amit, T., Zagoory-Sharon, O., and Feldman, R. (2020). Oxytocin as a biomarker of the formation of therapeutic alliance in psychotherapy and counseling psychology. J. Couns. Psychol. 67, 523–535. doi: 10.1037/cou0000386

Conflict of Interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

Copyright © 2021 Palmieri, Pick, Grossman-Giron and Tzur Bitan. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.



OPS/xhtml/Nav.xhtml




Contents





		Cover



		Oxytocin as the Neurobiological Basis of Synchronization: A Research Proposal in Psychotherapy Settings



		Introduction



		Oxytocin, Physiological Synchronization, and Affiliative Processes



		Oxytocin, Physiological Synchronization, and Aggression



		Physiological and Anatomical Bases of the Physiological Synchronization and Oxytocin System



		Physiological Synchronization and Oxytocin in Psychotherapy Settings







		Discussion



		Author Contributions



		Acknowledgments



		References

















OPS/images/cover.jpg
’ frontiers
in Psychology

Oxytocin as the Neurobiological
Basis of Synchronization: A Research
Proposal in Psychotherapy Settings





OPS/images/fpsyg-12-628011-g001.gif
(Ieracting imdnidun o whom one]
s eupothizing

Centntarss
involsed in
sutoncnic regultion

Hyporbalanic Oberlypoliuboic
SONIPN (e 1AG)

ACh.No (pre-nd pos
7) eanlionic tononic
o)

Evental physiologislsynclionizaionsih e

intetaing il









OPS/images/crossmark.jpg
©

2

i

|





OPS/images/logo.jpg
, frontiers
in Psychology





