

[image: image1]
Can Neuropeptide S Be an Indicator for Assessing Anxiety in Psychiatric Disorders?












	
	REVIEW
published: 26 April 2022
doi: 10.3389/fpubh.2022.872430






[image: image2]

Can Neuropeptide S Be an Indicator for Assessing Anxiety in Psychiatric Disorders?

Agnieszka Markiewicz-Gospodarek1*, Piotr Kuszta2, Jacek Baj1, Beata Dobrowolska3 and Renata Markiewicz4


1Department of Human Anatomy, Medical University of Lublin, Lublin, Poland

2Students Scientific Association at the Department of Human Anatomy, Medical University of Lublin, Lublin, Poland

3Department of Holistic Care and Management in Nursing, Medical University of Lublin, Lublin, Poland

4Department of Neurology, Neurological and Psychiatric Nursing, Medical University of Lublin, Lublin, Poland

Edited by:
Yuka Kotozaki, Iwate Medical University, Japan

Reviewed by:
Artur Palasz, Medical University of Silesia, Poland
 Rene Hurlemann, University of Oldenburg, Germany
 Aundrea Bartley, University of Alabama at Birmingham, United States

*Correspondence: Agnieszka Markiewicz-Gospodarek, agnieszmarkiewiczgospodarek@umlub.pl

Specialty section: This article was submitted to Public Mental Health, a section of the journal Frontiers in Public Health

Received: 09 February 2022
 Accepted: 29 March 2022
 Published: 26 April 2022

Citation: Markiewicz-Gospodarek A, Kuszta P, Baj J, Dobrowolska B and Markiewicz R (2022) Can Neuropeptide S Be an Indicator for Assessing Anxiety in Psychiatric Disorders? Front. Public Health 10:872430. doi: 10.3389/fpubh.2022.872430



Neuropeptide S (NPS) is a neuropeptide primarily produced within three brainstem regions including locus coeruleus, trigeminal nerve nucleus, and lateral parabrachial nucleus. NPS is involved in the central regulation of stress, fear, and cognitive integration. NPS is a mediator of behavior, seeking food, and the proliferation of new adipocytes in the setting of obesity. So far, current research of NPS is only limited to animal models; data regarding its functions in humans is still scarce. Animal studies showed that anxiety and appetite might be suppressed by the action of NPS. The discovery of this neuromodulator peptide is effective considering its strong anxiolytic action, which has the potential to be an interesting therapeutic option in treating neuropsychiatric disorders. In this article, we aimed to analyze the pharmaceutical properties of NPS as well as its influence on several neurophysiological aspects—modulation of behavior, association with obesity, as well as its potential application in rehabilitation and treatment of psychiatric disorders.
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INTRODUCTION

Most of us have negative associations with stress, although we can distinguish distress i.e., “bad stress” which is dangerous to health especially when it is very tense and frequent, and eustress i.e., “positive stress” leading to satisfaction without negative effects of its impact. It functions as a reaction to specific and general stimuli, which are commonly called stressors. Each stressor elicits unpleasant experiences, whose effect is discomfort, both physiological and psychological. A stressful situation in which an individual can find themselves leads to the activation of all possible systems with the goal of alleviating the uncomfortable situation.

The mobilization of an organism, as well as its adaptation, is dependent on many factors, among other personal and environmental conditions, as well as experiences accumulated over the course of one's life (1). The standard definition of stress divides it into two types, motivating or demotivating (2). Whereas, the effect of the former can lead to a positive outcome, a person activates one's own resources to act or for defense, the latter causes a negative effect, eliciting unpleasant and unwanted reactions, in which a person can lose control over rational behavior.

The model of cascading, chronologically linked reactions of an organism to stress has been long known. Most of these reactions involve the activation of various systems: neurohormonal, neuromodulating, and neurotransmission, all incorporated into the HPA (hypothalamic-pituitary-adrenocortical) axis (3).

The key goal of the cooperation of these systems is the restoration of balance, or homeostasis, to the organism. Of significant importance in this process are the recently discovered neuromodulating peptides, or neuropeptides, specifically neuropeptide S, as well as orexin (OX), nesfatin-1, spexin (SPX), and relaxin-3 (RLN-3) (4).

Considering that neuropeptide S (NPS) shows anxiolytic effects, it's worth closer examining its mechanism of function, as well as the possibilities of its use as a marker for levels of fear, anxiety and cognitive deficits, or those symptoms which most commonly dominate in persons with psychiatric disorders (5).

The analysis and verification of the thematic publications was based on the results of the research to date and a comprehensive review of PubMed and Scopus (as of 12/12/2021). Each article with the following key words likes neuropeptide-S, mental disorders, stress was included in the analysis. The use of keywords allowed for the narrowing of the information related to the analysis of the NPS level in mental disorders, which is the starting point for this publication. Since the undertaken topis are an innovative research issue, the scope of the current literature is not wide. Nevertheless, the authors took up this topic bearing in mind the importance of this neuropeptide in the stress regulatory system. The publication contains thematic subsections analyzing the impact of stress on the body's reactions, the level of neuropeptide-S and mental disorders.



THE MECHANISM OF STRESS REACTION

In response to stress reaction takes place in the nervous system, which reacts on stressogenic stimuli, both internal and external (6). Their reception and analysis are based on the activation of various interconnected structures of the nervous system. Their communication permits a cascade of biochemical changes, which result in the modulation of the levels of neurotransmitters (acetylcholine/Ach, adrenaline/A, noradrenaline/NA, dopamine/DA, glutamate, GABA, serotonin/5-HT) (1, 7), as well as the levels of neuropeptides (oxytocin/OXT, OX, nesfatin-1, SPX, NPS, RLN-3) (8–16). The effect of the mutual modulation of these neuro-markers are two types of excitement. The first type of excitement consists of the activation of the sympathetic-adrenomedullary (SAM) system, which causes the triggering of immediate responses in a stressful situation, while the second activates the hypothalamic-pituitary-adrenocortical (HPA) axis, which triggers time-delayed responses. Both loops activated in a stressful situation work synergistically, and their basic goal is the return of homeostasis in an organism. The activation of the SAM system incorporates the following: cerebral cortex, thalamus, and amygdala. The signals promulgated through this circuit consist of basic information, which are the primary response to stress (17). The secondary response creates an integrated message, which is mainly analyzed by the hippocampus, and in which the frontal, temporal, parietal, and occipital cortex areas are engaged (18). The integration of specific regions of the brain enables the analysis of the entirety of the information which an individual in a stressful situation receives and are the effect of behavior.



ANATOMICAL DISTRIBUTION OF NPS AND ITS BIOCHEMICAL PROPERTIES

There are currently around one hundred neuropeptides that have been identified. Most are grouped into clusters depending on structure and biochemical function. Among these numerous neuropeptides we focus on the following peptides: neuroenteric, opioid, hypothalamic, and pituitary (18).

Recently discovered, and very interesting, is neuropeptide S (NPS), which is formed by twenty amino acid residues. It is part of the excitatory signaling system which under the influence of changes in the action potential in the lower part of the axon causes a cascade of biochemical changes. The effect of these changes in the release (under the influence of Ca2+) by exocytosis of neuropeptides accumulated in the vesicles (18). While the low frequency of stimulation causes the rapid release of classic neurotransmitters, increasing the stimulation results in the co-transmission of both mediators. It should be remembered that the release of the dominant inhibitory neuropeptide inhibits the action of classical transmitters. Since NPS acts as a local neuronal mediator, its effect is like that of hormones, it is temporarily prolonged (18). Its main responsibilities are signaling functions and modulation of various states, such as wakefulness, fear, or mood. The NPS release mechanism involves pathways Gαs and Gαq (inter-receptor communication) aimed at increasing intracellular cAMP and releasing Ca2+ from the endoplasmic reticulum (19). NPS activates the orphan protein G-coupled receptor (NPSR1) which is responsible for the increase in intracellular Ca2+ and cAMP, and acts as an excitatory messenger. NPS peptide precursor mRNA is found in limited regions of the brain in contest to NSPR1 mRNA which was found thought the CNS (Central Nervous System). The NPS/NPR1 system plays an important role (as shown in Figure 1) in stress reactivity, HPA axis activation and has also been attributed great importance in the neurobiology of sleep and wakefulness, modifications related to cognitive functions (memory consolidation, concept generalization) and personality expression (4, 13–15).


[image: Figure 1]
FIGURE 1. Picture showing the effects of NPSR1 receptor stimulation (82, 83).


The expression of NPS in the brain is uneven. The studies on rat and mice revealed that the NPS precursors mRNA is strongly expressed in hypothalamus, thalamus, hippocampal formation, and para-hippocampal regions (20). NPS-expressing neurons are presented most abundantly within the cell populations located close to the locus coeruleus, and sensory and caudate nuclei (13). Kölliker-Fuse nuclei and lateral parabrachial nuclei constitute the most important source of NPS in vertebrate brain (21). Besides, NPS-expressing neurons were reported to be found in the amygdala, thalamus, hypothalamus, as well as frontal and hippocampal areas, however in significantly smaller number compared to the aforementioned locations.

The target of NPS is the NPSR receptor which is located mainly in the limbic structures (4, 18), mainly responsible for various responses, such as emotional, those associated with hunger, thirst, or sexual drive. These conclusions are confirmed by Reinscheid and Xu who claim that the engagement of NPS and NPSR involve emotional behavior and are visibly associated with HPA axis activity (16). This relationship is supported by the authors' study, which demonstrates and increase in plasma concentrations of ACTH (adrenocorticotropin-releasing hormone), corticosterone, as well as increased expression of CRF (corticotropin-releasing factor) and AVP (arginine-vasopressin peptide).

Both neuropeptides and neurotransmitters are involved in the complex function of transmitting nerve impulses between neurons. Neurotransmission is thus a constantly observed electrical phenomenon that is present in both the central and peripheral nervous systems. This intercellular transmission of information occurs via synapses, which are connections between the axon of one cell with the axon, dendrite, or body of another cell (2). The propagation of impulses causes activation of receptors and stimulation of target enzymes. These processes involve many mediators that interact with each other, such as neurotransmitters, neuropeptides, hormones, and cytokines (22). The site of neuropeptide synthesis is the endoplasmic reticulum and Golgi apparatus, in which neuropeptides are accumulated in the so-called “large vesicles”/LDCV (large dense-core vesicles) through numerous branches diverging from it. The neuropeptides accumulated in the vesicles are transported taxonomically to the nerve endings, where the change in action potential causes their release. The site of neurotransmitter synthesis is the cytosol (cytoplasm) where small molecule neurotransmitters are produced in the so-called “small vesicles”/synaptic vesicles (11, 16, 18). Both classical neurotransmitters (neurotransmitters) and neuropeptides are stored in presynaptic nerve endings and act mainly as chemical mediators with neuropeptides acting especially as so-called local modulators.

The basic difference between these transmitters is that neuropeptides have short amino acid chains, resulting in slow activity, prolonged response, and a site of action away from the site of release. Moreover, their effect is more potent, resulting in an apparent change in the modulation of the regulatory mechanism of metabolic pathways as well as gene expression (18). Neuropeptides also could interact with other receptor proteins and, importantly, do not undergo reuptake (2, 4).

In contrast to neuropeptides, classical neurotransmitters (acetylcholine, glutamate, GABA, epinephrine, norepinephrine, serotonin, dopamine) act rapidly and bind to only one specific receptor. Neuropeptides that act slowly and require stronger stimulation have a broad spectrum of activity that allows them to bind to other neuropeptides receptors belonging to the family of G protein-coupled receptors (e.g., oxytocin receptor, AVP receptor, galanin receptor) (18, 23). The difference between mediators emphasizes (especially in the case of NPS) how important is the participation of neuropeptides in the change of protein expression. The glutamatergic system is responsible for HPA axis regulation, synaptic modulation, and neuronal plasticity.

Studies in recent years have shown that affective disorders, which are accompanied by multiple stress reactions, cause visible dysregulation in neurotransmitter levels and changes in CNS structures. The observed deficits concern primarily the reduction of the number of cells and weakening of neurogenesis in the hippocampus and in part of the frontal lobe (prefrontal region) (24, 25). The described relationships are presented in Figure 2.


[image: Figure 2]
FIGURE 2. Multifaceted action of neuropeptides (18, 22–25).


Previous animal studies show that the rat locus coeruleus (LC) NPS is not co-localized with noradrenaline in the actual LC but is in neighboring neurons. Studies in transgenic mice have shown that the total number of NPS neurons in the brain is ~500 (26). Immunohistochemical analyzes showed the highest densities in the hypothalamus, thalamus, and amygdala structures (26, 27). Increased NPS release under stress was revealed in the rat amygdala using the micro-dialysis method (26). Moreover, with sleep deprivation the regulation of NPS transcripts was observed (28). As in rodents, clusters of NPS neurons have been demonstrated in the human lateral brachial nucleus and in the perirenal region, although at a much different level than in rodents. A large group of NPS neurons identified in the central gray matter of the bridge. The analyzes revealed around 22 000 NPS-producing neurons.



NPS AS A MODULATOR OF THE HPA AXIS

The HPA axis, also known as the stress axis, operates with some delay (up to 30 min) (4). The delay effect causes the body to have the opportunity to prepare for, control, and time the resolution of a difficult situation. Since the main action of NPS is the promotion of locomotor activity, behavioral arousal, wakefulness and monitoring of anxiety levels, we can with some certainty assume that NPS may be an initiator of specific behavior (29) related to the influence of the HPA axis (hypothalamic-pituitary-adrenal) on the course of the stress response (30, 31). This assumption is supported by some researchers, including Smith et al. who demonstrated that in vivo administration of NPS causes activation of the HPA axis and thus the release of corticotropic hormone (CRH), adrenocorticotropic hormone (ACTH) and corticosterone (32). Other studies (animal model), on the other hand, demonstrate the opposite situation, in which it is CRH that induces NPS release, mainly in the amygdala (33). Both examples undoubtedly emphasize the high dependency between the mutual correlation of hormones induced by the stressful situation. The conclusion of the cited results undoubtedly confirms the complexity of biochemical transformations whose starting point is the disturbed homeostasis of the organism: neurohormonal, neuromodulatory, and neurotransmission (34).

Thus, since NPS interacts with the HPA axis and is a stress regulator as well as a modulator of endocrine homeostasis it is reasonable to assume that its influence on stabilizing the internal environment is relevant. Since so, its influence on the occurrence of psychiatric disorders is also leading. Typically, disturbances in self-regulatory biological processes result in a range of disturbances in not only interpersonal or social functioning, but also in cognitive functioning (1, 34, 35). Figure 3 presents the stress response and the modulation of neurotransmitters and neuromodulators.


[image: Figure 3]
FIGURE 3. Mechanism of the stress reaction (1–18, 22–25, 29–32, 34, 35).




NEUROPEPTIDES AND MENTAL ILLNESS

The involvement of neuropeptides in the development of psychiatric disorders is due to various mechanisms that occur at the cellular and systemic levels. Involvement at the cellular level occurs when a neuropeptide is directly involved in the development of a disease or when its involvement indirectly affects the neurotransmitter responsible for the occurrence of a particular disease. In this case, the result of the abnormal interaction is the modification of the neuropeptide as well as the modification of the neurotransmitter. However, the cellular mechanism itself associated with the anxiolytic effects of NPS remains unclear (36). Now, it has been proven that NPS, via NPSR on the lateral amygdala projection neurons enhances glutamatergic transmission onto GABAergic neurons of the intercalated cell mass of the amygdala, thereby facilitating the extinction of auditory-cued fear memories (36). Neurons responsible for NPS production can be activated by stress and corticotropin-releasing factor, among other things. Their activation affects regions involved with anxiety such as the basolateral amygdala (27), where presynaptically located NPS receptors (NPSR) modulate glutamate release and anxiety (37). Dine et al. tested in inherently fearful mice whether there are differences in neurotransmission and/or plasticity at ventral CA3-CA1 synapses and confirmed them (38). Considering, the above information NPS may become the main target of thymoleptics and anxiolytics drugs in the future.

Since neuropeptides are co-transmitters for neurotransmitters, their importance in the development of mental illnesses is high. Publications in this area emphasize the negative impact of impaired distribution in diseases such as depression, anxiety disorders, post-traumatic stress disorders (PTSD), schizophrenia, and obsessive-compulsive disorder (OCD). The authors demonstrate an adverse effect of the neuropeptide AVP (arginine-vasopressin peptide), also called antidiuretic hormone (ADH), and oxytocin non-apeptide (OXT) on the regulation of neurotransmission in the CNS (39). Due to the high percentage of patients who do not respond to current pharmacological treatment, finding new therapeutic strategies has become an important trend in neurobiology, and it has been shown that neuropeptides are involved not only in the physiology of stress, but can also have a significant clinical impact (40).

The dysregulation of transmission is an effect of stress, which is the main cause and root for the development of many psychiatric diseases. It has been demonstrated that the occurrence of stress (acute or chronic) results in increased expression of corticotropin-releasing factor (CRF) and corticotropic factor, mainly in the hypothalamus, paraventricular nucleus, and pituitary gland (HPA axis) (41). Increased expression of these mediators' results in behavioral changes which accompany symptoms such as anxiety, cognitive, emotional disorders, aggressive behavior, eating disorders, and immunological disorders (42). Dysregulation of the HPA axis is also confirmed by biochemical analysis: increase in cortisol, increase in CRF concentration in limbic structures, increase in CRF concentration in cerebrospinal fluid (43).

All the mentioned dysfunctions are confirmed by Hatzinger (44), who ascribes great importance to neuropeptides, neurotransmitters and additionally neurotrophins (e.g., BDNF - brain derived neurotrophic factor) in the control of HPA axis under stress. Neuropeptides should be particularly emphasized as, in addition to their remote effects, they also function as local modulators of biochemical changes, as they, like neurotransmitters, are released under the influence of cell activation (co-transmission/co-release process) (18, 19). Regarding the NPS/NPSR1 system and the behavioral, emotional, and stress-related changes that occur, we have clinical and preclinical evidence that suggests its importance. However, there is no comprehensive description of the role of NPS/NPSR1 system at important stress points in rodents, and especially humans (45). Model of neurotransmitters/neuromodulators and their potential, final effects in different variants are presented in Figure 4.


[image: Figure 4]
FIGURE 4. Functions of neuromarkers and their effects in the process of neurogenesis (own work based on the literature) (19, 39, 41–44). The limbic system (cerebral cortex, subcortical structures including the amygdala nuclei, hippocampal bend) is involved in the process of perception of a stressful situation (externally and internally conditioned). A stressful situation has a two-stage course and is subject to primary verification by the amygdala and secondary verification by the hippocampus. The amygdala transmits single sensory signals (autonomic and endocrine responses), while the hippocampus transmits the processed and analyzed signals that are directed from the thalamus and areas of the cerebral cortex. The goal of a synchronized stress response system is to restore internal homeostasis. No Stimulation: decreased level of stimulation; Optimal Stimulation: appropriate regulation; Stress: increased level of stimulation; Disturbed Homeostsis: unbalanced homeostasis; both the deficiency and the excess of stimulation cause disturbed homeostasis in the organism.




DISCUSSION

Stress response is a defense mechanism of the body, under the influence of which several changes in the distribution of neurotransmitters, neuropeptides, and neurotrophins occur. In the regulation of stress, a great importance is attributed to various systems, but of particular importance is the glutamatergic system (glutamic acid, receptor: N-methyl-d-aspartate—NMDA, and α-amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid - AMPA), which is responsible for processes related to brain neuroplasticity. Brain plasticity refers to its potential to change on both structural and functional level. These changes are accompanied by modification of the number of synapses, in which various mediators are involved. In the normal functioning of CNS, glutametergic system is responsible for synaptic plasticity; its function is to regulate calcium influx into the neuron. This influx is triggered by the cascade of glutamine receptor signals on postsynaptic neurons, which imply the induction of long-term potentiation (LTP) (46, 47), necessary for the consolidation of connections between neurons. The ability to make a network of connections between neurons are activated by NMDA receptor which plays an important role not only in cognitive processes but also in the regulation of the level of neurotransmitters (46).

As mentioned earlier, neuropeptides, including NPS, are co-transmitters for neurotransmitters. They perform functions at both the cellular (signaling molecules) and integrative levels that enable synergistic modulation of brain activity, including enhancement of cognitive and behavioral functions. A key role in neuroplasticity-related processes is played by the earlier mentioned NMDA receptors and BDNF (48).

BDNF is a polypeptide, a growth factor for neurons. Its effect involves regulation of physiological functions related to learning and memory processes, neuro-regenerative functions, and development of serotonergic, cholinergic, noradrenergic, and dopaminergic neurons (49). Its highest expression is found in the hippocampus and cerebral cortex, which supports the idea that this factor is involved in the interaction of the human body with the environment (50–52).

Bearing in mind that various systems are involved in the pathogenesis of psychiatric diseases: dopaminergic, glutamatergic, GABAergic, serotonergic mainly in the hippocampus and frontal lobes, the neurotrophic factor BDNF plays a key role in brain adaptation processes. Its reduced levels in areas of the cerebral cortex and hippocampus were noted in post-mortem studies in patients diagnosed with schizophrenia. As shown in the analyses, the subjects had a lower number of TrkB (brain-derived neurotrophic factor receptor) receptors, which are the primary molecular target for BDNF. Neuronal atrophy and increased apoptosis were also observed (49, 53).

Restoration of the BDNF-dependent adaptive capacity of the brain to environmental conditions is contingent on stimulation, which is a condition of an increased inter-hemispheric transmission of information, consistent with the so-called stimulus effect. Increase of this transmission results in modulation and expression of genes and proteins, which at the molecular level is induced in hippocampal cells by long-term synaptic potentiation (LTP), dependent on glutamatergic AMPA (α-amino-3-hydroxy-5-methyl-4-isoxazolopropionic acid) and NMDA (N-methyl-D-aspartic acid) receptors (54–56).

As mentioned earlier neuropeptides as co-transmitters fulfill various functions in the body depending on the biochemical structure. All of them are based on cooperation, the main goal of which is to maintain the organism's homeostasis (4).

One of them is the group of pituitary peptides which includes vasopressin, oxytocin, and adrenocorticotropic hormone. The action of oxytocin and vasopressin at the level of the CNS is related to the regulation of emotional and cognitive processes. Vasopressin increases the level of anxiety, aggression, and stress, while oxytocin lowers these parameters. The NPS which acts as the coordinator of the HPA axis (57), also engages in the regulatory interaction of social functioning. NPS, as part of the excitatory signaling system, is responsible for many functions, including initiation of arousal and regulation of wakefulness (12, 20, 58), reduction of anxiety (12, 20, 58, 59), promotion of learning and memory enhancement (23, 49), reduction of psychotic functioning (58), regulation of food intake (12, 58), and stimulation of stress hormone release (12, 20, 60, 84). Neuropeptide Y (NPY) is a pancreatic peptide and is one of the most important molecules in the autonomic, central, and peripheral nervous system. In CNS it is located within the cerebral cortex and the limbic system. It coexists with norepinephrine in the neurons of the sympathetic nervous system. Its function in associated with the stimulation of food intake, resistance to stress and vasoconstriction. As demonstrated by Sliwińska et al. (61) and Holzer et al. (62) there is a mutual correlation between the increase in NPY mRNA expression and the stimulation of the HPA axis under stress. Additionally, NPY has similar functions to NPS, it is involved in the control of vasoconstriction, blood pressure, atherosclerotic processes, and intestinal peristalsis and endocrine epithelial function of the gastrointestinal tract and kidney (63–65).

It seems that the most important role of these neuropeptides is to participate in the modification of synapse structures that occurs during LTP. The local transformation of synapses occurring under the influence of LTP depends on the formation of local protein clusters. The result of their action, among others, in the formation of new dendritic spikes and change in the density of glutamate receptors (AMPA, NMDA) responsible for the LTP process. The potential to form new dendrites determines the development of the neuronal network, resulting in the acquisition and consolidation of skills, improvement of cognitive, emotional, and behavioral functions (66).

Neuropeptides, including NPS, as co-transmitters of classical neurotransmitters take part in strengthening or weakening of stimuli in the nervous system, regulating complex processes such as learning, or behavioral processes such as reproduction. Balanced levels of all mediators (an organism's homeostasis) are a necessary condition for developmental processes, including neurogenesis. In case of a stressful situation, in which neurogenesis is inhibited under the influence of glucocorticoids, the activity of BDNF or NPS is incorrectly regulated (67). All this causes that as a result the creation of new connections is inhibited (68–70).

These disorders are greatly influenced by stress which can trigger a chain of changes in oxidative reactions and cause the formation of the free radicals. It should be emphasized that their production also takes place during normal physiological processes but in these situations, it remains under the control of organism, both enzymatic and non-enzymatic (defense mechanisms) (71). In normal reactions of the organism, free radicals play important functions for the cell i.e., proliferation, growth and differentiation of cells and apoptosis. In situation where the balance of control mechanisms is disturbed under the influence of various unfavorable factors including stress, the level of free radicals is also disturbed. Their significant increase leads to damage to the cells and tissues of various organs. It should be added that neurons are the most vulnerable to free radicals' damage because the brain tissue uses more oxygen compared to other organs in the process of obtaining energy (72). In addition, the brain also has a lower activity of antioxidant enzymes: CAT (catalase) and GPx (glutathione peroxidase) and an easier ability to store metals (iron, copper) (73).

The interesting correlation of BDNF and NPS biomarkers requires special emphasis and undoubtedly conducting further research. Their interaction for example an increase in the level of NPS as a marker of anxiety intensity and increased synthesis of BDNF is an intriguing relationship (74, 75). Perhaps it results from the dependence that experiencing and repeated stressful situations are a fixed method of individual reaction, based on the LTP process (76–78). Presumably, constantly reacting with anxiety and the inability to reduce it can lead to excess free radicals and this in turn may result in neurodegenerative disorders (79).

This hypothesis is supported by a study by Cohen et al. in an animal model (Sprague-Dawley rat) which may provide a starting point for future research in humans (80). The author in pioneering analyses, attempted to demonstrate the relationship between the magnitude of stress-related behavioral responses and neuropeptide levels in selected brain areas. The produce of the study consisted in subjecting animals to stress factors (predator odor) for a period of 15 min, and then after 7 days re-analyzing these responses this time induced by acoustic fear-related responses and additional administration of NPY agonist (5 and 10 mg/kg). Established criteria classified animals in terms of their fear responses and in terms of the results obtained in immunohistochemical tests (neuropeptide and BDNF factor expression levels). Animals whose behavior was extremely disturbed showed decreased levels of neuropeptide (NPY) mainly in the hippocampus and the amygdala nucleus and decreased BDNF expression compared to animals whose behavior was minimally disturbed. This result gives rise to the conclusion that NPY and BDNF exhibit endogenous protective effects against stress mainly evident after additional NPY administration. Considering the neuroprotective effect of neuropeptides (NPY, NPS) and neuromodulatory effect of BDNF factor, it can be assumed that the level of stress resistance depends on the level of neuropeptides. The relationship described in the animal model suggests a possible correlation between molecular processes and psychopathological processes in humans. Although the mechanism of interdependence of neuropeptides (mainly NPY) is not fully understood, it is presumed that acting on both pre- and post- synaptic receptors, they influence BDNF expression depending on the type of external stimuli. Given that BDNF exhibits the ability to stimulate its own release this likely guarantees its continued and regenerative signaling at synaptic sites (81). As shown, neuroproliferative interdependencies are confirmed in animal models so further studies in humans are essential to validate these assumptions.

In summary, NPS can be an indicator of body homeostasis, an influence on activity in neurons, an indicator of various mental states: anxiety, restlessness, mood, aggression, and a potential marker of the level of increase of anxiety in mental disorders. Based on the above it can be assumed that in the biological conditioning of mental disorders, NPS will be of great importance not only as a co-transmitter but may prove to be extremely helpful in diagnostics.
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