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Abstract 26 

A neuropeptide that has historically been linked to social bonding, childbirth, and 27 

breastfeeding; oxytocin has become a significant immune system regulator. Oxytocin also 28 

provides relaxation during pregnancy by lowering blood pressure. At the time of delivery, it 29 

increases uterine contractions, making childbirth easier. During the postpartum breastfeeding 30 

period, it helps milk flow by causing the milk ducts in the breasts to contract. Its function in 31 

controlling immune responses, affecting inflammation, and preserving immunological 32 

homeostasis has been emphasised by recent research. The complex connections between 33 
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oxytocin and the immune system are examined in this study, with particular attention paid to 34 

how it interacts with immune cells, produces cytokines, and controls pro- and anti-35 

inflammatory pathways. Numerous immune-related problems, including as autoimmune 36 

diseases, chronic inflammation, and neurodegenerative ailments, are linked to dysregulation of 37 

oxytocin signalling, which can be caused by altered receptor function or reduced production. 38 

Furthermore, oxytocin's therapeutic potential in lowering inflammation and re-establishing 39 

immunological balance offers promising prospects for the treatment of immune dysfunction. 40 

The study highlights the need for clinical studies to assess oxytocin's therapeutic uses as well 41 

as more investigation into the molecular, genetic, and epigenetic pathways underpinning its 42 

immune-modulatory activities. Through the synthesis of current research findings and the 43 

identification of existing gaps, this work seeks to provide guidance for future research and 44 

therapeutic applications while also deepening our understanding of oxytocin's involvement in 45 

immune modulation. This study lays the groundwork for investigating oxytocin-based 46 

treatments to treat illnesses linked to the immune system and enhance general immunological 47 

health by deepening our understanding of the function of oxytocin in immune regulation. 48 

 49 
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 59 

1.  Context 60 

Oxytocin, often referred to as the "love hormone," is well known for its involvement in 61 

childbirth, breastfeeding, and social bonding. It plays a critical role during pregnancy by 62 

helping to lower blood pressure and promote relaxation. At the time of delivery, oxytocin 63 

stimulates uterine contractions, aiding in the childbirth process. During postpartum 64 

breastfeeding, oxytocin facilitates milk flow by causing the milk ducts in the breasts to contract. 65 

In some cases, artificial oxytocin is administered during labour to aid in the progression of 66 

delivery and prevent excessive bleeding after the placenta is separated (1). 67 
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Beyond its traditional reproductive functions, oxytocin has gained attention for its broader 68 

physiological effects. It is increasingly recognized as a key regulator of the immune system. 69 

Produced in the hypothalamus and secreted by the pituitary gland, oxytocin has been shown to 70 

interact with immune cells, cytokines, and inflammatory mediators, suggesting it has immune-71 

modulatory effects that extend beyond social behaviour and emotional regulation (2). 72 

 73 

2. Evidence Acquisition 74 

Recent research has expanded our understanding of oxytocin's role in immune system 75 

regulation. The hormone has been shown to influence immune responses, particularly in the 76 

context of inflammation, autoimmune diseases, and chronic conditions (3). Oxytocin's impact 77 

on the immune system involves complex signaling mechanisms, which include direct 78 

activation of immune cells and indirect modulation via neuroendocrine and psychosocial 79 

pathways. Its effects on immune cells such as T cells, B cells, macrophages, and dendritic cells 80 

are well documented, though the specific mechanisms underlying these interactions remain 81 

under investigation (4). 82 

Among its most significant effects is oxytocin's ability to modulate the inflammatory response. 83 

This has important implications for chronic inflammatory diseases, neuro-inflammatory 84 

conditions, and autoimmune disorders, with oxytocin's anti-inflammatory effects helping to 85 

reduce the production of pro-inflammatory cytokines (5). Furthermore, the interplay between 86 

oxytocin, immune function, stress, and mental health underscores the importance of 87 

understanding the neuroimmune interactions it facilitates. 88 

While the role of oxytocin in immune regulation is becoming clearer, the genetic and molecular 89 

processes behind this link remain poorly understood. Advancing this understanding requires 90 

genetic research into oxytocin receptor (OXTR) polymorphisms and their effects on immune 91 

function, as well as the involvement of oxytocin in regulating immune-related gene expression. 92 

Variations in the OXTR gene have been associated with changes in immune response, social 93 

behaviours, and susceptibility to autoimmune disorders, making it essential to investigate how 94 

genetic predispositions may influence the effects of oxytocin on immune modulation (6). 95 

In addition to genetic insights, developments in omics technologies—such as transcriptomics, 96 

proteomics, and metabolomics—have provided a more comprehensive understanding of 97 

oxytocin's effects on cellular signaling networks, gene expression, and immune regulation. 98 

These technologies enable high-throughput studies that reveal the molecular pathways through 99 

which oxytocin influences gene expression, protein activity, and metabolic changes, offering 100 

deeper insights into its role in immune function (7). 101 
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1. Aim of the Study 102 

This study's objective is to present a comprehensive, up-to-date review of the literature on the 103 

connection between oxytocin and the immune system, with an emphasis on the molecular and 104 

genetic processes at play. The effects of oxytocin on immune system elements, such as cytokine 105 

modulation, inflammatory pathways, and immune cell activity, will be investigated in this 106 

study. Additionally, it will investigate the genetic resources linked to oxytocin signalling, such 107 

as receptor gene polymorphisms, and the potential effects of these genetic variables on the 108 

immunological response. In order to assess the possible therapeutic uses of oxytocin in the 109 

treatment of autoimmune illnesses, chronic inflammation, and immunological dysfunction, the 110 

study will also take into account findings from current preclinical and clinical research. 111 

Through the synthesis of current research findings and the identification of existing gaps, this 112 

study seeks to provide guidance for future research and therapeutic applications while also 113 

deepening our understanding of oxytocin's involvement in immune modulation. 114 

 115 

2. Molecular and Genetic Mechanisms 116 

To comprehend oxytocin's wider physiological functions, it is essential to comprehend the 117 

molecular and genetic processes that underlie its impact on the immune system. These methods 118 

include the activation of intricate biochemical pathways that control immunological responses, 119 

the interaction of oxytocin with certain receptors, and the genetic regulation of its synthesis. 120 

Furthermore, oxytocin signalling and its effects on immune system control are modulated by 121 

epigenetic changes. The main genetic and molecular elements that control how oxytocin 122 

interacts with the immune system are described in this section (4, 8). 123 

 124 

 125 

 126 

 127 

2.1. Oxytocin Receptors: Structure and Function 128 

By attaching itself to certain receptors called oxytocin receptors (OXTRs), which are G-129 

protein-coupled receptors (GPCRs), oxytocin produces its effects (9). The extensive expression 130 

of these receptors in a variety of organs, such as the brain, uterus, mammary glands, and 131 

immune cells, emphasises the vast range of physiological functions of oxytocin. The seven 132 

transmembrane domains that make up the oxytocin receptor's structure allow it to engage with 133 

external ligands like oxytocin and start intracellular signalling (10). When OXTRs bind to 134 

oxytocin, they initiate downstream signalling cascades, mainly by activating phospholipase C 135 
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(PLC), which causes the synthesis of diacylglycerol (DAG) and inositol triphosphate (IP3) 136 

(11). The intracellular calcium (Ca2+) levels rise as a result of these second messengers, 137 

activating a number of proteins and enzymes involved in cellular reactions. This route is 138 

essential for controlling the cytokine synthesis, cell division, and proliferation of immune cells. 139 

The direct role of oxytocin in immune system regulation is highlighted by the presence of 140 

OXTRs on immune cells such T lymphocytes, dendritic cells, and macrophages. Further 141 

evidence that the effects of oxytocin are very context-dependent comes from the variety of 142 

oxytocin receptor isoforms and their tissue-specific expression patterns. According to recent 143 

studies, OXTR gene alternative splicing can result in differences in receptor function, which 144 

may affect how oxytocin interacts with immune cells under various physiological 145 

circumstances, including autoimmune disorders and infections (12). 146 

 147 

2.2. Genetic Regulation of Oxytocin Production 148 

Genetic regulation of oxytocin production and release is quite strict. The human chromosome 149 

3 contains the OXTR gene, which is the main gene that codes for oxytocin. The prepro-150 

oxytocin protein is produced by this gene and then cleaved into the active oxytocin peptide. 151 

Numerous elements, including as hormone signals, neurotransmitters, and environmental cues, 152 

affect how the OXTR gene is expressed (13). At the genetic level, promoter regions and 153 

transcription factors that regulate the gene's transcription in response to particular physiological 154 

situations might alter the expression of the OXTR gene (14). For instance, cortisol levels under 155 

stress might change OXTR expression, which in turn affects the body's capacity to use oxytocin 156 

to control immunological responses. Furthermore, single nucleotide polymorphisms (SNPs), 157 

which are genetic variations in the OXTR gene, have been linked to differences in the 158 

expression and function of the oxytocin receptor. These variations may have an impact on an 159 

individual's immune response, social behaviours, and susceptibility to diseases. The oxytocin-160 

neurophysin I gene, which genes for the precursor molecule of oxytocin and its carrier protein, 161 

neurophysin, also affects the control of oxytocin production. Immune function may be 162 

impacted by variations in oxytocin levels caused by variations in this gene's expression. The 163 

intricacy of oxytocin's function in the immune system is highlighted by the complicated control 164 

of its synthesis, which includes both genetic and hormonal factors (15). 165 

 166 

2.3. Molecular Pathways Involved in Oxytocin and Immunity 167 

 By modulating the MAPK pathway, oxytocin can influence the production of inflammatory 168 

cytokines, such as interleukin-6 (IL-6) and tumour necrosis factor-alpha (TNF-α), which are 169 
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central to the immune response during infection and inflammation (16). Additionally, oxytocin 170 

has been shown to modulate the NF-κB pathway, a crucial regulator of immune cell activation 171 

and the inflammatory response. Oxytocin's ability to inhibit NF-κB activation in certain 172 

immune cells suggests that it may exert an anti-inflammatory effect, which could have 173 

therapeutic implications in conditions characterized by excessive inflammation, such as 174 

autoimmune diseases and neuro-inflammatory disorders (17). By regulating these pathways, 175 

oxytocin can fine-tune immune responses, promoting an appropriate immune reaction while 176 

preventing excessive inflammation that could lead to tissue damage. Oxytocin also interacts 177 

with T-helper cells (Th cells) and macrophages, influencing their differentiation and cytokine 178 

production (18). For example, oxytocin has been shown to enhance the Th2 response, which is 179 

associated with anti-inflammatory effects and the resolution of inflammation. This interaction 180 

highlights oxytocin’s role in balancing immune responses, ensuring that they are not overly 181 

aggressive, which could lead to autoimmunity (19). 182 

 183 

2.4. Epigenetic Modulation of Oxytocin Signaling 184 

Epigenetic mechanisms, including DNA methylation, histone modification, and non-coding 185 

RNA regulation, also play a crucial role in modulating oxytocin signalling and its effects on 186 

the immune system. Changes in the epigenetic regulation of oxytocin-related genes can affect 187 

their expression and ultimately influence immune responses. For example, DNA methylation 188 

in the promoter regions of the OXTR gene has been associated with reduced receptor 189 

expression, which may result in a diminished ability to modulate immune responses through 190 

oxytocin signalling (20). Histone modifications, such as acetylation and methylation, can also 191 

influence the transcriptional activity of oxytocin-related genes, affecting their expression in 192 

response to environmental cues such as stress or inflammation. These modifications can have 193 

lasting effects on immune system function, contributing to an individual’s susceptibility to 194 

immune-related diseases. Additionally, the regulation of oxytocin receptor expression by long 195 

non-coding RNAs (lncRNAs) and microRNAs (miRNAs) represents another layer of 196 

epigenetic control, offering potential targets for therapeutic intervention (21). 197 

The epigenetic regulation of oxytocin signalling is particularly relevant in the context of 198 

environmental exposures that may influence gene expression (22). For instance, early-life 199 

stressors can lead to epigenetic modifications of the OXTR gene, resulting in altered oxytocin 200 

signalling and potentially contributing to long-term immune system dysregulation. 201 

Understanding how epigenetic factors influence oxytocin signalling will provide deeper 202 
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insights into how environmental and genetic factors combine to shape immune system function 203 

(22). 204 

 205 

3. Oxytocin and the Immune System: Cellular Interactions 206 

The relationship between oxytocin and the immune system is a complex interplay that involves 207 

the direct interaction of oxytocin with various immune cells and its modulation of immune 208 

responses (4). Oxytocin’s ability to influence immune cell function, inflammatory pathways, 209 

and the secretion of cytokines and chemokines has significant implications for health and 210 

disease. This section delves into the cellular interactions of oxytocin with immune cells, its role 211 

in modulating inflammatory responses, its influence on cytokine and chemokine regulation, 212 

and its potential involvement in autoimmune diseases (23). 213 

 214 

3.1. Oxytocin's Effect on Immune Cells 215 

Oxytocin exerts a direct effect on several immune cell types, including T lymphocytes, 216 

macrophages, dendritic cells, and B cells. These cells express oxytocin receptors (OXTRs), 217 

allowing oxytocin to influence their function and behaviour. One of the primary effects of 218 

oxytocin on immune cells is its ability to regulate cell differentiation, activation, and cytokine 219 

production (4). 220 

T cells: Oxytocin modulates the activity of T-helper (Th) cells, influencing the immune 221 

response. Studies have shown that oxytocin can promote the differentiation of Th2 cells, which 222 

are associated with anti-inflammatory cytokine production, such as interleukin-4 (IL-4), and 223 

reduce the differentiation of Th1 cells, which are involved in pro-inflammatory responses. This 224 

shift in T-cell balance suggests that oxytocin plays a role in regulating immune tolerance and 225 

reducing excessive immune activation (5). 226 

Macrophages and dendritic cells: Oxytocin affect macrophage polarization, promoting an M2 227 

macrophage phenotype, which is generally associated with tissue repair and anti-inflammatory 228 

responses. Additionally, oxytocin has been shown to influence dendritic cell function, which 229 

is crucial for antigen presentation and the activation of T cells. By modulating the activation 230 

of these immune cells, oxytocin can help regulate immune responses to pathogens or injury 231 

while minimizing excessive inflammation (24). 232 

B cells: In B cells, oxytocin has been found to affect antibody production. While the exact 233 

mechanism remains unclear, evidence suggests that oxytocin may enhance B-cell activation 234 

and differentiation, which could influence the production of antibodies during immune 235 
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responses. This effect may be particularly relevant in the context of immune challenges, such 236 

as infections or vaccination (25). 237 

 238 

3.2. Immune Modulation by Oxytocin in Inflammatory Responses 239 

Oxytocin has been shown to play a significant role in modulating the body’s inflammatory 240 

response. Inflammation is a key feature of many immune-related conditions, including 241 

infections, autoimmune diseases, and chronic inflammatory disorders (26). Oxytocin's ability 242 

to modulate inflammation occurs through several mechanisms: 243 

Cytokine regulation: Oxytocin can influence the production of pro-inflammatory and anti-244 

inflammatory cytokines. It has been shown to inhibit the release of pro-inflammatory 245 

cytokines, such as tumour necrosis factor-alpha (TNF-α), interleukin-1 beta (IL-1β), and 246 

interleukin-6 (IL-6), which are typically elevated in inflammatory responses. Conversely, 247 

oxytocin can stimulate the release of anti-inflammatory cytokines, including interleukin-10 248 

(IL-10), which helps to resolve inflammation and promote tissue repair (17). 249 

Activation of anti-inflammatory pathways: One of the major pathways involved in the anti-250 

inflammatory effects of oxytocin is the inhibition of the nuclear factor kappa-light-chain-251 

enhancer of activated B cells (NF-κB) pathway. NF-κB is a critical regulator of inflammation, 252 

and its activation leads to the production of pro-inflammatory mediators. By inhibiting NF-κB, 253 

oxytocin may help prevent excessive or chronic inflammation, which is often seen in 254 

autoimmune diseases and inflammatory conditions (27). 255 

Stress-induced inflammation: Chronic stress is known to increase inflammation, and oxytocin's 256 

ability to modulate the stress response plays an important role in controlling stress-induced 257 

inflammatory reactions. Oxytocin's effects on the hypothalamic-pituitary-adrenal (HPA) axis 258 

and its ability to reduce cortisol levels contribute to its anti-inflammatory properties. This 259 

stress-modulatory effect suggests that oxytocin may be particularly important in regulating 260 

inflammation in individuals under chronic stress or those with stress-related disorders (28). 261 

 262 

 263 

3.3. Interaction of Oxytocin with Cytokines and Chemokines 264 

Cytokines and chemokines are key signalling molecules that regulate immune cell 265 

communication and orchestrate the immune response to infections, injuries, or other 266 

pathological conditions (29). Oxytocin interacts with both cytokines and chemokines to 267 

modulate immune responses: 268 
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Cytokine modulation: As mentioned earlier, oxytocin can inhibit the release of pro-269 

inflammatory cytokines like TNF-α, IL-1β, and IL-6. These cytokines are often elevated in 270 

conditions such as autoimmune diseases, infections, and inflammatory disorders (17). By 271 

reducing the production of these pro-inflammatory cytokines, oxytocin helps to prevent 272 

excessive inflammation and tissue damage. Moreover, oxytocin has been shown to enhance the 273 

production of anti-inflammatory cytokines, including IL-10, promoting a more balanced 274 

immune response and reducing the risk of chronic inflammation (5). 275 

Chemokine regulation: Chemokines are signalling proteins that guide the migration of immune 276 

cells to sites of infection or injury. Oxytocin has been implicated in regulating the production 277 

of certain chemokines, such as C-C motif ligand 2 (CCL2), which is involved in recruiting 278 

immune cells to inflammatory sites (30). By modulating chemokine expression, oxytocin can 279 

influence immune cell trafficking, ensuring that immune cells are directed appropriately in 280 

response to immune challenges (30). 281 

Cytokine-chemokine interplay: The interaction between cytokines and chemokines is crucial 282 

for the coordination of immune responses. Oxytocin's ability to regulate both cytokine and 283 

chemokine production suggests that it plays a broader role in fine-tuning immune system 284 

activation and maintaining immune homeostasis. This dual modulation could be particularly 285 

important in the context of immune-related diseases where dysregulated cytokine and 286 

chemokine signalling contribute to disease progression (31). 287 

 288 

3.4. Role of Oxytocin in Autoimmune Diseases 289 

Autoimmune diseases occur when the immune system mistakenly targets the body’s own cells, 290 

leading to chronic inflammation and tissue damage. The role of oxytocin in autoimmune 291 

diseases is an emerging area of research, with evidence suggesting that oxytocin may help 292 

regulate the immune system in ways that prevent or mitigate autoimmune responses. 293 

Regulation of immune tolerance: Oxytocin’s ability to shift the balance between Th1 and Th2 294 

responses is particularly relevant in autoimmune diseases. Th1 responses, which are associated 295 

with the production of pro-inflammatory cytokines, are typically involved in autoimmune 296 

attacks, while Th2 responses promote anti-inflammatory effects. Oxytocin’s modulation of this 297 

balance may help prevent excessive Th1-driven inflammation and promote immune tolerance, 298 

reducing the risk of autoimmunity (32). 299 

Multiple sclerosis (MS): One autoimmune disease where oxytocin has shown potential 300 

therapeutic effects is multiple sclerosis (MS), a condition in which the immune system attacks 301 

the central nervous system. Studies have suggested that oxytocin administration can reduce the 302 
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severity of MS symptoms by promoting an anti-inflammatory environment and regulating 303 

immune cell activity. This effect is thought to be mediated by oxytocin’s ability to modulate 304 

the activity of microglia (resident immune cells in the brain) and T cells (33). 305 

Rheumatoid arthritis (RA): Another autoimmune disorder that may benefit from oxytocin’s 306 

immune-modulatory effects is rheumatoid arthritis (RA), a disease characterized by joint 307 

inflammation and immune cell infiltration. Research has indicated that oxytocin’s anti-308 

inflammatory effects may help alleviate symptoms of RA by reducing the production of pro-309 

inflammatory cytokines and promoting the resolution of inflammation (34). 310 

Systemic lupus erythematosus (SLE): SLE is an autoimmune disease where the immune system 311 

attacks various organs. Oxytocin’s regulation of cytokine production and immune cell 312 

activation may play a role in modulating the immune dysregulation that occurs in SLE. Studies 313 

have indicated that oxytocin’s anti-inflammatory properties may help reduce the severity of 314 

SLE symptoms by balancing the immune response (35). 315 

 316 

4. Oxytocin and Inflammation 317 

Oxytocin, traditionally known for its roles in childbirth, lactation, and social bonding, is 318 

increasingly recognized for its influence on inflammation and immune responses (36). 319 

Inflammatory processes are central to various disease states, and oxytocin's ability to modulate 320 

these processes opens up new therapeutic avenues.  321 

 322 

4.1. The Impact of Oxytocin on Inflammatory Pathways 323 

Inflammation is a complex biological response to injury, infection, or harmful stimuli, 324 

involving immune cell activation, cytokine release, and changes in vascular permeability. 325 

Oxytocin exerts significant influence on these pathways by interacting with immune cells and 326 

modulating key inflammatory mediators (37). 327 

NF-κB pathway inhibition: One of the primary mechanisms by which oxytocin regulates 328 

inflammation is through the inhibition of the nuclear factor kappa-light-chain-enhancer of 329 

activated B cells (NF-κB) pathway (17). NF-κB is a major transcription factor involved in the 330 

expression of pro-inflammatory cytokines and is activated in response to a variety of stressors. 331 

By inhibiting NF-κB, oxytocin reduces the production of inflammatory cytokines such as TNF-332 

α, IL-1β, and IL-6, thus preventing excessive inflammatory responses (38). 333 

MAPK/ERK pathway modulation: Oxytocin also affects the mitogen-activated protein 334 

kinase/extracellular signal-regulated kinase (MAPK/ERK) signalling pathway, which plays a 335 

crucial role in immune cell activation and cytokine production. Through activation of this 336 
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pathway, oxytocin can modulate the immune response by influencing immune cell 337 

differentiation and cytokine release. This helps fine-tune the body’s response to pathogens, 338 

injury, or other immune challenges (5). 339 

Reduction in oxidative stress: Oxytocin has been shown to reduce oxidative stress, which is 340 

often associated with inflammation. By regulating the activity of antioxidant enzymes, 341 

oxytocin helps to limit the damage caused by reactive oxygen species (ROS) during 342 

inflammatory processes. This antioxidant effect may contribute to its ability to protect tissues 343 

from damage during inflammation (39). 344 

Modulation of immune cell function: Oxytocin can influence the activation and polarization of 345 

various immune cells, including T lymphocytes, macrophages, and dendritic cells. Through its 346 

interaction with these cells, oxytocin can promote the release of anti-inflammatory cytokines 347 

such as IL-10, while inhibiting pro-inflammatory cytokine production. This balancing act helps 348 

to control the immune response and prevent excessive inflammation (5). 349 

 350 

4.2. Oxytocin as a Potential Therapeutic Agent in Inflammation 351 

Given its ability to regulate immune responses and modulate inflammatory pathways, oxytocin 352 

has emerged as a potential therapeutic agent for a variety of inflammation-related conditions. 353 

Its natural anti-inflammatory properties make it an attractive candidate for managing diseases 354 

characterized by chronic inflammation or autoimmune dysfunction. 355 

Autoimmune diseases: As discussed in previous sections, oxytocin’s ability to modulate the 356 

balance between Th1 and Th2 immune responses makes it a promising therapeutic candidate 357 

for autoimmune diseases. By promoting an anti-inflammatory Th2 response and inhibiting the 358 

pro-inflammatory Th1 response, oxytocin could help reduce the severity of autoimmune 359 

attacks and tissue damage. Conditions such as multiple sclerosis (MS), rheumatoid arthritis 360 

(RA), and systemic lupus erythematosus (SLE) may benefit from oxytocin-based therapies 361 

aimed at restoring immune balance (40). 362 

Chronic inflammatory conditions: Chronic inflammation is a hallmark of numerous conditions, 363 

including asthma, inflammatory bowel disease (IBD), and cardiovascular diseases. Oxytocin’s 364 

ability to reduce the production of pro-inflammatory cytokines and modulate immune cell 365 

activity could help mitigate the progression of these diseases. In particular, oxytocin’s anti-366 

inflammatory effects on macrophages and T cells may provide relief from the persistent 367 

inflammation seen in these conditions (41). 368 

Neuroinflammation: Oxytocin’s role in modulating the blood-brain barrier (BBB) and its anti-369 

inflammatory effects on microglial cells are of particular interest in the context of neuro-370 
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inflammatory diseases such as Alzheimer’s disease, Parkinson’s disease, and multiple sclerosis 371 

(MS). Neuroinflammation is a central feature of these disorders, and oxytocin’s ability to 372 

regulate microglial activation and reduce oxidative stress could have therapeutic potential in 373 

alleviating neurodegenerative symptoms (42). 374 

Post-surgical inflammation: Inflammatory responses following surgery are common and can 375 

delay healing and increase the risk of complications. Oxytocin’s anti-inflammatory effects 376 

could be useful in post-surgical recovery, helping to reduce the inflammatory response and 377 

promote faster healing. Studies investigating the use of oxytocin in post-operative care are still 378 

in their early stages, but early results are promising (43). To provide a clearer overview of the 379 

therapeutic applications, dosages, models, and outcomes, a summary of preclinical and clinical 380 

studies on oxytocin’s role in inflammation-related disorders is presented in Table 1. 381 

 382 

Table 1. Summary of preclinical and clinical studies exploring oxytocin’s effects in 383 

inflammation-related disorders, including dose, administration route, and observed outcomes 384 

Disease/Condition 
Study 

Model 

Oxytocin Dose 

& Route 
Key Findings Reference 

Alzheimer’s 

Disease (AD) 

APP/PS1 

transgenic 

mice 

Intranasal; 

dosage not 

specified 

Reduced microglial 

activation, improved 

memory and plaque 

compaction. 

(50) 

Alzheimer’s 

Disease (AD) 

AlCl₃ -

induced in 

rats 

Intranasal; 

chronic 

administration 

Restored cognition, 

reduced β-amyloid, 

Tau, and pro-

inflammatory 

proteins. 

(50) 

Postoperative Pain 

Rat model of 

plantar 

incision 

Intrathecal; 10 

nmol 

Reduced 

hypersensitivity and 

improved recovery 

behaviour. 

(47) 

Cardiovascular 

Disease (CVD) 

Myocardial 

infarction in 

rats 

Intravenous; 

dosage not 

specified 

Reduced 

inflammation and 

promoted healing. 

(42) 

Atherosclerosis 
WHHL 

rabbits 

Chronic 

infusion; dosage 

not specified 

Reduced systemic 

inflammation and 

plaque progression. 

(50) 

Obesity-Induced 

Inflammation 

Leptin 

receptor-

deficient 

mice 

Chronic 

infusion; dosage 

not specified 

Lowered TNF-α and 

IL-6, increased 

adiponectin. 

(43) 

Inflammatory 

Bowel Disease 

(IBD) 

DSS-

induced 

colitis in 

mice 

Intraperitoneal; 

dosage not 

specified 

Reduced TNF-α, 

MPO, and MDA; 

restored GSH levels. 

(41) 
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 385 

4.3. Inflammation-Related Disorders and Oxytocin 386 

Several case studies and preclinical studies have explored the potential of oxytocin as a 387 

therapeutic agent in inflammation-related disorders. These case studies demonstrate oxytocin’s 388 

capacity to modulate inflammation and provide insights into its clinical applications. 389 

Multiple Sclerosis (MS): In a preclinical mouse model of MS, oxytocin administration resulted 390 

in a significant reduction in the severity of symptoms, likely due to its ability to suppress pro-391 

inflammatory cytokine production and shift the immune response towards a more anti-392 

inflammatory profile. These findings suggest that oxytocin could be used as a treatment to 393 

mitigate the neuroinflammation seen in MS (44). 394 

Rheumatoid Arthritis (RA): In a study examining the effects of oxytocin on RA, oxytocin 395 

treatment was shown to reduce joint inflammation and the production of pro-inflammatory 396 

cytokines in animal models. By promoting an anti-inflammatory Th2 response, oxytocin 397 

helped to alleviate symptoms associated with RA, such as pain and swelling. These findings 398 

support the idea that oxytocin may be beneficial in treating chronic inflammatory conditions 399 

like RA (45). 400 

Inflammatory Bowel Disease (IBD): In an animal model of colitis, a form of IBD, oxytocin 401 

administration was shown to reduce intestinal inflammation and improve the overall health of 402 

the digestive tract. The anti-inflammatory effects of oxytocin were linked to its ability to 403 

modulate immune cell function and inhibit the release of inflammatory cytokines. This study 404 

highlights the potential of oxytocin in treating gastrointestinal inflammatory disorders (46). 405 

 406 

5. Oxytocin and Immune System Dysfunction 407 

Oxytocin, as a regulator of both the nervous and immune systems, plays a crucial role in 408 

maintaining immune homeostasis. However, dysregulation of oxytocin signalling can lead to 409 

immune system dysfunction, contributing to the development of various chronic diseases and 410 

immune deficiencies. This section explores the consequences of oxytocin dysregulation on 411 

immune responses, its role in chronic diseases and immune deficiency, and the potential for 412 

oxytocin-based therapies in restoring immune balance. 413 

 414 

5.1. Dysregulation of Oxytocin and Immune Imbalance 415 

The balance of immune system activity is crucial for maintaining health. Dysregulation of 416 

oxytocin, whether through receptor malfunction, altered expression levels, or disrupted 417 

signalling pathways, can contribute to immune imbalances. Such imbalances may manifest in 418 
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either excessive immune activation or immune suppression, both of which are linked to a range 419 

of disorders (47). 420 

Decreased oxytocin levels: A reduction in oxytocin levels has been implicated in various 421 

diseases marked by immune dysregulation. In particular, low oxytocin levels can lead to 422 

heightened inflammatory responses. The inability to properly modulate immune cell activity 423 

may contribute to chronic inflammation, which is a hallmark of many autoimmune and 424 

inflammatory diseases (42). Studies have shown that individuals with conditions such as 425 

rheumatoid arthritis, multiple sclerosis, and chronic inflammatory bowel disease may have 426 

lower oxytocin levels, suggesting that insufficient oxytocin signalling could exacerbate these 427 

conditions. 428 

Impaired oxytocin receptor function: The functional disruption of oxytocin receptors (OXTRs) 429 

can also result in immune dysfunction. The reduced sensitivity or expression of OXTRs on 430 

immune cells can hinder oxytocin's ability to regulate cytokine production and immune cell 431 

activation. This dysfunction may lead to an unbalanced immune response, where pro-432 

inflammatory pathways dominate, potentially triggering or worsening autoimmune reactions 433 

(4). 434 

Chronic stress and oxytocin dysregulation: Chronic stress is a significant factor in oxytocin 435 

dysregulation. Prolonged exposure to stress hormones, such as cortisol, can inhibit oxytocin 436 

production and receptor function, disrupting its immune-modulatory effects. Stress-induced 437 

oxytocin deficiency has been associated with immune dysfunction, where the lack of 438 

appropriate immune suppression can contribute to conditions like inflammation, autoimmune 439 

disease, and immune deficiency. The bidirectional relationship between stress and immune 440 

system dysfunction highlights the importance of maintaining proper oxytocin signalling for 441 

immune health (28). 442 

 443 

 444 

 445 

5.2. The Role of Oxytocin in Chronic Diseases and Immune Deficiency 446 

Oxytocin plays an integral role in the immune response, and its dysregulation is associated with 447 

several chronic diseases and conditions marked by immune system dysfunction. The peptide’s 448 

involvement in inflammation, immune tolerance, and the regulation of immune cell activation 449 

makes it crucial in the pathogenesis of a variety of chronic diseases and immune deficiencies 450 

(17). 451 
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Chronic inflammatory diseases: Chronic diseases such as rheumatoid arthritis, systemic lupus 452 

erythematosus, asthma, and inflammatory bowel disease (IBD) are characterized by persistent 453 

inflammation and immune system dysfunction. Dysregulated oxytocin signalling has been 454 

linked to exacerbated inflammation in these conditions. The loss of oxytocin's ability to 455 

suppress pro-inflammatory cytokines such as TNF-α, IL-1β, and IL-6 results in prolonged 456 

immune activation, contributing to disease progression and tissue damage (48). 457 

Neurodegenerative diseases: Alzheimer’s disease and Parkinson’s disease are examples of 458 

neurodegenerative conditions where chronic neuroinflammation plays a key role in disease 459 

pathology. Oxytocin’s neuroprotective and anti-inflammatory properties suggest that 460 

dysregulated oxytocin levels may contribute to the neuro-inflammatory processes observed in 461 

these diseases. Impaired oxytocin signalling may exacerbate microglial activation, leading to 462 

chronic inflammation in the brain, which accelerates neurodegeneration. 463 

Immune deficiency and infections: Oxytocin are also involved in immune responses to 464 

infections. In cases of immune deficiency, such as HIV/AIDS or primary immunodeficiencies, 465 

altered oxytocin signalling may exacerbate immune dysfunction. The lack of oxytocin's 466 

immunomodulatory effects could result in a weakened immune response, increasing 467 

susceptibility to infections and impairing the body’s ability to mount an effective defence 468 

against pathogens. Furthermore, impaired oxytocin production can hinder the resolution of 469 

inflammation, leading to chronic, low-grade inflammation, which is detrimental in immune-470 

deficient states (49). 471 

Psychoneuroimmunological disorders: Disorders that involve the interplay between 472 

psychological stress and immune dysfunction, such as chronic fatigue syndrome (CFS) and 473 

fibromyalgia, may also involve dysregulated oxytocin signalling. In these conditions, chronic 474 

stress and heightened inflammatory responses are common, and oxytocin’s potential to 475 

modulate both stress and immune function suggests it may be an important factor in disease 476 

pathogenesis. Oxytocin dysregulation in these disorders could contribute to the maintenance of 477 

inflammatory processes, muscle pain, and fatigue, hallmark features of CFS and fibromyalgia 478 

(50). 479 

6. Conclusion 480 

The relationship between oxytocin and the immune system is an area of growing scientific 481 

interest, revealing intricate connections between this well-known neuropeptide and immune 482 

function. Oxytocin’s ability to modulate immune responses, influence inflammatory pathways, 483 

and regulate immune cell activity suggests that it plays a central role in maintaining immune 484 

homeostasis. This conclusion summarizes the key findings of the review, discusses the 485 
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implications for future research, and offers final remarks on the potential of oxytocin in 486 

immune system regulation and therapeutic applications. 487 

 488 

6.1. Summary of Key Findings 489 

This review highlighted several important aspects of the interactions between oxytocin and the 490 

immune system: 491 

Oxytocin's Impact on Immune Modulation: Oxytocin influences a variety of immune 492 

processes, including the regulation of cytokine production, immune cell activation, and the 493 

balance between pro-inflammatory and anti-inflammatory responses. By modulating these 494 

processes, oxytocin helps maintain immune homeostasis and prevent excessive inflammation. 495 

Molecular and Genetic Mechanisms: The role of oxytocin in immune function is mediated 496 

through its receptors (OXTRs), signalling pathways such as NF-κB and MAPK, and genetic 497 

regulation of its synthesis and release. Alterations in oxytocin receptor function or signalling 498 

pathways can disrupt immune regulation and contribute to various inflammatory and 499 

autoimmune diseases. 500 

Oxytocin and Inflammatory Response: Oxytocin plays a critical role in controlling 501 

inflammatory pathways, inhibiting excessive cytokine release, and promoting immune 502 

tolerance. The peptide’s ability to modulate oxidative stress and the inflammatory response 503 

positions it as a potential therapeutic agent for inflammatory diseases and conditions marked 504 

by chronic inflammation. 505 

Oxytocin and Immune Dysfunction: Dysregulation of oxytocin signalling is implicated in 506 

immune dysfunction, contributing to autoimmune diseases, chronic inflammatory conditions, 507 

and immune deficiencies. A lack of oxytocin or impaired receptor function can lead to immune 508 

imbalance, resulting in heightened inflammation or compromised immune responses. 509 

Therapeutic Potential: The review discussed the potential for oxytocin-based therapies to 510 

restore immune balance in various conditions, such as autoimmune diseases, 511 

neuroinflammation, chronic inflammation, and immune deficiencies. Oxytocin’s ability to 512 

reduce inflammation, modulate immune cell activity, and alleviate stress-induced immune 513 

dysfunction suggests that it could be a novel therapeutic agent for immune-related disorders. 514 

 515 

6.2. Implications for Future Research 516 

Despite the promising findings, several aspects of oxytocin’s role in immune system regulation 517 

require further investigation. Future research should focus on: 518 
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Mechanistic Insights: More detailed studies are needed to understand the precise molecular 519 

mechanisms through which oxytocin modulates immune function. This includes exploring the 520 

specific signalling pathways involved, the genetic regulation of oxytocin synthesis, and the 521 

downstream effects of oxytocin receptor activation in immune cells. 522 

Clinical Trials: While preclinical studies suggest the therapeutic potential of oxytocin in 523 

managing inflammation and immune dysfunction, clinical trials are necessary to validate its 524 

efficacy and safety in humans. This includes testing oxytocin or oxytocin analogues in patients 525 

with autoimmune diseases, chronic inflammation, and neurodegenerative conditions. 526 

Oxytocin in Immune Deficiency: Research exploring the role of oxytocin in immune 527 

deficiencies, such as HIV/AIDS or primary immunodeficiencies, could provide valuable 528 

insights into its potential as an immune-enhancing therapeutic agent. Investigating how 529 

oxytocin may help restore immune function in these conditions could open new avenues for 530 

treatment. 531 

Oxytocin-Based Therapeutics: Development of oxytocin-based therapeutic strategies, either 532 

through pharmacological administration or behavioural interventions to increase oxytocin 533 

levels (e.g., social bonding, touch therapy), should be a priority. Understanding how these 534 

approaches can modulate immune function and inflammation will be essential in harnessing 535 

the full potential of oxytocin in clinical settings. 536 
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