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Abstract: Polycystic Ovary Syndrome (PCOS) is the most common endocrine disorder that affects
women of reproductive age, representing the primary cause of anovulatory infertility. The nonapep-
tide oxytocin (OT) plays an important role in cognitive, emotional, and reproductive functions in
human beings. Oxytocin receptors are expressed in several body parts, including the ovaries. Despite
this, the possible role played by oxytocin in symptoms of PCOS is not clear. The present systematic
review aimed at understanding the presence of possible oxytocin level alterations in PCOS, the
connection between alterations of OT levels and the symptoms of PCOS, and the effect of oxytocin
administration in PCOS. After a systematic search in the principal databases, eight studies, five
human and three animal, were included. Four human studies and one animal study highlighted
the role played by oxytocin in fertility issues related to PCOS. Three human and two animal studies
investigated the role of body weight and OT levels. Studies that analyzed oxytocin basal levels in
women agreed that PCOS is associated with a reduction in the serum level of oxytocin. Two human
studies and one animal study agreed about lower levels of oxytocin, confirming a possible implication
of the dysfunction of OT in the pathogenesis of PCOS.
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1. Introduction

Polycystic Ovary Syndrome (PCOS) is the most common endocrine disorder that
affects women of reproductive age [1]. Depending on the diagnostic criteria used, its
worldwide prevalence ranges from 4% up to 20% [2]. PCOS is characterized by polycystic
ovary morphology, androgen excess, and ovulatory dysfunction [3]. Because of its typical
metabolic, reproductive, and psychological features, PCOS is a relevant public health con-
cern [4]. In particular, if taken into consideration, about 75% of PCOS cases are estimated
to be undiagnosed [5]. PCOS is associated with high levels of androgens, including dehy-
droepiandrosterone and androstenedione, of adrenal origin, as well as androstenedione
and testosterone, of ovarian origin [6]. PCOS is also usually characterized by increased
luteinizing hormone (LH) levels, elevated LH/FSH ratios [6–9], and low to normal follicle-
stimulating hormone (FSH) levels [7,10]. However, other studies suggest there are no
significant differences in LH/FSH ratios [11] between PCOS and control groups.

Furthermore, PCOS is the primary cause of anovulatory infertility [12], accounting
for 80% of such cases [13,14]. Pregnant PCOS women, on the other hand, have a higher
risk of developing gestational diabetes mellitus or suffering a first-trimester spontaneous
abortion [15,16]. Interestingly, even though an elevated baseline LH/FSH ratio in PCOS
was found to be related to poor ovulatory response, PCOS cases with elevated LH/FSH
ratio were more likely to achieve a clinical pregnancy and live birth than women with
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normal LH/FSH [9]. Ovarian function and cycles are regulated by the hypothalamic–
pituitary–ovarian (HPO) axis, particularly by GnRH and the Gonadotropins.

Since the discovery of its structure in the early 1950s [17], oxytocin (OT), a nine-amino
acid neuropeptide [18], has captivated the attention of the scientific community for its role in
several animal and human physiological functions. Immunohistochemical studies showed
that OT is synthesized in the magnocellular cells of the paraventricular (PVN), supraoptic
nuclei (SON), and parvocellular of PVN, along with a few neurons in the accessory nuclei
of the human and animal hypothalamus, and is transported to the neurohypophysis where
it is released in the blood circulation [19–22]. Moreover, OT is dendritically released by the
hypothalamic neurons and then passively diffused to various target brain regions [23].

Tracing studies also showed long-range axonal projections of oxytocinergic neurons
to several brain regions, such as the hippocampal C1 and C2 subregions and ventral
subiculum, shell, and core of nucleus accumbens, island of Calleja, lateral globus pallidus
lateral, lateral septal nucleus, medial amygdaloid nucleus, and prelimbic cortex [24,25].
The magnocellular PVN projections reach the posterior pituitary gland, where the OT is
released in the bloodstream, acting as a hormone [26]. In this way, OT plays a central role
as a neurotransmitter and peripherally as a hormone.

OT plays a crucial role in several behavioral and reproductive functions in human
beings, such as breastfeeding [27], pregnancy, and parturition [28–30], but also in other
processes, like bonding, decision-making [31], prosocial behavior [32,33], and physical
activity [34]. It is also related to the pleasure associated with orgasm, both in males and
females, being released in elevated quantities during this process [35,36].

OT receptors (OXTR) are expressed in several body parts, including the ovaries and
prostate gland [37,38]. Specifically, OXTRs are found to be expressed in the granulosa cells
and the small follicles in several mammal species, including humans [39], and OT also
takes an unclear role in steroidogenesis [40].

Despite the growing interest in the role played by oxytocin in several human functions,
its possible role in one or more psychological symptoms, such as depression, anxiety, and
social cognitive impairments, or physical symptoms, such as metabolic dysfunctions or
infertility, of PCOS [41] is still not clear or little studied. However, depression was found
to be associated with OT levels [42], and animal evidence highlighted the improvement
of depressive symptoms, such as immobility, after OT administration [43,44]. Moreover,
increased OT serum levels were observed in patients with mood disorders [45], and were
associated with depressive symptoms [42]. Intranasal oxytocin treatment improved sleep
apnea and in general the sleep quality in patients affected by sleep disorders [46,47].

Obesity is one of the principal symptoms observed in PCOS women. Studies on mice
with a deficiency of OT (OT−/−) showed that OT deficiency is responsible for increased
body weight and abdominal fat [48,49]. Interestingly, OT−/− and OXTR−/− normophagic
mice develop late-onset obesity. Moreover, low OT levels were observed in diet-induced
obese mice, and high OT levels observed in synaptotagmin-4-deficient mice that are pro-
tected against obesity [50]. Exogenous OT administration is found to decrease weight and
increase muscular tone [51]. OT and its stable analog, carbetocin, have a negative modula-
tory effect on adipogenesis, with the promotion of osteogenesis in in human multipotent
adipose-derived stem cells [52].

In the present systematic review, we aimed to disentangle the role played by oxytocin
in PCOS, taking into account all animal and human studies that have been published. In
particular, we aimed to understand (i) the presence of possible alterations of basal plasmatic
OT level in PCOS, (ii) in which manner a possible alteration of the OT plasmatic level
can be related to the symptoms of PCOS, and (iii) the presence of a possible effect of OT
administration in PCOS.

2. Materials and Methods

The present systematic review (PROSPERO reg. n. 531987) followed the proce-
dure recommended by the Preferred Reporting Items for Systematic Reviews and Meta-
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Analyses (PRISMA) guidelines [53]. We performed a computer-based search in the principal
databases, such as PubMed, Web of Science, and Scopus, combining terms related to poly-
cystic ovary syndrome and oxytocin (Figure 1).
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Figure 1. Flow chart of the selection process for PCOS and oxytocin. From: Page et al., 2021 [54]
http://www.prisma-statement.org/ (accessed on 20 May 2024).

Moreover, our research question used the PICO strategy protocol. In particular, our
research question was related to the role played by oxytocin (O—Outcome) in women or
animal models with polycystic ovary syndrome (P—Population), determining the level of
oxytocin in body fluids, such as blood and saliva (I—Intervention), in comparison with
healthy women or animals (C—Comparison, Table 1, Supplementary Materials).

In the present systematic review, databases were selected to explore the published
studies using the following keywords: “polycystic ovary syndrome” [MeSH Terms] OR
(“polycystic” [All Fields] AND “ovary” [All Fields] AND “syndrome” [All Fields]) OR
“polycystic ovary syndrome” [All Fields]) AND (“oxytocin” [MeSH Terms] OR “oxytocin”
[All Fields] OR “oxytocin s [All Fields] OR “oxytocin [All Fields] OR “oxytocin [All Fields]”,
with no time limit, and using the Boolean operators AND and OR. The inclusion and
exclusion criteria were determined based on the topic, study design, and population
(Table 2).

http://www.prisma-statement.org/
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Table 1. The search strategy used in the present systematic review.

Polycystic Ovary Syndrome

1. Polycystic ovary syndrome [MeSHTerms]
2. Polycystic [All Fields]
3. Ovary [All Fields]
4. Syndrome [All Fields]
5. Polycystic ovary syndrome [All Fields]
OR/1-2; 4-1
AND/3-4; 1-10

Oxytocin

6. Oxytocin [MeSH Terms]
7. Oxytocin [All Fields]
8. Oxytocin s [All Fields]
9. Oxytocin [All Fields]
10. Oxytocins [All Fields]
OR/6-10

Table 2. Inclusion and exclusion criteria.

Inclusion Criteria Exclusion Criteria

✓Experimental studies
✓Randomized clinical trials
✓Clinical pilot studies
✓Case-control
✓Population genetics studies
✓Animal studies

✓Other endocrine diseases
✓Male studies
✓Reviews (scoping, narrative, and
systematic)
✓Meta-analyses

In the second stage, we removed the duplicates and manually screened both the titles
and abstracts to evaluate if they fulfilled the inclusion and/or exclusion criteria. After that,
we retrieved the full texts of the possibly pertinent studies to verify their eligibility. Two
authors independently carried out the literature search, article screening, and methodologic
evaluation. Both authors discussed the results and a consensus was reached. However, a
third opinion was required when a consensus was not reached.

The included studies were subsequently screened to find further articles in the refer-
ence lists related to the topic of interest. Similarly, we screened all the excluded studies to
identify additional relevant bibliographic sources. To estimate the quality of the selected
studies, when possible, in the current systematic review, the NOS (Newcastle–Ottawa
Scale), a quality assessment scale for case-control and cohort studies (https://www.ohri.ca/
programs/clinical_epidemiology/nosgen.pdf (accessed on 1 March 2024), Tables S1 and S2,
Supplementary Material), was used.

Then, information associated with the characteristics of the participants and inclusion
and exclusion criteria were extracted from each included article, according to the previously
mentioned guidelines. The flowchart in Figure 1 depicts the steps of the selection process.

3. Results

The flowchart depicted in Figure 1 shows the selection process of the studies. We
included eight published studies in the systematic review, after reaching a consensus.
Moreover, we calculated Cohen’s k with 87.17% (k = 0.742), indicating substantial agreement
(https://idostatistics.com/cohen-kappa-free-calculator/ (accessed on 20 May 2024)) [55].
The characteristics of the studies are shown in Table 3.

https://www.ohri.ca/programs/clinical_epidemiology/nosgen.pdf
https://www.ohri.ca/programs/clinical_epidemiology/nosgen.pdf
https://idostatistics.com/cohen-kappa-free-calculator/
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Table 3. Demographics, design, assessment, and principal results as shown in the included studies.

Source Country Subjects Age Design Assessment Treatment Results

Amin et al.,
2023 [56] Italy 212 women - Population

genetics study

Single nucleotide
polymorphisms

(SNPs) within OXTR.
-

Out of 22 OXTR-risk variants tested, three
independent variants were significantly linked
to/in LD with PCOS. Three intronic variants
were linked to PCOS. One intronic variant and
a synonymous variant were both linked and
associated with PCOS. All variants are novel
and have not been previously associated with
PCOS or any PCOS-related phenotype.
Three of the variants were found to confer risk
for PCOS, intersected with a repressed
chromatin state in the ovaries.

Jahromi et al.,
2018 [57] Iran

161 women
(PCOS = 80;

Non-PCOS = 81)
20–35 years Case-control

OT, AMH, BMI, LH,
T, FSH, TSH,

prolactin, and
DHEAS. Fasting

blood sugar, fasting
insulin, blood sugar

2 h after 75 g glucose,
insulin 2 h after

75 g glucose,
and HOMA-IR.

-

The mean OT level was lower in the case group.
The mean BMI, AMH, HOMA-IR, fasting
insulin, and insulin 2 h after 75 g glucose were
higher in the PCOS group. OT was negatively
correlated to AMH when evaluated for all
participants or only among controls. OT was
also negatively correlated to HOMA-IR among
all participants. There was not a significant
relationship between OT and BMI. The
calculated cutoff value for OT was 125 ng/L
and for AMH was 3.6 ng/mL in the
PCOS group.

Piróg et al.,
2023 [58] Poland

56 infertile
women with

PCOS,
18 pregnant

31.89 ± 4.59 years Case-control

Assessment before
ovarian stimulation

(OS) and before
hCG administration.

Assessments of
PNX-14, NES-1, DA,

and OT serum
levels were
performed.

Other tests: LH, FSH,
estradiol, PRL, AMH,

and BMI.

In the whole cohort of patients,
OT levels were weakly associated with BMI
(r = 0.26, p = 0.048) and FSH (r = 0.47,
p = 0.0002). Pregnant group: positive
correlations between baseline OT and PRL
(r = 0.47; p = 0.04), as well as OT
and NES-1 (r = 0.55; p = 0.02). OT level
increases were associated with positive
pregnancy rates. In the post-OS, in pregnant
PCOS, OT was 2.7 times lower than for
non-pregnant women.
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Table 3. Cont.

Source Country Subjects Age Design Assessment Treatment Results

Masrour et al.,
2018 [59] Iran 150 women 19–39

(29 ± 4.48) years Clinical trial

OT, HCG, FSH,
prolactin, follicle

number,
and progesterone.

The three groups at
random received:

100 mg
clomiphene-citrate +

8 units of OT;

100 mg
clomiphene-citrate +
10,000 units of HCG;

100 mg clomiphene
citrate + 8 units of OT

+ 10,000 units
of HCG.

There was no major difference among the
groups regarding the ovulation rate or the
number of follicles, nor were there any
significant side effects observed in any groups.

Ochsenkühn et al.,
2010 [60] Germany 86 women 18–42

(34.2 ± 4.3) years

Randomized,
double-blind,

placebo-controlled
clinical pilot study

Follicle number,
double endometrial
width, estradiol, LH,
and progesterone. To
assess male fertility:
Semen parameters

(native sperm
concentration,

progressive motility,
normal sperm

morphology, semen
volume, and total
progressive motile

sperm count).

132 homologous IUI
cycles with nasal

application of
placebo or eight IU
OT following IUI.

In 132 IUI cycles of 86 women, 17 pregnancies
were achieved, accounting for a pregnancy rate
of 12.9% per IUI cycle. The pregnancy rates
were 13.4% per IUI cycle in the placebo group,
and 12.3% per IUI cycle in the OT group. As
such, the difference was not statistically
significant. No relevant side effects were
observed in both groups.
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Table 3. Cont.

Source Country Subjects Age Design Assessment Treatment Results

Sajadi et al.,
2018 [61] Iran

14 female rats
(PCOS = 7;

Control = 7)
75–95 days Randomized

clinical trial CCh; OT.

Rats in the
experimental group

were subcutaneously
injected with 5 m/g
of free testosterone

on gestational day 20;
controls received

solvent. The
contractions of

isolated uterus in
offspring of both

groups were
recorded by the

power lab system,
after exposure to

CCh and OT.

Uterine contractions were more irregular in
PCOS rats than controls, after exposure to both
contractile agonists.

Isawa et al.,
2019 [62] Japan

Female rats:
Seven

PCOS–OT rats:
DHT-treated
rats (PCOS)

receiving
380 µg/day OT.

Six
PCOS–saline
rats: without
OT treatment,
treated with

saline solution.
Seven saline

rats: non-DHT-
treated rats
with only

saline treatment.

26 days Randomized
clinical trial

Serum levels of AST,
ALT, and LDH.

Histological analysis
of ovaries and

adipocytes.
Hypothalamic

mRNA levels of NPY,
POMC, OT,
and OXTR.

At 8 weeks, seven
PCOS rats were

implanted with OT
(380µg/day)-filled
minipumps which

supplied 12 µL/day
for 14 days. Six

PCOS rats and seven
control rats were
implanted with

saline-
filled minipumps.

Body weight changes were significant between
PCOS–OT and PCOS–saline rats, with PCOS
rats being lighter. The mean visceral fat weight
of the PCOS–OT rats did not differ from that of
the saline-control rats. No difference in the
number of cystic follicles was seen between the
PCOS–OT and PCOS–saline rats. No difference
in hypothalamic mRNA expression of NPY,
POMC, OT, and OXTR among the three groups.
No difference in AST and ALT among the three
groups. LDH levels were higher in
PCOS–saline rats than in the other two groups.
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Table 3. Cont.

Source Country Subjects Age Design Assessment Treatment Results

Yamamoto et al.,
2022 [63] Japan

16 female rats

(PCOSChronic
= 8;

ControlCronic
= 8;

PCOSAcute = 8;
ControlAcute =8)

28 days Randomized
clinical trial

OT, serum level.
Hypothalamic

mRNA levels of NPY,
POMC, OT, OXTR,
prepro-orexin, and

agouti-
related protein.

Visceral fat mRNA
expression of OT

and OXTR

At 10 weeks after the
surgical day, all rats
were injected with

saline for seven
consecutive days,

then injected with OT
(1200 µg/kg, 0.4 to

0.5 mL injection
volume) for the
following seven

consecutive days.

The serum OT level was lower in PCOS model
rats than in control rats, whereas the
hypothalamic OT mRNA expression level did
not differ between them.
Acute intraperitoneal administration of OT
during the dark phase reduced the body
weight gain and food intake in PCOS model
rats. However, these effects were not observed
in control rats.
In contrast, chronic administration of OT
decreased the food intake in both the PCOS
model rats and control rats.

Abbreviations: OXTR, oxytocin receptor; LD, linkage disequilibrium; PCOS, Polycystic Ovary Syndrome; OT, oxytocin; AMH, anti-mullerian hormone; BMI, Body Mass Index;
LH, luteinizing hormone; T, total testosterone; FSH, follicle-stimulating hormone; TSH, thyroid-stimulating hormone; DHEAS, dehydroepiandrosterone sulfate; HOMA-IR, insulin
resistance index; HCG, chorionic gonadotropin; IUI, intrauterine insemination; CCh, carbachol. PNX-14, phoenixin-14; NES-1, nesfatin-1; DA, dopamine; PRL, prolactin. AST, aspartate
aminotransferase; ALT, alanine aminotransferase; LDH, lactate dehydrogenase; NPY, neuropeptide Y; POMC, proopiomelanocortin.
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Both human and animal studies were included. However, the selected studies did
not show homogeneity in terms of both study design and population. The five human
studies included 609 women and were published between 2010 and 2023. Among these,
two were randomized or pseudo-randomized clinical trials, two were case-control studies,
and another one was a population genetics study.

Moreover, the principal focus of the included studies was related to the relationship
between fertility and nasal oxytocin administration. Similarly, Ochsenkühn et al. included
patients with PCOS as a cause of infertility together with different infertile groups [60].
Conversely, the clinical trial performed by Masrour et al. [59] included only infertile patients
with PCOS [56]. During the clinical trial, the patients underwent eight units of OT, but
the authors did not observe any significant changes in terms of infertility. Ochsenkühn
et al., who did not observe any improvement in the fertility of the PCOS group after
OT treatment [60], obtained similar results. Despite the administration of OT, these two
above-mentioned studies did not assess the level of blood or salivary oxytocin in the
participants [60,61]. However, since the main topic of both RCTs was to assess the effect
of eight IU of intranasal OT on infertility in PCOS, the studies found the treatment not
relevant to improving fertility in PCOS patients affected by infertility. As underlined by
Ochsenkühn et al., the failure to detect the effect of OT on the pregnancy rate could be
the result of inadequacy in dose and or mode of administration [60]. The level of OT in
PCOS before a treatment can be relevant, but none of the two RCTs collected such samples
in their PCOS groups. However, Jahromi et al. compared the level of oxytocin and other
hormones (Table 3) in infertile women both with or without PCOS [57]. These authors
found that in PCOS, the mean level of OT was inferior to the non-PCOS group, with a
mean value of 124.94 ng/L compared to 207.42 ng/L (p < 0.0001). Moreover, since the
anti-mullerian hormone usually shows high levels in PCOS, it was negatively correlated
with oxytocin, and the same occurred with insulin resistance. However, the authors did not
observe a significant effect of BMI on oxytocin in both groups. According to the authors,
the hormonal imbalances in the hypothalamic–pituitary–ovarian (HPO) axis, namely the
high LH and low FSH in the PCOS group, could be connected to the lower oxytocin levels.
These low levels can in turn be implicated in chronic anovulation. Notably, this study was
the first that proposed a cut-off value of the oxytocin level in women with PCOS.

Similar results were observed in a case-control study [58] assessing the hypothalamic–
pituitary–ovary axis dysfunction in a sample of 56 infertile PCOS women before ovarian
stimulation with 2.5 mg of letrozole and before human chorionic gonadotropin (hCG)
administration. The authors assessed the serum levels of OT, dopamine (DA), phoenixin-14
(PNX-14), and nesfatin-1 (NEF-1) in groups of pregnant and non-pregnant PCOS women.
Moreover, FSH, LH, AMH, TSH, and prolactin were assessed. In the whole sample, they
found a weak association of OT with BMI and a stronger one with FSH (p < 0.0002).
However, in the pregnant group, higher baseline NES-1 and OT levels (+29.2% and +44%)
were observed. Similarly, OT level increases were associated with positive pregnancy rates.
After OS in pregnant women, the OT levels increased compared to non-pregnant women.

Finally, Amin and colleagues [56] assessed the presence of the polymorphisms of the
gene responsible for the expression of the receptor of oxytocin (OXTR) in 212 Italian PCOS
patients. OXTR is widely expressed in the human body, including in the brain and ovary
tissue [64]. In their genetic population study, the authors tested the hypothesis whereby
the OXTR variants are in linkage disequilibrium with PCOS in Italian families. They found
that five variants, out of 22, were significantly (p < 0.05) linked to or were in linkage
disequilibrium with PCOS. However, all of these variants were not previously related to
clinical manifestations of PCOS. Nonetheless, three of them (rs60345038, rs35498753, and
rs237900) were found to intersect with the repressed chromatin state in the ovaries, with a
negative OXTR gene expression.

In the present systematic review, animal studies were included. The three animal
studies included 50 female rats and were published in 2018 and 2022, respectively. These
three studies were classified as RCTs and both administered OT to PCOS rat models.
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However, Sajadi et al. [61] also administered carbachol. Despite the use of OT, the main
objective of the two studies was different. Sajadi and colleagues [61] studied the uterine
contraction and tone in PCOS and non-PCOS rats after administration of OT or carbachol,
while Yamamoto et al. [63] measured the effects of the administration of acute and chronic
OT on metabolic disorders, as well as the changes in endogenous OT, in PCOS model rats.

Sajadi et al. [61] found that PCOS rats showed more irregular uterine contractions than
controls, and that after being exposed to carbachol, their frequency and resting tone were
significantly increased compared to controls. However, after the exposure to OT, there were
no differences in frequency, resting tone, and amplitude of rhythmic contractions between
both groups.

Yamamoto et al. [63] found that PCOS model rats showed lower serum OT levels
than control rats. Nonetheless, the two groups did not differ in hypothalamic OT mRNA
expression levels. The authors found that there were reductions in body weight gain and
food intake only in PCOS model rats after acute intraperitoneal OT administration during
the dark phase, whereas the chronic administration of OT decreased the food intake in both
the PCOS model rats and control rats. Similar results have been observed by Isawa et al. [62].
They found no difference in the OT and OXTR mRNA expression in PCOS rats and PCOS
rats treated with OT. The authors found that OT administration caused reductions in body
weight, food intake, visceral fat weight, and adipocyte size in a DHT-induced rat model of
PCOS. Among the included studies, one human study and two animal studies investigated
the association between OT levels and BMI in humans or BW in animals (Table 4).

Table 4. BMI and body weight associations with OT levels and OT administration, as reported in the
included studies.

Source Assessment of BMI/BW Effect of OT Administration
on BMI/BW

Association of BMI/BW and OT
Serum Levels

Amin et al., 2023
[56] No -

Risk variants in the OXTR gene pose
an increased risk for obesity

(BMI > 30).

Jahromi et al., 2018 [57] Yes -

The mean oxytocin level was lower
and the mean BMI was higher in
PCOS. More PCOS women had a

BMI > 25 than controls. However, the
relationship between BMI and
oxytocin was not significant.

Piróg et al., 2023 [58] Yes -

BMI levels were assessed both for
pregnant and non-pregnant women.

No between group differences in BMI.
OT levels were weakly associated

with BMI (r = 0.26, p = 0.048).

Masrour et al., 2018 [59] No - -

Ochsenkühn et al., 2010 [60] No - -

Sajadi et al., 2018
[61] No - -

Isawa et al., 2019
[62] Yes

The PCOS–OT group was
significantly lighter than the

PCOS-saline group. BW changes
seen in the PCOS–OT group were
significantly smaller than in the

PCOS–saline group. BW was not
quantified in the text.

-

Yamamoto et al., 2022
[63] Yes

Exogenous administration of OT
during the dark phase reduced

BW gain only in PCOS model rats,
and seven days of OT

administration showed no
significant differences between

PCOS and control rats.

-

Abbreviations: BMI, body mass index; BW, body weight.
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4. Discussion

Despite the relevant role played by the nonapeptide oxytocin in several functions,
such as social cognition, metabolic regulation, and reproduction, only a few recent studies
have investigated its role in PCOS. Given the novelty of the topic, the present systematic
review took into consideration all the studies that investigated the role played by not only
serum oxytocin but also randomized clinical trials with the administration of synthetic
oxytocin. The present review also took into account animal studies, since most of the
current knowledge about PCOS was obtained by studies on rat models. These played a
crucial role in studying and gaining insights into human pathologies during the last two
centuries. Despite some similarities between animals and humans, they also show distinct
characteristics. Acknowledging important disparities regarding OT between animals and
humans, the insights from rat studies are nevertheless important for the comprehension of
the role played by OT in PCOS.

However, despite the lack of studies about the role played in PCOS and its related
symptoms or comorbidities, such as metabolic syndrome, obesity, cardiovascular risk, and
mood disorders [41], several studies have been conducted disentangling the possible role
of serum OT in these pathological conditions. One of the comorbidities is represented
by metabolic syndrome. Among women affected by metabolic syndrome, those with
prediabetes and type two diabetes showed significantly lower serum OT levels than those
affected by metabolic syndrome without diabetes [65]. In obese women, lower levels of
plasmatic OT than in non-obese women were observed [66]. Metabolic alterations were also
studied in PCOS rats [63]. Rats to which OT was administered showed a significant decrease
in weight and food intake [63]. However, this study did not quantify the lipolysis in the
adipose tissue of the rats. Previous findings indicated that OT administration significantly
reduced the area of adipocytes, the serum triglyceride, aspartate aminotransferase level
alanine aminotransferase, and alkaline phosphatase in ovariectomized rats [67]. Moreover,
according to the results reported by Yamamoto and colleagues [63], an OT-mediated
mechanism was involved in obesity and food intake in the PCOS rats. However, in PCOS
the authors found a decrease in serum OT levels and no difference in the hypothalamic
mRNA expression of OT and OXTR after the acute systemic administration of OT. In
peri- and post-menopausal rats, the administration of OT reduced the body weight and
adipocyte size, without affecting the serum levels of hepatic enzymes [68]. The menopausal
period is considered a risk factor for visceral adiposity and metabolic disorders. Several
studies found reduced serum OT levels in pre- and postmenopausal women [69–72].

Several findings showed that oxytocin is useful for treating obesity and prevent-
ing metabolic disorders [73–78]. Among the variants observed in PCOS in the popula-
tion study of Amin et al. [56], rs60345038 was also found to be relevant for type 2 dia-
betes [79], indicating a possible predisposition for diabetes in PCOS patients. OT values
were found to be significantly lower in obese post-menopausal women compared to obese
pre-menopausal women. Interestingly, significantly lower OT serum levels were observed
between obese and normal-weight postmenopausal women [69]. Significant lower OT
levels were also found in women with surgical menopause as compared to those with
normal menopause [70]. During menopause and in T2D patients, the cardiovascular risk
increases. OT and OXTR were found in the atria and ventricles of rat hearts and in the large
blood vessels, indicating a possible autocrine and paracrine role played by OT, regulating
the vascular tone and the atrial and ventricular load [80,81]. In ovariectomized rats with
deprivation of ovarian hormones, a reduction of the OXTR mRNA levels in PVN subnuclei
was observed causing autonomic dysregulation [82].

Most of the studies underestimated the relevance of the levels of OT in women or
female rats with PCOS by not reporting possible OT basal level differences. Notably, only
three studies found that in PCOS, the levels of OT were lower than in healthy controls.
Indeed, two human studies and one animal study agreed about lower levels of PCOS,
confirming a possible implication of OT in the pathogenesis of the syndrome, which could
negatively affect the effect of OT administrations. Despite the complexity of the symptoms
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of PCOS, anovulatory infertility represents one of the most relevant issues. In PCOS, the
normal follicular development is compromised and the ovaries contain an excess of small
antral follicles. Estrogen is an extracellular signal that can regulate the expression of OXTR.
The estrogen receptor (E2) is localized in the nucleus, cytoplasm, and mitochondria. The
two E2 subtypes (E2 α and E2β) affect both OT and OXTR expression: E2 α induces OXTR
expression, whereas the activated E2β induces OT transcription in rat brains [83,84].

E2 is secreted by the granulosa cells of developing antral follicles, upon which FSH
controls the maturation and the selection of the dominant pre-ovulatory follicle and triggers
the LH required for ovulation [85–87]. The effect of E2 is mediated by estradiol receptors
α (E2 α) and β (E2 β), which showed a different expression in the granulosa cells in
developing follicles.

A few studies in humans and primates have found that E2 β is the principal mediator
of E2 in granulosa cells. Since E2 β is detected in both pre-antral and mature follicles.
Thus, E2 is considered as a marker of follicular quality. In PCOS patients, the selection
of predominant pre-ovulatory follicle is arrested, and the observed low levels of FSH, in
PCOS, do not allow the stimulation of follicle maturation. Follicular fluid in PCOS women
showed low levels of E2 [78,79]. However, this mechanism is still unknown [88].

A significant increase of OT and E2 has been found in the myometrium during labor
in healthy women, indicating a possible paracrine OT stimulation by E2 relevant to the
uterus [89]. According to Pirog and colleagues, OT can be considered a predictor of
pregnancy before ovarian stimulation therapy [58]. However, a recent meta-analysis
assessed the OT concentrations during the stages of the menstrual cycle in normal cycling
women, finding an increase in serum OT during the follicular phase. Interestingly, the
change in oxytocin concentrations from the follicular phase to ovulation was larger than
the change from the follicular phase to the luteal one [90]. In the follicular fluid of infertile
women without PCOS, Tachibana et al. [91] found that the OT level was extremely low,
and not related to the OT serum level. OT and E2 serum levels increased during ovulatory
and luteal phases [91]. However, Franik et al. [92] found that values of E2/T and E2/A
indexes, relevant to homeostasis model assessment of insulin resistance (HOMA-IR), were
significantly lower in the PCOS than non-PCOS subjects, but did not differ significantly
between the obese and normal weight groups.

The focus of the studies that we included was only related to the infertility issues
related to PCOS. In different animal models, oxytocin seems to have a role in fertility
by promoting the release of PGF2α from endometrial cells. Moreover, OT is involved in
the process of luteolysis [93,94]. A similar mechanism is also present in humans, but a
positive role of administration of OT in folliculogenesis and increasing pregnancy rates
in both humans and animals was reported in a few studies [95,96]. Ochsenkühn and
colleagues [60] did not observe any increase in the pregnancy rate in couples affected by
PCOS and infertility after eight IU intranasal OT administrations. The role of OT in uterine
contractions has been assessed in a recent study [61] which compared PCOS and non-PCOS
female rats’ uteri. After administration of the oxytocin, no significant differences were
observed in the amplitude, tone, and frequency in the rhythmic uterine contractions of
PCOS rats. However, the increase in the dose of OT stimulated higher levels of tone, with a
decrease in the contraction frequency in PCOS rats’ uterine tissues. It is well-studied that
in the myometrium, the number of oxytocin receptors increases during pregnancy [97],
allowing the uterus to become more sensitive to oxytocin and thus affecting the pattern
of contractions during pregnancy and labor. Despite this, Leonhardt et al. [98] did not
find uterine morphological differences using magnetic resonance imaging, and less uterine
peristaltic movement was found in PCOS assessed with transvaginal ultrasonography.

Despite the increase in the number of receptors, their genetic expression can be differ-
ent in PCOS. Amin et al. [56] reported five novel genetic variants for the receptor of OT
(OXTR) associated with the risk of developing PCOS in multigenerational Italian families.
These variants of the OXTR gene were found to be related to the principal symptoms of
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PCOS, such as anovulation or oligovulation, hyperandrogenism, polycystic ovaries, and
the increased risk for metabolic alterations [79].

Some of the variants found by Amin are considered relevant for vulnerability to differ-
ent disorders. The variant OXTR rs237902 found by Amin et al. [56] has been associated
with schizophrenia vulnerability. Specifically, a significant association between rs237902
and negative symptoms, such as blunted affect, alogia, avolition asociality, and anhedonia,
in schizophrenic patients and an overrepresentation in male aggressive children were
observed [99–101].

The same variant (rs237902) was found to be related to autism spectrum disorder [102].
According to Dinsdale and Crespi [103], the relevance of oxytocin and possible alterations
in the OT and OTXR system in PCOS is still not well understood. According to their review,
PCOS and autism spectrum disorder (ASD) share several behavioral features that could
induce speculation about a possible common role of OT in the two disorders [103]. Similarly,
a recent meta-analysis [104] assessed the studies that reported the odds of PCOS women
having a child with autism spectrum disorder and the risk of ASD in women with PCOS.
The authors included ten studies finding that, according to the available evidence, PCOS
women have increased odds of having a child with ASD. Regarding the evidence on the
prevalence of ASD in PCOS women, results suggest that women with PCOS are more likely
to be diagnosed with ASD. Particularly, Hergüner et al [105], after administration of the
Autism-Spectrum Quotient (AQ) to a sample of PCOS women, found that patients showed
higher total AQ and communication scores than age- and BMI-matched healthy women.

AQ is a 50-item self-report questionnaire that assesses social skills, communication
skills, imagination abilities, attention switching, and attention to detail. AQ shows good
psychometric properties.

5. Conclusions

PCOS is a multifaceted syndrome involving several symptoms affecting the patients’
quality of life at different levels. The present review described the studies that analyzed the
levels, or the effects of administering, OT in PCOS.

The studies reported in the present systematic review took into account only a part of
the possible roles played by OT in PCOS. Most of the studies highlighted the role played
by OT in fertility issues related to PCOS, and only one study found an increased pregnancy
rate concomitant with high OT levels. However, studies that analyzed the basal levels
of OT in PCOS women agreed that is accompanied by a reduction in the serum level of
oxytocin. One could speculate that OT acts in synergy with FSH to promote follicular
development towards ovulation and low levels of OT in PCOS which, together with low
levels of FSH, may contribute to the anovulation that is typical of PCOS. Another possible
interplay occurs between OT levels and the ovulatory LH surge, suggesting a synergy in
ovulation. This also might explain why PCOS cases that have low levels of OT do not have
normal rates of ovulation.

However, less still is known about possible molecular mechanisms that may also be
able to affect the central tone, resulting in cognitive and behavioral alterations in normal
and PCOS women. The possibility of altered OXTRs in PCOS resulting from SNP variants
supports this view.

Based on previous, non-PCOS evidence, a possible OT autocrine/paracrine imbalance
in the granulosa cells may be hypothesized, influenced by anovulation that is observed in
the PCOS phenotype A, in which the polycystic ovary morphology is present.

Further, the partial deprivation of ovarian hormones, as shown by studies in ovariec-
tomized rats, can affect the OTXR mRNA hypothalamic levels, resulting in behavioral
alterations and obesity.

It was noticeable that different dosage regimens of OT administration or OT admin-
istration patterns were not sufficiently studied. Furthermore, despite the novelty and
relevance of the topic, none of these studies analyzed the effect of OT administration on
prosocial behavior or in couples’ relationships and sexual satisfaction in PCOS.
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6. Future Directions

Several outstanding issues need to be clarified by further studies that could disentangle
the role played by OT in follicular development and ovulation/anovulation. Moreover, if
the administration of OT, and in which dose and pattern of administration, can result in
the improvement of ovulation in PCOS women should be investigated. Further studies are
needed to clarify if OT basal serum levels are associated with metabolic disorders in PCOS.
Moreover, none of the studies that were included in the present systematic review assessed
the relationship between OT and social behavior and psychiatric comorbidities, such as
mood and anxiety disorders, in PCOS and non-PCOS women.
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AMH anti-mullerian hormone
BMI Body Mass Index
T total testosterone
FSH follicle-stimulating hormone
TSH thyroid-stimulating hormone
DHEAS dehydroepiandrosterone sulfate
HOMA-IR insulin resistance index
HCG chorionic gonadotropin
IUI intrauterine insemination
CCh carbachol
PNX-14 phoenixin-14
NES-1 nesfatin-1
DA dopamine
PRL prolactin
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P4 progesterone
E2 estradiol
AST aspartate aminotransferase
ALT alanine aminotransferase
LDH lactate dehydrogenase
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E2/T estradiol/testosterone ratio
E2/A estradiol/androstenedione ratio

References
1. Witchel, S.F.; Teede, H.J.; Peña, A.S. Curtailing PCOS. Pediatr. Res. 2020, 87, 353–361. [CrossRef] [PubMed]
2. Deswal, R.; Narwal, V.; Dang, A.; Pundir, C.S. The Prevalence of Polycystic Ovary Syndrome: A Brief Systematic Review. J. Hum.

Reprod. Sci. 2020, 13, 261–271. [CrossRef] [PubMed]
3. Chiaffarino, F.; Cipriani, S.; Dalmartello, M.; Ricci, E.; Esposito, G.; Fedele, F.; La Vecchia, C.; Negri, E.; Parazzini, F. Prevalence

of polycystic ovary syndrome in European countries and USA: A systematic review and meta-analysis. Eur. J. Obstet. Gynecol.
Reprod. Biol. 2022, 279, 159–170. [CrossRef] [PubMed]

4. Azziz, R.; Carmina, E.; Chen, Z.; Dunaif, A.; Laven, J.S.; Legro, R.S.; Lizneva, D.; Natterson-Horowtiz, B.; Teede, H.J.; Yildiz, B.O.
Polycystic ovary syndrome. Nature reviews. Dis. Primers 2016, 2, 16057. [CrossRef] [PubMed]

5. Carmina, E. Diagnosis of polycystic ovary syndrome: From NIH criteria to ESHRE-ASRM guidelines. Minerva Ginecol. 2004, 56,
1–6. [PubMed]

6. Blank, S.K.; McCartney, C.R.; Chhabra, S.; Helm, K.D.; Eagleson, C.A.; Chang, R.J.; Marshall, J.C. Modulation of gonadotropin-
releasing hormone pulse generator sensitivity to progesterone inhibition in hyperandrogenic adolescent girls—Implications for
regulation of pubertal maturation. J. Clin. Endocrinol. Metab. 2009, 94, 2360–2366. [CrossRef] [PubMed]

7. Haqq, L.; McFarlane, J.; Dieberg, G.; Smart, N. Effect of lifestyle intervention on the reproductive endocrine profile in women
with polycystic ovarian syndrome: A systematic review and meta-analysis. Endocr. Connect. 2014, 3, 36–46. [CrossRef] [PubMed]

8. Malini, N.A.; Roy George, K. Evaluation of different ranges of LH: FSH ratios in polycystic ovarian syndrome (PCOS)—Clinical
based case control study. Gen. Comp. Endocrinol. 2018, 260, 51–57. [CrossRef] [PubMed]

9. Xia, Q.; Xie, L.; Wu, Q.; Cong, J.; Ma, H.; Li, J.; Cai, W.; Wu, X. Elevated baseline LH/FSH ratio is associated with poor ovulatory
response but better clinical pregnancy and live birth in Chinese women with PCOS after ovulation induction. Heliyon 2023,
9, e13024. [CrossRef]

10. Kriedt, K.J.; Alchami, A.; Davies, M.C. PCOS: Diagnosis and management of related infertility. Obstet. Gynaecol. Reprod. Med.
2019, 29, 1–5. [CrossRef]

11. Cho, L.W.; Jayagopal, V.; Kilpatrick, E.S.; Holding, S.; Atkin, S.L. The LH/FSH ratio has little use in diagnosing polycystic ovarian
syndrome. Ann. Clin. Biochem. 2006, 43 Pt 3, 217–219. [CrossRef] [PubMed]

12. Joham, A.E.; Norman, R.J.; Stener-Victorin, E.; Legro, R.S.; Franks, S.; Moran, L.J.; Boyle, J.; Teede, H.J. Polycystic ovary syndrome.
Lancet Diabetes Endocrinol. 2022, 10, 668–680. [CrossRef] [PubMed]

13. Balen, A.H.; Morley, L.C.; Misso, M.; Franks, S.; Legro, R.S.; Wijeyaratne, C.N.; Stener-Victorin, E.; Fauser, B.C.; Norman, R.J.;
Teede, H. The management of anovulatory infertility in women with polycystic ovary syndrome: An analysis of the evidence to
support the development of global WHO guidance. Hum. Reprod. Update 2016, 22, 687–708. [CrossRef] [PubMed]

14. Melo, A.S.; Ferriani, R.A.; Navarro, P.A. Treatment of infertility in women with polycystic ovary syndrome: Approach to clinical
practice. Clinics 2015, 70, 765–769. [CrossRef]

15. Sirmans, S.M.; Pate, K.A. Epidemiology, diagnosis, and management of polycystic ovary syndrome. Clin. Epidemiol. 2013, 6, 1–13.
[CrossRef] [PubMed]

16. Salley, K.E.; Wickham, E.P.; Cheang, K.I.; Essah, P.A.; Karjane, N.W.; Nestler, J.E. Glucose intolerance in polycystic ovary
syndrome—A position statement of the Androgen Excess Society. J. Clin. Endocrinol. Metab. 2007, 92, 4546–4556. [CrossRef]
[PubMed]

17. Du Vigneaud, V.; Ressler, C.; Swan, J.M.; Roberts, C.W.; Katsoyannis, P.G. Oxytocin: Synthesis. J. Am. Chem. Soc. 1954, 76,
3115–3118. [CrossRef]

18. Freund-Mercier, M.J.; Moos, F.; Poulain, D.A.; Richard, P.; Rodriguez, F.; Theodosis, D.T.; Vincent, J.D. Role of central oxytocin in
the control of the milk ejection reflex. Brain Res. Bull. 1988, 20, 737–741. [CrossRef] [PubMed]

19. Dierickx, K.; Vandesande, F. Immunocytochemical demonstration of separate vasopressin Neurophysin and oxytocin-neurophysin
neurons in the human hypothalamus. Cell Tissue Res. 1979, 196, 203–212. [CrossRef]

20. Carter, C.S. Oxytocin pathways and the evolution of human behavior. Annu. Rev. Psychol. 2014, 65, 17–39. [CrossRef]
21. Freda, S.N.; Priest, M.F.; Badong, D.; Xiao, L.; Liu, Y.; Kozorovitskiy, Y. Brainwide input-output architecture of paraventricular

oxytocin and vasopressin neurons. bioRxiv 2022. [CrossRef]
22. Manjila, S.B.; Betty, R.; Kim, Y. Missing pieces in decoding the brain oxytocin puzzle: Functional insights from mouse brain

wiring diagrams. Front. Neurosci. 2022, 16, 1044736. [CrossRef] [PubMed]
23. Landgraf, R.; Neumann, I.D. Vasopressin and oxytocin release within the brain: A dynamic concept of multiple and variable

modes of neuropeptide communication. Front. Neuroendocrinol. 2004, 25, 150–176. [CrossRef] [PubMed]
24. Knobloch, H.S.; Charlet, A.; Hoffmann, L.C.; Eliava, M.; Khrulev, S.; Cetin, A.H.; Osten, P.; Schwarz, M.K.; Seeburg, P.H.; Stoop, R.;

et al. Evoked axonal oxytocin release in the central amygdala attenuates fear response. Neuron 2012, 73, 553–566. [CrossRef]
[PubMed]

https://doi.org/10.1038/s41390-019-0615-1
https://www.ncbi.nlm.nih.gov/pubmed/31627209
https://doi.org/10.4103/jhrs.JHRS_95_18
https://www.ncbi.nlm.nih.gov/pubmed/33627974
https://doi.org/10.1016/j.ejogrb.2022.10.020
https://www.ncbi.nlm.nih.gov/pubmed/36343588
https://doi.org/10.1038/nrdp.2016.57
https://www.ncbi.nlm.nih.gov/pubmed/27510637
https://www.ncbi.nlm.nih.gov/pubmed/14973405
https://doi.org/10.1210/jc.2008-2606
https://www.ncbi.nlm.nih.gov/pubmed/19351732
https://doi.org/10.1530/EC-14-0010
https://www.ncbi.nlm.nih.gov/pubmed/24488490
https://doi.org/10.1016/j.ygcen.2017.12.007
https://www.ncbi.nlm.nih.gov/pubmed/29273352
https://doi.org/10.1016/j.heliyon.2023.e13024
https://doi.org/10.1016/j.ogrm.2018.12.001
https://doi.org/10.1258/000456306776865188
https://www.ncbi.nlm.nih.gov/pubmed/16704758
https://doi.org/10.1016/S2213-8587(22)00163-2
https://www.ncbi.nlm.nih.gov/pubmed/35934017
https://doi.org/10.1093/humupd/dmw025
https://www.ncbi.nlm.nih.gov/pubmed/27511809
https://doi.org/10.6061/clinics/2015(11)09
https://doi.org/10.2147/CLEP.S37559
https://www.ncbi.nlm.nih.gov/pubmed/24379699
https://doi.org/10.1210/jc.2007-1549
https://www.ncbi.nlm.nih.gov/pubmed/18056778
https://doi.org/10.1021/ja01641a004
https://doi.org/10.1016/0361-9230(88)90085-8
https://www.ncbi.nlm.nih.gov/pubmed/3044521
https://doi.org/10.1007/BF00240096
https://doi.org/10.1146/annurev-psych-010213-115110
https://doi.org/10.1101/2022.01.17.476652
https://doi.org/10.3389/fnins.2022.1044736
https://www.ncbi.nlm.nih.gov/pubmed/36389241
https://doi.org/10.1016/j.yfrne.2004.05.001
https://www.ncbi.nlm.nih.gov/pubmed/15589267
https://doi.org/10.1016/j.neuron.2011.11.030
https://www.ncbi.nlm.nih.gov/pubmed/22325206


Curr. Issues Mol. Biol. 2024, 46 5238

25. Carcea, I.; Caraballo, N.L.; Marlin, B.J.; Ooyama, R.; Riceberg, J.S.; Mendoza Navarro, J.M.; Opendak, M.; Diaz, V.E.; Schuster, L.;
Alvarado Torres, M.I.; et al. Oxytocin neurons enable social transmission of maternal behaviour. Nature 2021, 596, 553–557.
[CrossRef]

26. Ludwig, M.; Leng, G. Dendritic peptide release and peptide-dependent behaviours. Nat. Rev. Neurosci. 2006, 7, 126–136.
[CrossRef] [PubMed]

27. UvnäsMoberg, K.; Ekström-Bergström, A.; Buckley, S.; Massarotti, C.; Pajalic, Z.; Luegmair, K.; Kotlowska, A.; Lengler, L.; Olza,
I.; Grylka-Baeschlin, S.; et al. Maternal plasma levels of oxytocin during breastfeeding—A systematic review. PLoS ONE 2020,
15, e0235806. [CrossRef] [PubMed]

28. Morris, M.; Stevens, S.W.; Adams, M.R. Plasma oxytocin during pregnancy and lactation in the cynomolgus monkey. Biol. Reprod.
1980, 23, 782–787. [CrossRef]

29. Prevost, M.; Zelkowitz, P.; Tulandi, T.; Hayton, B.; Feeley, N.; Carter, C.S.; Joseph, L.; Pournajafi-Nazarloo, H.; Ping, E.Y.;
Abenhaim, H.; et al. Oxytocin in pregnancy and the postpartum: Relations to labor and its management. Front. Public Health 2014,
2, 63777. [CrossRef]

30. Levine, A.; Zagoory-Sharon, O.; Feldman, R.; Weller, A. Oxytocin during pregnancy and early postpartum: Individual patterns
and maternal-fetal attachment. Peptides 2007, 28, 1162–1169. [CrossRef]

31. Bozorgmehr, A.; Alizadeh, F.; Sadeghi, B.; Shahbazi, A.; Ofogh, S.N.; Joghataei, M.T.; Razian, S.; Heydari, F.; Ghadirivasfi, M.
Oxytocin moderates risky decision-making during the Iowa gambling task: A new insight based on the role of oxytocin receptor
gene polymorphisms and interventional cognitive study. Neurosci. Lett. 2019, 708, 134328. [CrossRef] [PubMed]

32. Zak, P.J.; Kurzban, R.; Matzner, W.T. Oxytocin is associated with human trustworthiness. Horm. Behav. 2005, 48, 522–527.
[CrossRef] [PubMed]

33. Winslow, J.T.; Insel, T.R. The social deficits of the oxytocin knockout mouse. Neuropeptides 2002, 36, 221–229. [CrossRef] [PubMed]
34. Heinrichs, M.; von Dawans, B.; Domes, G. Oxytocin, vasopressin, and human social behavior. Front. Neuroendocrinol. 2009, 30,

548–557. [CrossRef] [PubMed]
35. Cera, N.; Vargas-Cáceres, S.; Oliveira, C.; Monteiro, J.; Branco, D.; Pignatelli, D.; Rebelo, S. How relevant is the systemic oxytocin

concentration for human sexual behavior? A systematic review. Sex. Med. 2021, 9, 100370. [CrossRef] [PubMed]
36. Caruso, S.; Mauro, D.; Scalia, G.; Palermo, C.I.; Rapisarda AM, C.; Cianci, A. Oxytocin plasma levels in orgasmic and anorgasmic

women. Gynecol. Endocrinol. 2018, 34, 69–72. [CrossRef]
37. Uvnäs-Moberg, K. Oxytocin may mediate the benefits of positive social interaction and emotions. Psychoneuroendocrinology 1998,

23, 819–835. [CrossRef]
38. Tabak, B.A.; Leng, G.; Szeto, A.; Parker, K.J.; Verbalis, J.G.; Ziegler, T.E.; Lee, M.R.; Neumann, I.D.; Mendez, A.J. Advances in

human oxytocin measurement: Challenges and proposed solutions. Mol. Psychiatry 2023, 28, 127–140. [CrossRef]
39. Yamamoto, K.; Nakano, Y.; Iwata, N.; Soejima, Y.; Suyama, A.; Hasegawa, T.; Otsuka, F. Oxytocin enhances progesterone

production with upregulation of BMP-15 activity by granulosa cells. Biochem. Biophys. Res. Commun. 2023, 646, 103–109.
[CrossRef]

40. Saller, S.; Kunz, L.; Dissen, G.; Stouffer, R.; Ojeda, S.; Berg, D.; Berg, U.; Mayerhofer, A. Oxytocin receptors in the primate ovary:
Molecular identity and link to apoptosis in human granulosa cells. Hum. Reprod. 2010, 25, 969–976. [CrossRef]

41. Pinto, J.; Cera, N.; Pignatelli, D. Psychological symptoms and brain activity alterations in women with PCOS and their relation to
the reduced quality of life: A narrative review. J. Endocrinol. Investig. 2024, 1–22. [CrossRef] [PubMed]

42. Scantamburlo, G.; Hansenne, M.; Fuchs, S.; Pitchot, W.; Maréchal, P.; Pequeux, C.; Ansseau, M.; Legros, J. Plasma oxytocin levels
and anxiety in patients with major depression. Psychoneuroendocrinology 2007, 32, 407–410. [CrossRef] [PubMed]

43. Meisenberg, G. Short-term behavioral effects of neurohypophyseal peptides in mice. Peptides 1981, 2, 1–8. [CrossRef] [PubMed]
44. Arletti, R.; Bertolini, A. Oxytocin acts as an antidepressant in two animal models of depression. Life Sci. 1987, 41, 1725–1730.

[CrossRef] [PubMed]
45. Parker, K.J.; Kenna, H.A.; Zeitzer, J.M.; Keller, J.; Blasey, C.M.; Amico, J.A.; Schatzberg, A.F. Preliminary evidence that plasma

oxytocin levels are elevated in major depression. Psychiatry Res. 2010, 178, 359–362. [CrossRef] [PubMed]
46. Jain, V.; Marbach, J.; Kimbro, S.; Andrade, D.C.; Jain, A.; Capozzi, E.; Mele, K.; Del Rio, R.; Kay, M.W.; Mendelowitz, D. Benefits of

oxytocin administration in obstructive sleep apnea. Am. J. Physiol.-Lung Cell. Mol. Physiol. 2017, 313, L825–L833. [CrossRef]
47. Raymond, J.S.; Rehn, S.; Hoyos, C.M.; Bowen, M.T. The influence of oxytocin-based interventions on sleep-wake and sleep-related

behaviour and neurobiology: A systematic review of preclinical and clinical studies. Neurosci. Biobehav. Rev. 2021, 131, 1005–1026.
[CrossRef] [PubMed]

48. Camerino, C. Low sympathetic tone and obese phenotype in oxytocin-deficient mice. Obesity 2009, 17, 980–984. [CrossRef]
49. Takayanagi, Y.; Kasahara, Y.; Onaka, T.; Takahashi, N.; Kawada, T.; Nishimori, K. Oxytocin receptor-deficient mice developed

late-onset obesity. Neuroreport 2008, 19, 951–955. [CrossRef]
50. Zhang, G.; Bai, H.; Zhang, H.; Dean, C.; Wu, Q.; Li, J.; Guariglia, S.; Meng, Q.; Cai, D. Neuropeptide exocytosis involving

synaptotagmin-4 and oxytocin in hypothalamic programming of body weight and energy balance. Neuron 2011, 69, 523–535.
[CrossRef]

51. Camerino, C. The New Frontier in Oxytocin Physiology: The Oxytonic Contraction. Int. J. Mol. Sci. 2020, 21, 5144. [CrossRef]
[PubMed]

https://doi.org/10.1038/s41586-021-03814-7
https://doi.org/10.1038/nrn1845
https://www.ncbi.nlm.nih.gov/pubmed/16429122
https://doi.org/10.1371/journal.pone.0235806
https://www.ncbi.nlm.nih.gov/pubmed/32756565
https://doi.org/10.1095/biolreprod23.4.782
https://doi.org/10.3389/fpubh.2014.00001
https://doi.org/10.1016/j.peptides.2007.04.016
https://doi.org/10.1016/j.neulet.2019.134328
https://www.ncbi.nlm.nih.gov/pubmed/31200092
https://doi.org/10.1016/j.yhbeh.2005.07.009
https://www.ncbi.nlm.nih.gov/pubmed/16109416
https://doi.org/10.1054/npep.2002.0909
https://www.ncbi.nlm.nih.gov/pubmed/12359512
https://doi.org/10.1016/j.yfrne.2009.05.005
https://www.ncbi.nlm.nih.gov/pubmed/19505497
https://doi.org/10.1016/j.esxm.2021.100370
https://www.ncbi.nlm.nih.gov/pubmed/34118520
https://doi.org/10.1080/09513590.2017.1336219
https://doi.org/10.1016/S0306-4530(98)00056-0
https://doi.org/10.1038/s41380-022-01719-z
https://doi.org/10.1016/j.bbrc.2023.01.073
https://doi.org/10.1093/humrep/dep467
https://doi.org/10.1007/s40618-024-02329-y
https://www.ncbi.nlm.nih.gov/pubmed/38485896
https://doi.org/10.1016/j.psyneuen.2007.01.009
https://www.ncbi.nlm.nih.gov/pubmed/17383107
https://doi.org/10.1016/S0196-9781(81)80003-4
https://www.ncbi.nlm.nih.gov/pubmed/7243620
https://doi.org/10.1016/0024-3205(87)90600-X
https://www.ncbi.nlm.nih.gov/pubmed/3657379
https://doi.org/10.1016/j.psychres.2009.09.017
https://www.ncbi.nlm.nih.gov/pubmed/20494448
https://doi.org/10.1152/ajplung.00206.2017
https://doi.org/10.1016/j.neubiorev.2021.10.016
https://www.ncbi.nlm.nih.gov/pubmed/34673110
https://doi.org/10.1038/oby.2009.12
https://doi.org/10.1097/WNR.0b013e3283021ca9
https://doi.org/10.1016/j.neuron.2010.12.036
https://doi.org/10.3390/ijms21145144
https://www.ncbi.nlm.nih.gov/pubmed/32708109


Curr. Issues Mol. Biol. 2024, 46 5239

52. Elabd, C.; Basillais, A.; Beaupied, H.; Breuil, V.; Wagner, N.; Scheideler, M.; Zaragosi, L.-E.; Massiéra, F.; Lemichez, E.;
Trajanoski, Z.; et al. Oxytocin controls differentiation of human mesenchymal stem cells and reverses osteoporosis. Stem Cells
2008, 26, 2399–2407. [CrossRef]

53. Knobloch, K.; Yoon, U.; Vogt, P.M. Preferred reporting items for systematic reviews and meta-analyses (PRISMA) statement and
publication bias. J. Cranio-Maxillofac. Surg. 2011, 39, 91–92. [CrossRef]

54. Page, M.J.; McKenzie, J.E.; Bossuyt, P.M.; Boutron, I.; Hoffmann, T.C.; Mulrow, C.D.; Shamseer, L.; Tetzlaff, J.M.; Akl, E.A.;
Brennan, S.E.; et al. The PRISMA 2020 statement: An updated guideline for reporting systematic reviews. BMJ 2021, 29, 372.

55. Landis, J.R.; Koch, G.G. An application of hierarchical kappa-type statistics in the assessment of majority agreement among
multiple observers. Biometrics 1977, 33, 363–374. [CrossRef]

56. Amin, M.; Horst, N.; Wu, R.; Gragnoli, C. Oxytocin receptor (OXTR) is a risk gene for polycystic ovarian syndrome. Eur. Rev.
Med. Pharmacol. Sci. 2023, 27, 2634–2639. [PubMed]

57. Jahromi, B.N.; Dabbaghmanesh, M.H.; Bakhshaie, P.; Parsanezhad, M.E.; Anvar, Z.; Alborzi, M.; Zarei, A.; Bakhshaei, M.
Assessment of oxytocin level, glucose metabolism components and cutoff values for oxytocin and anti-mullerian hormone in
infertile PCOS women. Taiwan. J. Obstet. Gynecol. 2018, 57, 555–559. [CrossRef] [PubMed]
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