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Abstract

Introduction: Psychosocial stress, particularly social isolation, is increasingly recognized as a potential factor influencing female infertility by
disrupting hormonal balance and impairing the implant ability of the endometrium. Women who undergo major life transitions such as
migration, displacement, or adaptation to new sociocultural environments show greater vulnerability to chronic stress, which can negatively
impact reproductive function and contribute to delayed conception. To investigate the effect of social isolation on reproductive hormones and
implantation-related gene expression in female rabbits, serving as a model for human psychosocial stress.

Materials and Methods: Eighty healthy female rabbits (6-8 months old) were randomly assigned into two groups: the control group (n = 40),
which received standard housing and care, and the stress group (n = 40), which was in complete social isolation for 14 days before and 14 days
after mating. On day 7 post-mating, blood collection for hormone level measurement (FSH, LH, estrogen, progesterone, and cortisol) was done
using standard protocols of the ELISA technique. On the same day, a hysterectomy was performed on these two groups, and uterine tissues were
collected for analysis of gene expression by real-time PCR analysis of three implantation-related genes including £/F, HOXA10, and Integrin 3.
Results: Social isolation significantly reduced FSH, LH, estrogen, and progesterone levels while increasing cortisol (p<0.05). Gene expression
analysis revealed significant downregulation of L/F (p = 0.000014), HOXA70 (p = 0.0145), and /ntegrin 3 (p = 0.0004) in the stress group
compared to controls, indicating impaired uterine receptivity for implantation.

Conclusions: It is concluded that chronic social isolation leads to hormonal imbalance and suppression of implantation-related gene expression,
highlighting potential mechanisms for stress-related infertility and opening the door to clinical interventions targeting stress management to
improve reproductive outcomes.
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Introduction

Fertility is one of the vital factors in the continuity of living
organisms and affects their ability to reproduce and achieve
biological success.' The level of fertility is mainly related to
the quality of eggs, hormonal balance, and environmental
conditions that directly impact the interaction between genes
and the environment.?> Recent studies have begun to
demonstrate the effects of psychological and social stress on
human fertility, highlighting the importance of studying this
phenomenon in animals as a model to understand its effects
on human reproduction in the environment.’> Some studies,
such as those by Smith et al.* and Zhang et al.’ have
indicated that stress is not only a psychological burden but
also a biological factor that disrupts the hypothalamic-
pituitary-gonadal (HPG) axis and leads to changes in
reproductive outcomes in both humans and animals.

Rabbits provide an appropriate model with which to

study this effect since they share comparable reproductive
physiology to that of a human, as well as a short life cycle
and ease of controlling their experimental conditions.®
Researchers have found that when rabbits are exposed to
psychological or social stress, they secrete more cortisol
which subsequently influences sex hormones and decreases
overall fertility.’

Many studies have shown that psychological stress,
whether social or environmental, significantly affects
hormonal balance and reduces fertility rates.® Psychological
stress activates the hypothalamic-pituitary-adrenal axis,
leading to increased cortisol levels.” Cortisol, a hormone
known for its inhibitory effect on ovulation, another study
confirmed that increased cortisol levels lead to a disturbance
in the secretion of sex hormones involved in ovulation, such
as GnRH, FSH, and LH.'® Furthermore, chronic stress and
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social isolation have been reported to cause impaired ovarian
follicle development and endometrial receptivity to embryos,
which may cause decreased fertility and implantation
failure.!! It is worth noting that the importance of studying
stress-induced fertility disorders extends beyond the laboratory
setting, as modern societies record increasing rates of
chronic stress and social isolation.!? Epidemiological data
indicate that approximately 30% of women of reproductive
age experience significant psychological stress, with a
documented association between high levels of stress and an
increased incidence of infertility, particularly unexplained
infertility.'3 This underscores the urgent need to decipher the
molecular and hormonal mechanisms through which
psychosocial factors influence reproductive success—an
opportunity that this study aims to address using a controlled
rabbit model. Rabbits are an ideal model for reproductive
studies due to their short reproductive cycle and easy control
of their environment. Research has shown that rabbits
exhibit tangible responses to social stress through elevated
cortisol levels and changes in their fertility.® Proper
implantation requires certain genes, such as leukemia inhibitory
factor (LIF),'* Homeobox A10 (HOXA10),'> and Integrin
B3!617 which are essential for the early interaction between
the fertilized egg and the uterine lining. In addition to
hormonal disturbances, stress has been shown to modulate
the expression of genes associated with implantation,
suggesting that molecular pathways in the uterus are directly
influenced by psychosocial stress. '8

A favorable uterine environment is essential for
successful implantation and is governed by the accurate
timing and spatial distribution of many fertility-regulating
genes. These include LIF, HOXA10, and Integrin 3, which
play a critical role in the development of uterine receptivity
and the coordination of embryo-endometrial interactions."
The LIF gene is a vital cytokine in the process of embryo
implantation, mainly by regulating the activity of endometrial
stromal cells and facilitating the differentiation process that
enables receptive endometrium. There is a direct link
between low expression of the transcription factor LIF and
impaired implantation and infertility.?

The HOXA10 gene is critical for the development and
functioning of the uterus. It regulates the expression of
numerous downstream target genes involved in dead cell
clearance, immune regulation, and endometrial remodeling.?!
The HOXA10 gene has been found to be downregulated or
epigenetically silenced in conditions such as endometriosis
and polycystic ovary syndrome (PCOS).?? They are
temporally expressed during implantation and are essential
for successful embryo attachment.?® Their impact on
reproduction involves a regulatory network of these genes
that determines the success of early pregnancy. Any
dysfunction in this network can negatively impact uterine
receptivity and lead to poor fertility or infertility.?* Stress

correlates with increased expression of HSP70 and BAX,
key stress response and cell death (apoptosis) genes. This
affects implantation by decreasing the efficiency of genes
involved in egg differentiation and implantation in the
uterus.?

The Integrin p3 gene is located on chromosome 17
(17921.32) and encodes a membrane protein belonging to
the integrin family, which plays a pivotal role in cell adhesion
and cell-to-extracellular matrix (ECM) communication.
Alterations in the expression level of this gene have been
linked to fertility disorders such as unexplained infertility,
recurrent implantation failure, and early miscarriage. In the
reproductive context, its expression in the endometrium
during the "implantation window" is a key indicator of
uterine receptivity, facilitating the attachment of early
trophoblasts to the uterine epithelium, enabling successful
implantation (https://www.ncbi.nlm.nih.gov/gene/3690).

This study hypothesizes that social stress leads to
significant changes in gene expression in fertilized eggs of
female rabbits, particularly in genes associated with
implantation and early embryonic development. Accordingly,
this study aims to investigate the molecular effects of social
stress on female fertility using rabbits as an experimental
model. It specifically focuses on determining the effect of
social stress on gene expression in fertilized eggs at the
beginning of pregnancy, with a focus on genes associated
with implantation and early embryonic development, such as
LIF, HOXAI0, and Integrin f3. The study also seeks to
compare stress-exposed groups with control groups to assess
changes in implantation efficiency, as well as to evaluate the
suitability of rabbits as a model for studying the effect of
psychosocial stress on human fertility at the molecular level.
Our review of previous studies reveals that few studies have
systematically examined the impact of molecular psycho
logical distress on certain genes important in preparing the
rabbit uterus for embryo reception. Given their physiological
similarity to humans in implantation biology, rabbits provide
a valuable, albeit underutilized, model for elucidating how
social stress affects altered reproductive outcomes.

Materials and Methods

Experiment Animals

An experimental study using an animal model (rabbits) was
conducted, with exposure to social stress as the independent
variable and its effect on hormonal changes and gene
expression associated with early implantation as dependent
variables. Eighty sexually mature female domestic rabbits
aged 6 to 8 months, with an average weight of 2.5 to 3.5 kg,
were used in the study. The animals were carefully selected
for their health and underwent thorough vet checks to ensure
they did not have any chronic diseases or congenital defects
that could affect the study results. All animal procedures
were conducted without surgical intervention or harm to the
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animals. The study followed ethical guidelines for animal
use and obtained approval from the Ethics Committee of the
College of Biotechnology, University of Al-Qadisiyah, Iraq
(https://bt.qu.edu.ig/?page 1d=22686).

The rabbits were kept in individual metal cages (60 x 50 x
40 cm) with adequate ventilation to reduce undesired social
interaction that could influence their psychological or
behavioral condition. The cages were placed in an environ
mentally controlled experimental room maintained at a
constant temperature of 22 +/- 2 °C, with a consistent artificial
lighting regime (12 hours light/12 hours dark) to mimic
natural conditions. All the animals received high-quality,
balanced nutrition in the form of concentrated pellets
containing all necessary nutrients (proteins, fats, fiber,
minerals, and vitamins) and had access to clean water

through an automatic drinking system. The rearing
environment and cages underwent regular cleaning to
maintain hygiene and minimize the risk of infection or stress
due to an unclean environment. The rabbits were randomly
divided into two equal groups (n = 40 per group) as follows:
the first group was a control group (CM): This group was
not exposed to any stressful stimuli or stress and was kept
under the standard conditions mentioned above throughout
the experimental period. The second group was a stress
group (SM): This group was subjected to a specific stress
protocol based solely on social isolation, which served as the
sole stressor in this model according to.?° Each female rabbit
was housed separately in a completely isolated cage,
preventing direct visual, auditory, or olfactory contact with
other rabbits, with minimal human interaction during routine
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Figure 1. Study Design for Investigating the Impact of Chronic Social Isolation on Reproductive Gene Expression.
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care periods. A 14-day social isolation regime was
implemented, and the animals were returned to the natural
control group enclosure for one week to adhere to research
ethics. The quarantine regime was then reinstated for another
14 days, after which male rabbits were introduced, and
attempts were made to facilitate natural mating. After
approaching the males for three or four consecutive days,
each female was mated once with a fertile male, and mating
was confirmed by direct observation of insemination. Day 0
of pregnancy was considered the day of mating. The males
were then removed, and a 7-day period was allowed, which
is the sensitive time period for embryo implantation in the
uterus.?’ Social isolation was chosen because it is a common
and recognized form of chronic stress in psychophysio
logical studies, due to its proven effects on hormonal and
immune systems and gene expression in organisms,
particularly in mammals. This design aimed to simulate the
psychological stresses of social separation that females
might experience in contemporary environments and assess
the impact of this type of stress on implantation genes and
reproductive health (Figure 1).

Sample Collection

On day 7 post-mating, which is the known onset of embryo
implantation in rabbits, animals from both groups were
anesthetized using a mixture of ketamine (35 mg/kg) and
xylazine (5 mg/kg) via intramuscular injection to ensure
painless interventions.?® After achieving the depth of
anesthesia, the uterus was carefully excised, and endometrial
tissue was separated under sterile conditions to avoid
contamination and ensure sample quality, according to
international protocols for the care and welfare of animals in
research.?’ Blood samples were also drawn from the ear vein
of both groups for hormone analysis using the ELISA assay.
Uterine tissue was cryopreserved in liquid nitrogen (-196
°C) and stored at -80 °C until molecular analysis and gene
expression studies of implantation genes, following recom
mended procedures to ensure the reliability of the results.

ELISA Assay

The blood samples were collected from the ear vein of
rabbits on the morning of the seventh day after mating,
coinciding with the time of implantation. The samples were
collected in anticoagulant-free tubes, and the serum was
separated by centrifugation at 3,000 rpm for 15 minutes. The
serum was then stored at -20 °C until analysis using
commercial ELISA kits designed. The enzyme linked
immunosorbent assay (ELISA) technique was applied to
advanced hormonal analysis to determine the physiological
impact of exposure to social stress on hormonal balance in
female rabbits in the two study groups. ELISA is a precise
and faithful instrument to quantitatively estimate the level of
hormones in biological samples.>** We used the Elisys Uno®,

Fully Automated ELISA Analyzer, HUMAN Co, Germany,
with rabbit ELISA kits (My BioSource Co., Alaska, USA) as
the per manufacturers recommendations. In this study, it
was used to measure changes in the concentration of a group
of key hormones associated with the stress and reproductive
axes, including: Follicle-stimulating hormone (FSH) for its
role in follicle growth and stimulating ovarian activity,’!
luteinizing hormone (LH) as an indicator of gonadal function,*
estrogen (Estradiol E2) for its role in preparing the
endometrium for implantation,* progesterone for its support
of early pregnancy maintenance and regulation of the uterine
environment,** and the cortisol as a primary indicator of the
activity of the hypothalamic-pituitary-adrenal (HPA) axis
and the stress response.*”

Gene Expression

The uterine tissue samples were used for total RNA
extraction using an RNA extraction kit (Qiagen RNeasy
Mini Kit) and then stored at -20 °C until needed. The reagents
were used according to the manufacturer’s directions. RNA
quality and purity were assessed with a NanoDrop spectro
photometer (NanoDrop OPTIMA®, JAPAN), and only samples
with an absorbance ratio between 1.8 and 2.0 were selected.
The extracted RNA was converted into complementary DNA
(cDNA) using a universal RT-PCR Kit (M-MLYV, free Taq
polymerase, Solarbio®, China). All primers were supplied
by Macrogen company (Macrogen®, Inc., South Korea), The
lyophilized primers were reconstituted in DNase/RNase-free
water at 100 pmol/ul as a stock solution, then diluted to a
working solution of 10 uM by mixing 10 pmol/ul in 90 pl of
deionized water, yielding a final concentration of 10 pM.
The expression levels of target genes were analyzed using
quantitative real-time polymerase chain reaction (QRT-PCR)
with the Real-Time PCR Accurate 96-x4/x6 system (Accurate
Biosystem®, China). To confirm the expression of test genes,
SYBR Green I dye (SYBR Green I, Thermo Fisher Sci.®,
USA) was used as the fluorescent DNA-binding marker in
quantitative real-time PCR. The mRNA levels of the reference
gene GAPDH were amplified and used to normalize the
mRNA levels of the target genes. The National Center for
Biotechnology Information (NCBI) (https://www.ncbi.nlm.
nih.gov/) was used to design the required primer sequences
through the GenBank database. Each primer pair was further
analyzed for possible dimer formation using the PCR Primer
Stats tool available in the sequence manipulation suite
(http://www.bioinformatics.org/sms2/pcr_primer_stats.html)
(Table 1). We applied the ACT method with a reference
gene to calculate the relative expression levels of LIF,
HOXA10 and Integrin /3 mRNA using the formula: (Ratio
(reference/ target) = 2CT(reference) — CT(tareet)) 36 The previously
described primer sets, product sizes, and annealing temperatures
were used. The thermal cycling conditions were as follows:
an initial denaturation at 95 °C for 5 minutes (one cycle),
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Table 1. Primer Sequences used for Semi-Quantitative RT-PCR

Gene Primer Sequence (5' — 3') NCBI Gene ID Amplicon Size (pb) Annealing Temp (°C)

LIF F: GACCTATCCTCGTCTTGCGG 100358914 107 53.4
R:ACTTTACCTGGATGGCAGGC

HOXAT0 F: CTCCTCCTGAGTAGGCCCTT 100343397 161 54.5
R:CCTGATGGAGGATTCGGAGC

Integrin B3 F: CCATAGCAGGGCACAAGGAA 100339049 99 53.5
R: GAGAGAATGGGTTGTGGGGG

GAPDH F: TCCCGTTGATGACCAGCTTC 100349551 71 52.5

R: GTATGATTCCACCCACGGCA

followed by denaturation at 95 °C for 40 seconds, annealing
at 57 °C for 40 seconds, and extension at 72°C for 1 minute.
This sequence was repeated for 35 cycles, and finally a hold
step at 4 °C for one cycle was performed.?’

Statistical Analysis

A comprehensive statistical analysis was performed using
IBM SPSS Statistics (version 23.0). All quantitative data
were expressed as mean + standard deviation. Normal
distribution of data was verified using the Shapiro-Wilk test,
and homogeneity of variance was examined using Levene's
test. Results were compared between the control group (CM)
and the social stress group (SM) using an independent-
samples t-test for parametric data. For multiple comparisons,
one-way analysis of variance (ANOVA) followed by
Tukey's post-hoc test was used. Effect size was calculated

using Cohen's d for t-tests and partial eta-squared (n?) for
ANOVA analysis. A p-value of less than 0.05 was
considered statistically significant for all analyses.

Results

Hormonal Analysis

Data were statistically analyzed using a t-test in SPSS
version 23. The results (Table 2 and Figure 2) showed a
significant decrease (p<0.001) in follicle-stimulating hormone
(FSH) levels in the stress group (SM) (0.711 £ 0.039)
compared to the control group (CM) (1.075 + 0.066),
representing a relative decrease of 34%. Luteinizing
hormone (LH) levels also decreased significantly (p<0.001)
in the stress group (0.812 £ 0.030) compared to the control
group (1.705 + 0.101), representing a relative decrease of
52%. Estrogen concentrations decreased significantly (p<0.001)

Table 2. Comparative Analysis of Serum Hormone Profiles Following Social Stress Exposure

Control Group

Stress Group

Hormone (CM) (n = 40) (SM) (n = 40) p-value
FSH (mIU/ml) 1.075 + 0.066 0.711 £0.039 <0.001
LH (mIU/ml) 1.705 + 0.101 0.812 +0.030 <0.001
Estradiol (ng/ml) 0.153 £0.010 0.098 + 0.007 <0.001
Progesterone (ng/ml) 6.875 + 0.369 3.843 +0.233 <0.001
Cortisol (pg/dl) 3.424 + 0.231 6.726 + 0.525 <0.001

FSH; Follicle-Stimulating Hormone, LH; Luteinizing Hormone.

Percentage Change in Hormone Levels (Stress vs Control)
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Figure 2. Percentage Change in Hormone Levels (%) Between Stress and Control Groups. The graph shows the percentage change in hormone
levels between the group of rabbits exposed to social stress and the control group, indicating the direction of change (decreased reproductive

hormones and increased cortisol).
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from 152.915 + 9.94 in the control group to 98.05 + 7.41 in
the stress group, a 36% decrease. Progesterone levels decreased
significantly (»p<0.001) from 6.875 + 0.369 to 3.843 £ 0.233,
a 44% decrease. Cortisol levels, on the other hand, increased
significantly (p<0.001) from 3.424 + 0.231 in the control
group to 6.726 + 0.525 in the stress group, a 96% increase.
These significant relative changes illustrate the profound
impact of social stress on reproductive hormonal balance.

Gene Expression

The study results (Tables 3 and 4 and Figure 3) revealed
statistically significant differences between the control group
(CM) and the social stress group (SM) in the gene expression
levels of genes associated with embryo implantation in the
uterine lining, namely: LIF, HOXA10, and Integrin 3. Data
were analyzed using a t-test, and probability values indicated
that all differences were statistically significant at a 5%
significance level. The mean gene expression of the LIF
gene showed a significant decrease in the stress group (1.98)

compared to the control group,>* with a probability value (p
= 0.000014), indicating a highly statistically significant
difference, representing a relative decrease of 39.8%. Gene
expression of the HOXA10 gene also decreased significantly
in the stress group (1.49) compared to the control group
(1.888), with a probability value (p = 0.0145), indicating a
statistically significant difference at the 5% level, representing a
relative decrease of 21.1%. Gene expression of the Integrin
p3 gene decreased significantly from 2.51 in the control
group to 1.34 in the stress group, with a probability value
(p = 0.0004), a highly statistically significant difference,
representing a significant relative decrease of 46.6%. These
results indicate that social stress negatively affects the gene
expression of genes important in preparing the uterine lining
for embryo reception, which may contribute to reduced
readiness for embryo implantation in early
pregnancy. These data support the hypothesis that chronic
stress affects the molecular environment of the uterus by
inhibiting genes regulating fertility.

uterine

Table 3. Expression Levels of Implantation-related Genes (L/F, HOXA10, Integrin 3) in Control and Stressed Rabbits Measured by RT-qPCR

Gene Ct ACt 2-act

CM SM CM SM CcM SM
LIF 12.0055 12.578 -1.653 -0.925 3.291 1.9762
HOXAT0 12.814 12.9565 -0.845 -0.546 1.888355 1.4930
Integrin B3 12.439 13.144 -1.22 -0.359 2.511707 1.3413

Ct Values are presented as relative gene expression (2-4¢t) compared to the control group.

Table 4. Relative Expression Levels of Implantation-related Target Genes in Control (CM) and Stress (SM) Model Rabbit Groups

Groups ™M SM p-value
Genes (n = 40) (n = 40)
LIF 3.29 1.98 0.000014
HOXAT0 1.89 1.49 0.0145
Integrin B3 2.51 1.34 0.0004

Percentage Change in Gene Expression (Stress vs Control)

Percentage Change (%)

uF

HOXA10 integrin B3
Genes

Figure 3. Comparative Analysis of Implantation Gene Expression Between Stress and Control Groups. The graph shows the changes in gene
expression of three key genes responsible for the embryo implantation process (L/F, HOXATO, Integrin B3) between the socially stressed rabbit
group and the control group, with the percentages of significant decrease in gene expression indicated.

Discussion
Observations on delayed pregnancy indicate that a significant

proportion of women suffer from infertility without apparent
medical causes,* often associated with psychological disorders
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and exposure to a range of social pressures. Given the
reluctance of this group to participate in direct medical
studies, rabbits were used as an experimental model to study
the impact of psychological and social stress on fertility.
Rabbits were exposed to stressful conditions, including
specific periods of social isolation, in accordance with
ethical research standards. Hormonal changes and gene
expression of genes associated with implantation and early
pregnancy were assessed, and compared to a control group
(not exposed to stress) to determine the effect of stress on
reproductive outcomes. The study hypothesized that psycho
social stress negatively affects the gene expression of genes
responsible for implantation, reducing the likelihood of
successful pregnancy. This opens the door for future research
on the relationship between social stress and human
reproductive health.*’ This study specifically investigated
the effects of social stress on gene expression in fertilized
rabbit oocytes during early pregnancy. Although physiological
responses to social stress are common in mammals, this is
the first report describing hormonal adaptations and genetic
changes in response to such stressors and their impact on the
hypothalamic-pituitary-reproductive (HPR) axis and fertility.*!
The findings indicate that daily stress affects reproductive
physiology not only before ovulation but also during early
post-ovulatory periods, enhancing the maternal psychological
influence on reproductive function. The study focused on
hormonal dynamics and gene expression changes immediately
before and after ovulation.*?

In this study, hormonal analyses showed a significant
decrease in follicle-stimulating hormone (FSH) levels in
rabbits exposed to stress, reflecting suppression of the
hypothalamic-pituitary-ovarian (HPO) axis, impaired follicular
development, and decreased reproductive activity. A significant
decrease in luteinizing hormone (LH) levels was also
observed, indicating a defect in ovulation induction, consistent
with Brecchia.*® Elevated corticosterone levels resulting
from acute stress inhibit the HPO axis, thereby reducing LH
and estradiol production and negatively impacting fertility
and insemination outcomes without necessarily affecting
ovulation, as demonstrated in the study of Yang.*

The results (Table2) showed that psychosocial stress
rapidly suppresses the activity of the hypothalamic-gonadal
(HPG) axis by suppressing GnRH-releasing cells and
increasing the activity of GnRH-inhibiting cells, leading to
decreased luteinizing hormone (LH) secretion. Estrogen
concentrations were also significantly lower in the stress
group, which may impair endometrial formation and reduce
implantation. Furthermore, decreased progesterone levels
were observed, reflecting impaired corpus luteum function
and impaired early pregnancy establishment. These obser
vations are consistent with previous findings in animals,
where stress exposure elicited similar behavioral and
physiological responses.** The uterus comprises three major

compartments: epithelium, stroma, and myometrium each
regulated by ovarian estrogens and progesterone. In murine
models, estradiol stimulates the uterine epithelium during
days 0.5—1.5 post coitum (p.c.), while progesterone stimulation
of the stroma occurs around day 2.5 p.c., ensuring sequential
hormonal priming of the uterine stroma for implantation.*®
Stress activates the release of catecholamine’s and
glucocorticoids through the sympathetic nervous system and
the hypothalamic-pituitary-adrenal (HPA) axis,*’ elevating
cortisol levels, which inhibit the reproductive axis and
disrupt reproductive hormones.*® Cortisol regulates behavior,
metabolism, endocrine function, and immune responses,
with high levels observed in animals under stress.®> The
significant increase in cortisol levels in isolated rabbits
confirms that social isolation exacerbates stress responses,
which is reflected in anxiety patterns and affects reproductive
physiological functions. This is consistent with the results of
many studies, such as Elsayed et al. and Comin et al.*>*°

At the molecular level, the epigenome is highly
susceptible to environmental factors during embryogenesis,
which is characterized by rapid cell division and regulatory
remodeling of epigenetic marks.’! RT-qPCR analyses
revealed significant downregulation of three implantation-
related genes (LIF, HOXA10, and integrin B3) in stressed
rabbits compared to controls, demonstrating the negative
impact of social stress on the molecular environment
required for successful implantation. In Tables 3 & 4 and
Figures 2 & 3, we showed that LIF is critical for early
embryo implantation and endometrial differentiation,’!
its marked reduction suggests that stress disrupts essential
molecular signaling during implantation. Integrin 3, a key
adhesion molecule in the endometrium facilitating embryo
attachment, was significantly downregulated, confirming
compromised cellular adhesion under stress.’> The HOXA10
gene regulates endometrial development and cellular

and

differentiation, essential for preparing the uterus for
implantation. Downregulation of HOXA10 expression in
stressed rabbits indicates impaired endometrial remodeling,
consistent with other studies, which highlighting its crucial
role in establishing a uterine environment conducive to
implantation.*

Integrin B3 is a biomarker of a receptive uterus during
the implantation window. In the context of reproduction, it
facilitates the attachment of early trophoblasts to the uterine
epithelium, essential for successful implantation and early
pregnancy. Disturbed expression of this gene has been
associated with unexplained infertility, recurrent implantation
failure, and early miscarriage, making it a pivotal gene in the
study of fertility and reproductive biology.>*

The study results showed decreased expression of the
Integrin B3 gene in the endometrium of rabbits exposed to
psychosocial stress, suggesting a negative effect of stress on
uterine readiness for implantation. This decrease may reflect

http://www.biotechrep.ir
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a reduced ability of trophoblasts to adhere to the uterine
epithelium, thus increasing the likelihood of implantation
failure or poor early pregnancy success. These results are
consistent with previous studies.’®> From a molecular
perspective, the decrease in Integrin B3 likely disrupts
interactions with extracellular matrix proteins such as
osteopontin and fibronectin, which play a pivotal role in
trophoblast anchoring. These findings suggest that psycho
logical stress not only affects the hormonal environment but
also extends to the level of genes associated with implantation,
illustrating a potential mechanism for the impaired fertility
caused by social stress.>

The results of this study demonstrate that psychosocial
stress significantly affects hormonal regulation, uterine
receptivity, and the expression of implantation-related genes,
providing an understanding of the molecular mechanisms
linking environmental stressors and impaired fertility.
Although based on a rabbit model, the results of this study
suggest potential implications for human fertility. Unexplained
infertility is a major clinical challenge, and evidence
suggests that psychosocial stress significantly contributes to
its development. The hormonal changes (decreased FSH,
LH, estrogen, and progesterone) and decreased gene expression
of implantation genes (LIF, HOXA10, and Integrin B3)
observed under social isolation may represent similar
mechanisms in women. In humans, hyper-activation of the
hypothalamic-pituitary-adrenal (HPA) axis leads to elevated
cortisol, which impairs ovulation, reduces endometrial
receptivity, and increases the risk of early pregnancy loss.
These findings support the hypothesis that social stress
affects fertility via hormonal and molecular mechanisms®”-3
and highlight the need for further clinical studies to
investigate this relationship and develop preventive and
therapeutic strategies targeting stress management to
improve reproductive health.

Based on the results of our study, we suggest future
research to investigate the epigenetic mechanisms of the
observed effects and to investigate non-invasive biomarkers
to detect the impact of stress on fertility. We also recommend
developing targeted therapeutic interventions to reverse
stress-induced molecular changes and studying the
transgenerational effects of psychological stress on fertility,
in addition to investigating the interaction between stress
and other environmental factors.

Additionally, as limitations of the study, the use of an
animal model may not fully reflect the complexity of the
human stress response. The focus on specific implantation
genes to the exclusion of other molecular pathways is
another limitation. The lack of a recovery phase to assess the
reversibility of effects and the reliance on physiological
measures without complementary behavioral assessments
are also limitations. This calls for cautious interpretation of
the results and opens up avenues for future research.

Conclusion

This study shows that chronic social stress significantly
reduces key reproductive hormones (follicle-stimulating
hormone, luteinizing hormone, estrogen, and progesteronc)
while increasing cortisol levels. It also causes a notable
decline in the expression of genes involved in implantation
(LIF, HOXA10, and Integrin [3), offering a mechanistic
explanation for endometrial dysfunction and stress-related
infertility. These results highlight the importance of incorporating
psychological assessment and stress management into
fertility treatments and pave the way for future research
aimed at developing targeted interventions, reversing molecular
changes, and validating these mechanisms in human studies.
The findings confirm that psychosocial stress leads to
hormonal and genetic imbalances that contribute to infertility.
This underscores the need for further research to create
innovative diagnostic and treatment strategies, as well as
integrating psychological care into comprehensive fertility
programs.
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