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and olfactory epithelium, these particles induce oxidative stress, DNA damage, and
adverse changes in hematological and hormonal indices, potentially leading to serious
diseases such as cancer and infertility. This study aimed to investigate the effects of PM2.5
exposure on hormonal indices and uterine tissue histopathology in female rats over a three-
month period. Methods: In this experimental study, after measuring the concentrations of
PM2.5, heavy metals, and polycyclic aromatic hydrocarbons (PAHSs), 24 female Wistar
rats were divided into three groups: a control group (receiving clean air), Exposure Group
1 (receiving gaseous pollutants), and Exposure Group 2 (receiving PM2.5 plus gaseous
pollutants). Following a three-month treatment period, hormonal changes (LH, FSH,
progesterone, and estrogen) and uterine histopathological alterations were evaluated.
Results: Analysis confirmed high levels of PM2.5 and other pollutants. Compared to the
control group, Exposure Group 2 showed a statistically significant decrease in estrogen,
FSH, and progesterone levels, and a significant increase in LH. These hormonal changes
were also significant when compared to Exposure Group 1. Histopathological
examinations revealed that Exposure Group 2 exhibited the most severe uterine damage,
including endometrial degeneration, inflammatory cell infiltration, and atrophy of the
glandular epithelium. The severity of these damages was significantly greater than in
Exposure Group 1. Conclusion: Three months of exposure to PM2.5 led to significant
structural damage in uterine tissue by disrupting key hormones of the reproductive system,
a finding confirmed by histopathological results. These findings indicate that PM2.5 poses
serious risks to the female reproductive system and underscore the necessity for urgent
management and implementation of strict regulations to control air pollution in
metropolitan areas.
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EXTENDED ABSTRACT

Introduction

Air pollution, particularly fine particulate matter (PM2.5), is a major global health concern
with established links to cardiovascular disease, respiratory illnesses, and cancer. Emerging
evidence suggests a significant impact on reproductive health and fertility. PM2.5 particles,
often laden with heavy metals and polycyclic aromatic hydrocarbons (PAHSs), can penetrate
deeﬁ into the body, acting as endocrine disruptors that interfere with the hormonal regulation
of the reproductive system. This can lead to infertility, adverse pregnancy outcomes, and an
increased risk of reproductive cancers. This study was designed to investigate the effects of a
three-month, real-world exposure to ambient PM2.5 in Tehran, a city with significant_air
?ollutlon,_on key reproductive hormones and the histopathological structure of the uterus in a
emale Wistar rat model.

Methods
,(An gxperri)mental study was conducted using 24 female Wistar rats, divided into three groups
n=8 each):
Healthy Control: Exposed to clean, filtered air.
Exposure Group 1: Exposed to ambient gaseous pollutants only (PM2.5 filtered out).
Exposure Group 2: Exposed to whole ambient air, including gaseous pollutants and PM2.5.
The exposure was conducted for three months (5 hours/day, 4 days/week) using air sampled
from a rooftop at Shahid Beheshti University in Tehran. The estrous cycles of all rats were
3ynchron|zed before the experiment. Air quality analysis was continuously performed to
etermine the concentrations of PM2.5, heavy metals, PAHSs, and other gaseous pollutants like
ozone, sulfur dioxide, and nitrogen dioxide. At the end of the exposure period, blood samples
were collected to measure serum levels of Luteinizing Hormone (LH), Follicle-Stimulatin
Hormone (FSH), estrogen, and progesterone via ELISA. Uterine tissues were harvested, fixe
in formalin, and processed for histopathological analysis. The tissues were stained with
Hematoxylin and Eosin (H&E) and scored by a pathologlst for pathological changes, including
epithelial degeneration, necrosis, glandular atrophy, and inflammatory cell infiltration.

Key Results

Pollutant Concentration: Air quality analysis confirmed that the average concentration of
PM2.5 (41.76 + 4.42 ug/m3) and nitrogen dioxide significantly exceeded WHO guidelines.
Chemical analysis of PM2.5 revealed high concentrations of heavy metals, with aluminum
being the most abundant, and PAHSs, with Ehenanthrene being the most prevalent. Hormonal
Imbalance: Hormonal analysis revealed that, compared to the healthy control group, the
PM2.5-exposed group (Exposure 2) exhibited a statistically significant decrease in FSH,
estrogen, and progesterone levels, alongside a significant increase in LH levels (p < 0.01 to p
< 0.001). This created an elevated LH/FSH ratio, a key indicator of hormonal imbalance often
associated with conditions like Polycystic Ovary Syndrome (PCOS). The changes were also
significantly more pronounced comﬁared to Exposure GrouP 1, isolating the specific effect of
PM2.5. Uterine Pathology: Histopathological examination of the uterus showed severe damage
in the PM2.5-exposed groulo. This was characterized by significant endometrial degeneration,
extensive inflammatory cell infiltration, and marked glandular atrophy. In contrast, the control
group showed normal uterine structure, and Exposure Group 1 showed only mild changes. The
pathological scores for all damage indicators were significantly higher in the PM2.5 group
compared to both other groups (p < 0.001).

Discussion and Conclusion

The findings of this study provide strong evidence that chronic (three-month) exposure to urban
PM2.5 significantly disrupts the female reproductive system in an animal model. The observed
hormonal imbalance—particularly the decreased levels of FSH, estrogen, and progesterone and
the elevated LH—disruFts the normal hypothalamic-pituitary-gonadal (HPG) axis essential for
regulating the menstrual cycle, ovulation, and pregnancy. Furthermore, the severe uterine tissue
damage confirms that PM2.5 induces a potent inflammatory and degenerative response,
compromising the structural integrity of the endometrium, which is critical for embryo
implantation. These results are consistent with existin? literature identifying PM2.5 as a
powerful endocrine disruptor that can impair fertility by affecting folliculogenesis,
steroidogenesis, and endometrial receptivity.

In conclusion

this study demonstrates that chronic exposure to PM2.5 pollution poses a substantial threat to
female reproductive health by causing severe hormonal dysregulation and direct uterine
pathology. These findings highlight the urgent need for stricter environmental policies and
public health interventions to mitigate air pollution and protect the reproductive health of
populations in highly polluted urban areas.
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