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Background: Rising concentration of arsenic in drinking water is severely damaging the reproductive
health of both humans and animals. This study was thus designed to evaluate the deleterious effects of
sodium arsenite at a minimum dose on the endocrine system and oestrus cycle of female Sprague
Dawley rats. Methods: A randomized control trial was conducted at College of Physicians & Surgeons
Pakistan, Regional Centre, Islamabad. Sixty healthy female Sprague Dawley rats were randomly divided
into group 1 (control) and group 2 (experimental) with 30 rats in each group. After one week of
acclimatization, the control group was administered 10 ml of distilled water daily via oral gavage, and
the experimental group was administered 4 pg of sodium arsenite dissolved in 10 ml of distilled water
daily via oral gavage. After one week of habituation, vaginal smears were taken daily to study the oestrus
cycle. Whereas, serum oestrogen and progesterone levels were assessed using ELISA after 14 days of
intervention. Biochemical parameters (oestrogen and progesterone) were analyzed on SPSS-22.
Comparison of means of these hormones was evaluated by the Student’s #test. Results: After exposure
to sodium arsenite, the oestrus cycle of the experimental group was prolonged and halted in the diestrus
phase along with significant reduction of serum estradiol and progesterone levels. Conclusion: Low dose
of arsenic delays and disturbs regulation of oestrus cycle and disrupts the hormonal levels in female rats.
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INTRODUCTION

Arsenic is a constituent of earth’s crust where it exists in
various organic and inorganic forms. The inorganic
forms of arsenic are readily absorbable in living bodies
and hence regarded as the most lethal.'. Arsenic is widely
used in agriculture as a pesticide and in various industries
like wood preservative and glass manufacturing. WHO
has declared that the mean concentration of arsenic in
potable water should not exceed 10 pg/L.> Due to the
lack of water filtration systems in under developed and
developing countries, arsenic in our earth crust percolates
down into the underground water tables and gets entry
into the living bodies.” Mean concentration of arsenic in
various regions of Pakistan is above 40 pg/L which is an
alarming situation.** Its toxic effects have been studied
to various organs and systems of animal and human
bodies. So far, arsenic has been proved to be neurotoxic,
hepatotoxic, nephrotoxic and cardio-toxic. Arsenic is
now under discussion as an endocrine disrupter also.’
One of the major components of the endocrine
system in female rats is oestrous cycle which is
controlled by the fluctuations in the serum levels of
oestrogen and progesterone. This cycle enables the
female rats to reproduce offspring again and again and is
similar to the menstrual cycle of human females. This
cycle has 4 phases, e.g., pro-oestrus, oestrus, met-oestrus
and di-oestrus and it lasts for ~ 4-5 days. There is rapid

development of follicles with a rise in estradiol levels in
pro-oestrus phase. Ovulation occurs in the oestrus phase
with a decline in estradiol levels. Whereas, the met-
oestrus and di-oestrus phases are characterized by rise in
progesterone levels.” These phases are identified by
observing the types of cells in the vaginal smear of
female rats.

There are certain environmental chemicals and
pollutants that disrupt the endocrine system and the
oestrous cycle of female rats. WHO in the year 2010,
declared the endocrine disrupting chemicals as a high
research priority.® One of these toxins is arsenic that
leads to various adverse effects on the female
reproductive tract, e.g., ovarian failure, low weight of
ovaries and uterus and dys-steroidogenesis that lead to
spontaneous abortions, teratogenesis, and still birth
etc.”'’ Hazardous effects of low dose of arsenic for a
brief period of time is still largely under-discovered. This
study was designed to evaluate the effects of arsenic on
the oestrous cycle of female Sprague dawley rats.

MATERIAL AND METHODS

It was a laboratory based randomized controlled trial
conducted at the animal house of College of Physicians
and Surgeons Pakistan, Islamabad for one year (1 Jan
2019 to 4 Jan 2020). Ethical approval was obtained from
Research Ethical Committee of CPSP, Islamabad
according to the National Institute of Health Guide for
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Care and Use of Laboratory Animals (Publication No.
85-23, revised 1985). Sixty healthy and non-diseased
female Sprague Dawley rats were included in the study.
Rats with any visible physical deformity and disabilities
were excluded from the study. Animals with body
weight of 220-300 g and age 15-16 weeks were selected
by non-probability convenient sampling method. All
animals were acclimatized for one week under room
temperature 25+2 °C, ~60% humidity and 12-hr day and
night cycle. During this period, they were provided with
distilled water and standard rat diet ad libitum.

Animals were randomly allocated into 2
groups, i.e., group 1 (healthy control group) and group 2
(experimental group). After one week of habituation, the
intervention period started that lasted for 2 weeks.
Animals of group 1 were continued with standard rat diet
and distilled water ad libitum along with additional 10 ml
of distilled water given once daily by oral gavages. The
animals of group 2 were given standard rat diet and
distilled water ad libitum along with additional 10 ml of
distilled water mixed with 4 pg of sodium arsenite once
daily by oral gavage.

The vaginal smear of all the animals were
collected early morning daily for 14 days and visualized
under microscope’. A blunt plastic pipette was used to
collect vaginal secretions. The pipette was rotated clock-
wise in the vaginal wall up to 1 Cm and removed
immediately to prevent cervical stimulation in the
animal."" Secretions were placed on the glass slides and
left to dry in air. Slides were stained with Papanicolaou
stain and studied under 40 of light microscope."

On basis of cytological results, the phases along
with duration of oestrus cycle were compared between
control and experimental animals. Each cycle was
identified by the types of desquamated vaginal epithelial
cells in the vaginal smear, e.g., pro-oestrous phase had
abundance of nucleated epithelial cells, oestrus phase had
cornified cells, met-oestrus and diestrus had leukocytes.
Normally the oestrous cycle lasts for 4-5 days and cycle
duration beyond these days was considered as
prolonged.”

Rats were deeply anaesthetized by chloroform
inhalation and exsanguinated by single intra-cardiac
puncture. Blood was stored in clot activator vials at
temperature 4-8 ©°C. Serum was extracted by
centrifugation at 3,000 g for 15 minutes and stored in
disposable and sterile Eppendorf tubes at -80 °C till
further hormonal analysis. Serum estradiol (E2) and
progesterone (P4) were assessed by commercially
prepared rat ELISA kits'.

Mean+SD of serum estradiol (E2) and
progesterone (P4) levels of both control and
experimental groups were estimated with SPSS-22.
Comparison of means of hormonal levels between two
groups was done on Student’s #-test, taking p<0.05 as
significant.

RESULTS

The cytology of vaginal smear of control group showed
normal and regular phases of oestrus cycle. In the rats of
experimental group the oestrous cycle was prolonged
and remarkably hindered in diestrus phase till the end of
experiment (p<0.05). Serum estradiol and progesterone
were significantly reduced after arsenic exposure in
group 2 as compared to group 1 (p<0.05). (Table-1 and
Figure-1).

Table-1: Serum values of estradiol and progesterone
of control and experimental groups

|Variables Group 1 (n=30) | Group2 (n=30) | p
[Estradiol (pg/ml) 92.0+14.3 35.748.8 <0.01
IProgesterone (ng/ml) 11.5+£2.4 2.1+04 <0.05
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Figure-2: Comparison between the vaginal cytology
of both group 1 and group 2 at 40x

20 http://www.pps.org.pk/PJP/19-4/Urfa.pdf


http://www.pps.org.pk/PJP/19-4/Urfa.pdf

g@relo

Pak J Physiol 2023;19(4)

DISCUSSION

Epidemiological data suggests that millions of people
across the world are exposed to arsenic contaminated
drinking water. Arsenic is causing numerous negative
health effects, e.g., nervous system diseases,
dermatological lesions, malignancies of various organs
and cardiovascular problems. Arsenic has been proven
as an endocrine disrupter.” Our study has evaluated the
hazardous effects of low dose of arsenic, given for a
short period of time on the female rats reproductive tract
and hormonal profile. To evaluate these effects, vaginal
smear visualization method by microscope was used
which is cheapest, fastest and least harmful to the
animals.'® The results of our study showed that exposure
of arsenic prolonged the normal length of oestrus cycle
(4-5 days) and normal duration of diestrus phase (48—72
hours). The oestrus cycle of all female rats of
experimental group was halted in diestrus phase till the
end of experiment. These results are in accordance to
the results of Esqueda ef al'’ and Panpan Chen et al'®.
Their studies highlighted that exposure of various doses
of arsenic in the pubertal age rats significantly disturbed
the oestrus cycle. Relevant studies have also proven that
disruption of oestrus cycle is related to the delayed onset
of puberty and enhanced the possibility of sub-fertility
and infertility in female rats."

Our study has related the disruptive effects of
arsenic with the levels of reproductive hormones, e.g.,
estradiol (E2) and progesterone (P4)*. These hormones
are responsible for the regulation of oestrus cycle and
reproductive cycle homeostasis. The results of our study
showed that exposure of 4 pg of sodium arsenite
dissolved in 10 ml of distilled water given for 14 days to
the female rats significantly reduced the serum levels of
estradiol and progesterone. Data of a recent studies by
Panpan Chen ef al™® and F-Souza et al'’ showed similar
results indicating arsenic as an endocrine disrupter.
These reduced levels of estradiol and progesterone may
be due to under stimulation by the pituitary hormones.
Arsenic releases free radicals and induces oxidative
stress in the body. These cytological and biochemical
effects of arsenic could be due to oxidative imbalance
and disturbance of reactive oxygen species (ROS)
homeostasis in the reproductive tract of female rats.*' It
is, thus plausible that in our study, arsenic has been
proven to be reproductive tract toxin even in lower
doses.

Our study was animal-based and faced
financial limitations. Managing a potent toxin like
arsenic demanded a heightened level of vigilance.

CONCLUSIONS

Disruption of oestrus cycle phases and regularity along
with disturbance of female hormonal profile after
exposure of low dose of arsenic given for a brief period

of time concludes that arsenic is a potent reproductive
tract toxin and an endocrine disrupter.

IMPACT OF THE STUDY

Given the widespread presence of arsenic in our drinking
water, the findings from this study undoubtedly hold
substantial importance for public health.
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FUTURE RECOMMENDATIONS

Since the dosage utilized in this research is significantly
lower than doses relevant to the environment, it is
imperative to further assess the connection between
exposure to arsenic and reproductive abnormalities in
humans.
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