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Introduction
Arsenic is a well-known toxin, and its measurable 

quantities are present in our soil, air, and 

underground water table. Millions of people 

worldwide are affected by the usage of 

contaminated drinking water via heavy metals 

including arsenic and the majority of them are 
1Asians.  WHO has warned that the arsenic safety 

2limits in potable water should be less than 10 μg/l.  

Use of arsenic in cultivation (as a pesticide) and in 
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ABSTRACT
Objective: To evaluate the toxic effects of arsenic exposure on the female reproductive tract and endocrine 

system. 
Study Design:  A laboratory-based experiment.  
Place and Duration of Study: The study was carried out at the Laboratory of the National Institute of Health 

st th
(NIH) Islamabad, Pakistan from 1  January 2019 to 4  January 2020. 
Methods: non-probability convenient sampling technique was employed and 60 female healthy Sprague 
Dawley rats were included in the study at the National Institute Islamabad. Animals were randomly allocated 
into control and experimental groups (n=30 each). In the first week, animals were acclimatized to the animal 
house of the College of Physicians and Surgeons Pakistan. In the second week, the control and experimental 
groups were given 10 ml of distilled water by oral gavage daily and 4µg of sodium arsenite dissolved in 10 ml of 
distilled water daily for two weeks respectively. After the experimental period, animals were taken to the 
animal lab of the National Institute of Health Islamabad for blood sampling and tissue dissection. Rats were 
euthanized by chloroform inhalation and blood was drawn by single intracardiac puncture and stored in clot 

0activator vials at 4 C for further workup. The female reproductive tract was dissected, and the tissue was stored 
in 10 % formalin for histological studies. Serum Gonadotropin-releasing hormone (GnRH) levels were assessed 
via the Enzyme-Linked Immunosorbent Assay (ELISA) method. Whereas histological effects of arsenic were 
observed under a microscope by tissue processing and staining with Masson trichrome stain. Mean ± SD of 
serum GnRH levels and percentage of fibrosis in uterine tissue of control and experimental groups were 
evaluated by the software Statistical Package for Social Sciences version 22.0. Comparison of means evaluated 
by Student T-test. The significant p-value was ≤ 0.05. 
Results: The experimental group showed significant elevation of serum GnRH levels and fibrotic changes with 
high collagen deposition (p ≤ 0.05). 
Conclusion: Exposure to arsenic via contaminated drinking water is disruptive for the female reproductive tract 
and endocrine system.
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many industries (e.g., glass manufacturing, wood 

preservation, and in car batteries as alloys) and lack 

of awareness and water purification systems in 

developing and under-developed countries, these 

anthropogenic sources are increasing the amount of 

arsenic in our potable water beyond the safety 
3limits.  The toxicity of arsenic depends upon its 

+oxidative state. Arsenite (trivalent form, 3) being 

more stable, absorbable, and highly reactive is more 
 + 4poisonous than arsenate (pentavalent form, 5).  

Chronic exposure to arsenic has been proven to be 
5teratogenic, mutagenic, and carcinogenic.  It also 

causes disruption of the respiratory system, central 

nervous system, endocrine system, cardiovascular 

system  and reproductive system of humans and 
6,7

animals.  

The reproductive system of females has ovaries, 

fallopian tubes, a uterus, a cervix and a vagina. This 

system is regulated by specific hormones e.g., 

gonadotropin-releasing hormone (GnRH),  

gonadotropins (luteinizing hormone and follicle-
8stimulating hormone), Estrogen, and Progesterone.  

GnRH is released from the hypothalamus and it 

controls sexual maturity and reproduction by 

stimulating the production and release of LH and 

FSH. Both these hormones are collectively called 

gonadotropins for acting upon the gonads. FSH 

stimulates the synthesis of oocytes in female ovaries. 

While LH (luteinizing hormone) helps in ovulation 

and the production of estrogen from the ovaries. The 

cyclic and pulsatile release of FSH and LH in female 

rats thus regulate the estrous cycle and endometrial 

milieu. Estrogen maintains the uterine epithelium 

and prepares the uterus for conception.  Whereas 

progesterone sustains the pregnancy and prevents 

abortions or premature birth. FSH and LH, in return, 

suppress GnRH via a negative feedback mechanism. 

Thus, GnRH indirectly controls all the other female 

reproductive hormones and regulates the female 

reproductive system.

Data from previous studies has highlighted that 

prolonged exposure to arsenic in females leads to 

disruption of various female reproductive hormones 

and causes congenital malformations, low birth 

weight babies, abortions, and still births. These 

adverse effects have been observed in rodent 
9,10models also.  

Histological studies revealed that arsenic promotes 

fibrosis of lungs, liver, and kidneys tissue but minimal 

data is available regarding such pathological changes 
11-13in the female reproductive tract.  This study, hence 

designed to evaluate the histological effects of a 

minimal dose of arsenic given for a shorter time on 

uterine tissue along with GnRH levels in Sprague 

Dawley rats.  

Methods
The study was carried out at the Laboratory of the 

National Institute of Health (NIH) Islamabad, 
st thPakistan from 1  January 2019 to 4  January 2020 in 

which we took 60 inbred healthy female Sprague 

Dawley rats having a body weight of 200-250 g. 

Animals with any disease or visible deformity were 

excluded from the study.  Ethical approval for this 

study was obtained by the Research Ethical 

Committee of the College of Physicians and Surgeons 

(CPSP), Islamabad Pakistan vide letter no: 
th

CPSP/RTMC/ANT-2015-047-37 held on dated: 5  

February 2019 according to the guidelines of 

National Institute of Health Guide for Care and Use of 

Laboratory Animals (Publication # 85-23, revised in 

1985). Rats were kept in the animal house of the 

College of Physicians and Surgeons Pakistan (CPSP) 

regional center in Islamabad. Out of them, 30 rats 

were kept in the control group (A) and 30 were kept 

in the experimental group (B). Rats were habituated 

for one week before any intervention under 

optimum room temperature (25±2◦C), 12 hours of 

day and night cycle, and ~60% humidity. Throughout 

the experiment, the animals of both groups were on 

standard diet diets with free access to water. After 

the habituation period, the control group animals 

received 10 ml of distilled water administered via 

oral gavage method every day for two weeks and 

experimental animals received 4µg of sodium 

arsenite dissolved in 10ml of pure distilled water via 

oral gavage method every day for two weeks. Arsenic 

was purchased from Hamza Enterprises Sadder 

Rawalpindi (prepared by LAB CHEM lot # 1406).

After 14 days, rats were taken to the animal lab of 

NIH Islamabad for blood sampling and tissue 

dissection. Rats were anesthetized by chloroform 

inhalation. The blood was drawn by a single intra-

cardiac puncture. Before applying the standard 

centrifugation technique, clot activator vials were 
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used to store the blood at a temperature 4-8 ◦C and 

let it sit for 30 minutes. For serum separation, blood 

was centrifuged at 2000 g for approximately 10 

minutes then stored in aseptic and disposable 

Eppendorf tubes at a temperature of -80◦C for 

hormonal analysis. Levels of serum GnRH were 

evaluated by using the commercially available 
14specific rat ELISA kits.   ABclonal rat ELISA kit for 

GnRH colorimetric assay was purchased from Bio-

diagnostic Resources Commercial  market 

Rawalpindi. The kit had Cat # RK14465, a range of 

detection of 15.6-1000 pg/ml, and sensitivity of 7.8 

pg/ml. 

Tissue samples of the uterus were collected during 

dissection and fixed in 10% formalin solution. To 

make the paraffin blocks the traditional method of 

tissue processing was used. Tissue slices of 5-7 

microns were taken. Masson trichrome stain was 

used to analyze the fibrotic changes in collagen fibers 

of connective tissue under a light microscope at 40X. 

To evaluate the endometrial fibrosis, on each slide 

five random fields were taken. The ratio of 

endometrial fibrotic areas was assessed by using 

Image J software. 

SPSS version 22.0 was used for data analysis. Mean ± 

SD values of serum GnRH levels and degree of 

fibrosis in uterine tissue of both A and B groups were 

evaluated. Comparison of the means of endometrial 

fibrosis and hormonal levels of both groups were 

estimated by the Independent Student T-test.  p-

value of ≤0.05 was taken as significant in this study. 

Fig.1: Masson's trichrome staining on uterine 
sections. Group A (control)
f ine collagen f ibers are seen. Group B 
(experimental): deposition of coarse
col lagen f ibers  in  the  lamina propr ia .  
Magnification: 40X
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control and experimental animals (p < 0.05).

The comparative results of GnRH levels in control 

and experimental groups are also shown in table # 1. 

In comparison with the control group, the animals in 

experimental group showed a significant increase in 

serum GnRH levels with a p-value < 0.05. 

Discussion
Reproductive tract abnormalities have become a 

global issue. According to a WHO report, more than 

45 million couples are suffering from infertility all 

around the world. The data from medical surveys 

and the standard fertility workups concluded that 

30% of these infertile couples have no known cause 
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Results
Under the microscope, Masson trichrome staining 

showed that endometrial morphology was intact in 

the rats of the control group. The collagen fibers in 

the endometrium of control rats were blue and 

orderly arranged while the deposition of 

endometrial collagen fibers was quite increased in 

experimental rats. In Image J software the 

percentage area of collagen fibers 

 per unit area in a rat's uterus (%) was calculated from 

group A and group B. There was a significant 

difference in the mean ± SD values of the percentage 

area of endometrial collagen deposition between 



15
of infertility.  Heavy metals exposure has been 

proven to be one of the most dangerous causes of  
16

reproductive tract abnormalities.  Very strong 

evidence proves that exposure to arsenic disturbs 

the normal physiology and histology of the 

reproductive tract by altering the levels of female 
17,18reproductive hormones.

Results of this study have indicated a significant 

elevation of serum GnRH levels after arsenic 

exposure in the interventional group (group B) as 

compared to the control group (group A) with p-

value ≤ 0.005. The possible mechanism of raised 

GnRH levels in experimental rats is due to the loss of 

negative feedback control of FSH and LH on GnRH 

secretions after arsenic exposure. According to the 

study of Zhiwei Guo, exposure to different doses of 

arsenic raised the levels of GnRH and reduced levels 

of FSH and LH due to a lack of negative feedback of 
19

FSH and LH on GnRH.  

The study of  Shamima Khatun in  2018 also revealed 

the same conclusion that 1mg/100 g of arsenic given 

for 8 days significantly suppresses the normal levels 
20of serum FSH, LH, and estrogen hormones.  These 

results favor the hypothesis of inhibition of negative 

feedback effects of these hormones on GnRH levels 

by arsenic exposure.

The exact cause of arsenic toxicity is not known but, 

scientific studies proposed that arsenic being a 

heavy metal releases free electrons in the body. 

These free electrons damage the structure and 

functions of cellular proteins, cell organelles, and 
15 

DNA. Arsenic binds with the sulfhydryl group of 

cellular proteins and alters their structure and 

function. Arsenic also induces epigenetic changes in 

DNA by altering the DNA methylation process. Thus, 

arsenic induces inflammation and cellular 
21,22

damage.  Felor Zargari in 2022 concluded that the 

oxidative stress induced by arsenic disrupts the 

normal levels of reproductive hormones, 

dysregulates spermatogenesis and oogenesis, and 
15leads to infertility.

This study highlighted the fibrotic changes in the 

endometrium induced by arsenic which is seen 

under a microscope as increased production of 

collagen and other extracellular matrix components 

and thickening and damage of the internal lining of 
23the uterus.  The exact mechanism of endometrial 

fibrosis by arsenic is still unknown but here are a few 

possible explanations.

Tissue fibrosis occurs when extracellular matrix 

(ECM) is extremely deposited in the vicinity of 

edematous and damaged tissue leading to increased 

deposition of collagen fibers by increased levels of 
24transforming growth factor (TGF)-β.

 Arsenic can interfere with the hormonal regulation 

of the endometrium, altering the expression of 

estrogen and progesterone receptors and their 

downstream targets e.g., matrix metalloproteinase 

(MMPs) and transforming growth factor (TGF)-β. 

These factors are involved in the balance between 
25

tissue remodeling and fibrosis.

Besides all arsenic increases the expression of 

fibrotic markers including fibronectin, α-smooth 

muscle actin, and Collagen I. In response to this due 

to fibrosis neutrophilic enzymes like matrix 

metalloproteinase-2 and metalloproteinases are 
11

released that can damage the tissue very easily.

The results of this study may have a positive impact 

on human health as the concentrations of arsenic 

tested in this study completely overlap the 

environmental levels recorded.

Conclusion
Exposure to arsenic-polluted water is hazardous to 

the reproductive tract and endocrine system of 

females.

Limitations of Study

·   Financial constraints

·   Handling class 1 poison (arsenic) required a high

     level of vigilance.

·   Moreover, applying similar study designs on

     humans exposed to arsenic contaminated  

     drinking water will require a certain degree of  

    amendments in the methodology.
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