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Abstract 

Objective: To find out the toxic effects of arsenic on the histology of the vagina and reproductive hormones of female Sprague 

Dawley rats. 

Methods: 60 female Sprague Dawley rats were divided into control group A and experimental group B with 30 rats in each 

group. The gross weight of all the rats was checked before and at the end of the experiment. After one week of acclimatization, 

the control group was administered 10ml of distilled water by oral gavage daily for 14 days and the experimental group was 

administered 4µg of sodium arsenite dissolved in 10ml of distilled water by oral gavage daily for 14 days. After being 

euthanized by chloroform inhalation on day 15, blood from each rat was drawn by a single intra-cardiac puncture and stored 

for biochemical analysis. After that, rats were sacrificed and the whole reproductive tract was removed and vaginal sections 

were prepared and stained with hematoxylin and eosin (H&E ). The histological parameters were analyzed by using Image J 

software. Whereas, biochemical parameters e.g. serum LH and FSH levels were analyzed by ELISA.   

Results: After exposure to a low dose of arsenic administered for a short period, the gross weight of rats, weight of reproductive 

tract, height of vaginal epithelium and serum FSH and LH values were significantly reduced in experimental animals as 

compared to control animals with p-value < 0.05.  

Conclusion: Low dose of arsenic given via contaminated drinking water for a short period is very toxic to the female 

reproductive tract which is evident by the histological changes in the vagina and deranged hormonal profile of female Sprague 

Dawley rats. 
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1. Introduction 

Water is indispensable for the continuance of life. Due 

to insufficient supply and inappropriate supervision 

developing countries like Pakistan are constantly 

facing a lack of clean and pure potable water.1 For so 

long on different public forums an intense debate has 

been going on about the contamination of drinking 

water by Arsenic and its side effects.2 Arsenic is 

present on the surface of the earth in various organic 

and inorganic forms with different oxidation states 

e.g., 0’ 3+, 5+3-. The inorganic/trivalent form of 

arsenic is the most reactive and lethal to all living 

organisms.3 In potable water, arsenic comes from 

different natural and anthropogenic sources e.g., 

pesticide application of arsenic in agriculture and use 

of arsenic in therapeutics and several industries e.g., 

glass manufacturing industries, wood preservative 

industries and in car batteries as a semi-conductor etc.4 

As reported by WHO the safe limit of arsenic in 

potable water is about 10 μg/L 5,6 

According to a report, millions of people across the 

world are badly suffering from the noxious effects of 

arsenic by using polluted groundwater. Excessive 

administration can lead to cancer of different body 

systems including integumentary, reproductive, 

cardiovascular, respiratory, nervous and 

gastrointestinal systems.7 Many studies have proved 

that the trivalent form of arsenic is more dangerous 

than pentavalent and the trivalent form increases more 

chances of oxidative stress which is the main cause of 

diseases caused by arsenic.4 In females, prolonged 

exposure to arsenic leads to breast and endometrial 

cancer, decreased lactation, menstrual problems, 

endometriosis, miscarriages, pre-term births and 

stillbirths.8,9 

The normal growth and proliferation of the female 

reproductive tract and oestrous cycle are under the 
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control of the hypothalamic-pituitary axis that secretes 

luteinizing hormone (LH) and follicle-stimulating 

hormone (FSH) in pulsatile manners. The biochemical 

function of FSH is to control the proliferation of 

ovarian follicles to regulate the puberty and 

reproductive functions of the body. Whereas, LH 

stimulates ovulation and luteinization of the corpus 

luteum. Both FSH and LH work in synergy. These two 

hormones, along with estrogen and progesterone, 

maintain homeostasis in various stages of the oestrous 

cycle in female Sprague Dawley rats.10 The research 

data from previous studies have revealed the 

deleterious effects of arsenic on the levels of female 

reproductive hormones.9 Arsenic not only disturbs the 

hormonal profile but also alters the regularity of the 

oestrous cycle, diminishes the ovarian reserves and 

stimulates dys-steroidogenesis. 11 

This study was conducted to see the hazardous effects 

of low doses of arsenic on the histology of the vagina 

and levels of reproductive hormones of female 

Sprague Dawley rats. 

2. Materials & Methods 

It was a laboratory-based experimental study that was 

performed at the Islamabad Regional Centre of the 

College of Physicians and Surgeons (CPSP). The 

duration of the study was 18 months (November 2017- 

April 2019). Ethical approval was taken by the Research 

Ethical Committee of CPSP Islamabad according to the 

National Institute of Health Guide for Care and Use of 

Laboratory Animals (Publication No. 85-23, revised 

1985).60 female Sprague Dawley rats aged 15-16 weeks 

and weighing 200-300g were selected by non-

probability convenience sampling method. Animals 

were randomly divided into two groups e.g., group A 

(healthy control group) and group B (experimental 

group). Each group comprised of 30 female rats. Before 

any intervention, rats were acclimatized under room 

temperature 25±2◦C, ~60% humidity and 12 hours of day 

and night cycle for one week. During this period, they 

were given standard rat chow and distilled water ad 

libitum. After one week, group A continued with 

standard rat chow and distilled water ad libitum along 

with 10ml of distilled water via oral gavage daily for 14 

days. Whereas, group B was given standard rat chow and 

distilled water ad libitum along with 4μg of sodium 

arsenite (purchased from Hamza Enterprises Sadder 

Rawalpindi manufactured by LAB CHEM lot # LH-

1406) dissolved in 10ml of distilled water via oral 

gavage daily for 14 days. On day 15, the rats were taken 

to the animal lab of the National Institute of Health 

(NIH) Islamabad where with the help of a veterinarian, 

the rats were deeply anaesthetized by chloroform 

inhalation and then placed on a dissecting board with a 

clean sheet underneath. Blood was drawn by single intra-

cardiac puncture and stored in pre-labelled clot activator 

vacutainers for 10-20 minutes. All the vacutainers were 

kept in thermocol along with ice packs to maintain the 

temperature at 4ºC till further processing. 

After that, rats were dissected by giving a midline 

vertical incision with the help of a scalpel. The incision 

extended from the groin region to the chin. Muscles were 

pulled away with the help of forceps. When the muscle 

layers were separated the reproductive tract became 

visible. The whole reproductive tract was removed very 

carefully, trimmed and washed in 0.9% normal saline. 

Then it was dried and the whole vagina was separated 

from the rest of the reproductive tract and preserved in 

formalin for histological study. 

For the light microscopic study, sections were first cut at 

5µm thickness and then stained with hematoxylin and 

eosin (H&E). The height of the vaginal epithelium was 

taken by an ocular micrometre fitted in the eyepiece. By 

employing Image-J software, the height of vaginal 

epithelium was measured in μm from the basement 

membrane up to the lumen on four different fields (two 

on the X-axis and two on the Y-axis to remove any 

chance of repetition) under a 40X lens and then took a 

mean. 

For analysis of serum FSH and LH levels, vacutainers 

were centrifuged at 2000-3000 rpm for 20 minutes to 

collect the supernatant. Serum was collected in pre-

labelled aseptic Eppendorf tubes and refrigerated at 2-8 

ºC. To estimate serum FSH values, BT lab FSH rat 

ELISA kit (cat # EA0015Ra, sensitivity of 0.022mIU/ml 

and detection range of 0.05-20mIU/ml) was used. While, 

for LH values, BT lab LH rat ELISA kit (cat # EA 

0013Ra, sensitivity of 0.31 mIU/ml and detection range 

of 0.5-100mIU/ml) was used. Kits were purchased from 

Bio-diagnostic Resources Commercial Market 

Rawalpindi. 

Mean ± SD of the values of weight of rats, weight of 

reproductive tract, height of vaginal epithelium, FSH 

and LH, were analyzed statistically with the SPSS, 

version 22. Comparison of means of FSH and LH levels 

between two groups was evaluated by the Student T-test. 

A p-value of ≤ 0.05 was taken as significant. 
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Graphical presentation of the weight of rats, the weight 

of the reproductive tract, the height of vaginal 

epithelium, FSH and LH values were processed on an 

Excel spreadsheet. 

3. Results 

The comparative results of the weight of rats, the weight 

of the reproductive tract, height of vaginal epithelium, 

FSH and LH are shown in Table 1. A histological view 

of vaginal epithelium is shown in Figure 1. 

Table 1: Gross parameters of both control (A) and experimental 

rats (B) 

 

PARAMETERS 

A 

(Control 

Group) 

B 

(Experimental Group)  

 

Statistical 

Significance 

p  value n=30  n=30  
Mean ± 

SD 

Mean ± SD 

Weight of rats 

(g) 

263.51± 

35.65 

206.13± 45.27 < 0.01 

Weight of 

reproductive 

tract (g) 

1.77± 
0.34 

1.10± 0.36 < 0.01 

Height of 

vaginal 

epithelium (μm) 

84.91 ± 

27.27 

          30.44 ± 15.61 < 0.01 

Serum LH 

(ng/ml) 

7.47 ± 

1.33 

1.67 ± 0.68 < 0.01 

Serum FSH 

(ng/ml) 

3.73 ± 
0.82 

0.64 ±0.27 < 0.01 

In comparison with group A, the animals of group B 

showed a significant decrease in gross body weight, 

weight of reproductive tract, height of vaginal 

epithelium and serum FSH and LH levels with p-value < 

0.05. 

 

4. Discussion 

Taking the laboratory study on the reproductive tract of 

female Sprague Dawley rats it is evident that the mean 

body weight of group B animals (experimental group) 

was decreased significantly as compared to the control 

group A (p-value<0.05). These results are by the study 

of Handali S, the possible causes of gross weight 

reduction after exposure to arsenic may be due to 

interference in thermogenesis with the endocrine system 

and hormones like leptin and adiponectin. Arsenic 

toxicity inhibits the utilization of glucose and production 

of ATP in a living cell by irreversible inhibition of 

glyceraldehydes 3-P dehydrogenase and pyruvate 

dehydrogenase complex (enzymes of glycolysis and 

TCA cycle respectively). To replenish the need for 

glucose body starts gluconeogenesis (for which muscle 

protein is broken down and amino acids are converted 

into glucose) and for the production of ATP, body fat is 

broken down and fatty acid oxidation is initiated. This 

whole phenomenon will reduce the body weight, muscle 

mass and activity of animals.12-14 

The mean weight of the reproductive tract was 

significantly less in experimental animals in comparison 

with the control (p-value<0.05). The possible cause of a 

decrease in the weight of the reproductive tract after 

exposure to arsenic may be due to decreases in plasma 

gonadotrophins and estradiol levels which are essential 

for the normal morphology and histology of the 

reproductive organs of the female.15 

The comparison of vaginal epithelium in both control 

and experimental animals has shown that the vaginal 

epithelium in control animals has multiple layers of 

stratified squamous cells. But in group B animals, the 

height of vaginal epithelium was significantly reduced 

to a few layers of stratified squamous cells (p-value< 

0.005). The possible cause of the decrease in height of 

vaginal epithelium after exposure to arsenic may be due 

to decrease estrogen levels 9,16 

Biochemical parameters showed a significant reduction 

in serum FSH and LH levels with p-value < 0.05. Similar 

results were shown in a study by Hasan Huseyin Demirel 

where 28-day-old female rats were exposed to 100 mg/L 

and 600 mg/L of arsenic via drinking water for 4 weeks. 

Arsenic exposure caused significant deterioration of 

serum LFTs and RFTs along with a decline in serum 

FSH, LH, progesterone and estrogen levels.17 A review 

of the literature implicates that arsenic produces reactive 

oxygen species and induces oxidative stress in the body 

that can disrupt the homeostasis of the endocrine system 

and hypothalamic-pituitary axis.18 Altered hormonal 

levels damage the normal physiology of hormonally 

regulated cells and tissues of the body. Another 

mechanism of arsenic toxicity is that arsenic along with 

its metabolites directly or indirectly bind with the 

cellular proteins and disturb various cellular processes. 

Among other hazardous effects, it hinders the DNA 
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damage repair process, deranges gene expression 

regulation, disarrays the epigenetic regulation and 

damages the hormonal system of the living body thus 

inducing the progression of various diseases. Arsenic-

protein interactions as a mechanism of arsenic 

toxicity.19,20 The results of this study favour our 

hypothesis that arsenic is a potent toxin to the female 

reproductive tract and endocrine system. However, a 

recent study was animal-based had a small sample size 

and had financial hindrances. 

5. Conclusion 

Short-term exposure to low doses of arsenic is critical 

to the female reproductive tract and hormonal profile. 

CONFLICTS OF INTEREST- None 

Financial support: None to report. 

Potential competing interests: None to report 

Contributions: 

A.M, U.Z.M, I.K.K - Conception of study  

A.M, U.Z.M - Experimentation/Study Conduction  

U.Z.M, M.A, K.H - Analysis/Interpretation/Discussion  

M.Y, K.H, - Manuscript Writing 

M.A, I.K.K - Critical Review  

M.Y - Facilitation and Material analysis 

All authors approved the final version to be published 

& agreed to be accountable for all aspects of the work. 

References 

1. Uppal JS, Zheng Q, Le XC. Arsenic in drinking water—recent 

examples and updates from Southeast Asia. Current Opinion in 

Environmental Science & Health. 2019;7:126-35. 

2. Qazi UY, Javaid R, Ikhlaq A, Al-Sodani KA, Rizvi OS, Alazmi 

A,et al. Synergistically improved catalytic ozonation process 

using iron-loaded activated carbons for the removal of arsenic 

in drinking water. Water. 2022 Aug 3;14(15):2406. 

3. Najafi N, Rezaee R, Hayes AW, Karimi G. A review of 

mechanisms underlying the protective effects of natural 

compounds against arsenic-induced neurotoxicity. BioMetals. 

2023;36(4):799-813. 

4. Wu CY, Wong CS, Chung CJ, Wu MY, Huang YL, Ao PL,et 

al. The association between plasma selenium and chronic 

kidney disease related to lead, cadmium and arsenic exposure in 

a Taiwanese population. Journal of hazardous materials. 2019 

Aug 5;375:224-32. 

5. Shakoor MB, Bibi I, Niazi NK, Shahid M, Nawaz MF, Farooqi 

A, et al. The evaluation of arsenic contamination potential, 

speciation and hydrogeochemical behaviour in aquifers of 

Punjab, Pakistan. Chemosphere. 2018 May 1;199:737-46. 

6. Frisbie SH, Mitchell EJ. Arsenic in drinking water: An analysis 

of global drinking water regulations and recommendations for 

updates to protect public health. PLoS One. 

2022;17(4):e0263505. 

7. Kumar A, Ali M, Kumar R, Kumar M, Sagar P, Pandey RK, et 

al. Arsenic exposure in Indo Gangetic plains of Bihar causing 

increased cancer risk. Scientific Reports. 2021 Jan 

27;11(1):2376. 

8. Souza ACF, Ervilha LOG, Coimbra JLP, Bastos DSS, 

Guimarães SEF, Machado‐Neves M. Reproductive disorders in 

female rats after prenatal exposure to sodium arsenite. Journal 

of Applied Toxicology. 2020;40(2):214-23. 

9. Chen P, Luo Q, Lin Y, Jin J, Hu KL, Wang F,et al. Arsenic 

exposure during juvenile and puberty significantly affected 

reproductive system development of female SD rats. 

Ecotoxicology and Environmental Safety. 2022 Sep 

1;242:113857. 

10. Ajayi AF, Akhigbe RE. Staging of the estrous cycle and 

induction of estrus in experimental rodents: an update. Fertility 

research and practice. 2020;6(1):1-15. 

11. Chen Y, Sun Y, Zhao A, Cai X, Yu A, Xu Q, et al. Arsenic 

exposure diminishes ovarian follicular reserve and induces 

abnormal steroidogenesis by DNA methylation. Ecotoxicology 

and Environmental Safety. 2022 Aug 1;241:113816. 
12. Handali S, Rezaei M. Arsenic and weight loss: At a crossroad 

between lipogenesis and lipolysis. Journal of Trace Elements in 

Medicine and Biology. 2021;68:126836. 

13. Garza-Lombó C, Pappa A, Panayiotidis MI, Gonsebatt ME, 

Franco R. Arsenic-induced neurotoxicity: a mechanistic 

appraisal.Journal of Biological Inorganic Chemistry. 

2019;24:1305-16. 

14. Calderón-DuPont D, Romero-Córdoba SL, Tello JK, Espinosa 

A, Guerrero B, Contreras AV, et al. Impaired white adipose 

tissue fatty acid metabolism in mice fed a high-fat diet worsened 

by arsenic exposure, primarily affecting retroperitoneal adipose 

tissue. Toxicology and Applied Pharmacology. 2023 Jun 

1;468:116428. 

15. Dash M, Maity M, Dey A, Perveen H, Khatun S, Jana L, 

Chattopadhyay S. The consequence of NAC on sodium arsenite-

induced uterine oxidative stress. Toxicology Reports. 2018 Jan 

1;5:278-87. 

16. Irnawati I, Idroes R, Akmal M, Suhartono E, Rusyana A, 

Seriana I. The Effect and Activity of Free Radical Enzymes Due 

to Arsenic Exposure Through the Vulva and Vagina. Open 

Access Macedonian Journal of Medical Sciences. 

2022;10(B):2279-85. 

17. Demirel HH, Zemheri-Navruz F, Kucukkurt İ, Arslan-Acaroz 

D, Tureyen A, Ince S. Synergistic toxicity of 2, 4-

dichlorophenoxyacetic acid nd arsenic alters biomarkers in rats. 

Toxicology Research. 2023 Aug;12(4):574-83. 

18. Gangopadhyay S, Sharma V, Chauhan A, Srivastava V. 

Potential facet for prenatal arsenic exposure paradigm: linking 

endocrine disruption and epigenetics. The Nucleus. 

2019;62:127-42. 

19. Hu Y, Li J, Lou B, Wu R, Wang G, Lu C, et al. The role of 

reactive oxygen species in arsenic toxicity. Biomolecules. 2020 

Feb 5;10(2):240. 

20. Medda N, De SK, Maiti S. Different mechanisms of arsenic 

related signaling in cellular proliferation, apoptosis and neo-

plastic transformation. Ecotoxicology and Environmental 

Safety. 2021;208:111752. 


