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ABSTRACT  

Background: Bisphenol A (BPA) is one of the highest production 

volume chemicals that is frequently used in consumer products based on 

polycarbonate plastic and epoxy resins including children's toys, plastic 

bottles, plastic food containers, and medical equipment.  

Aim of the work: To demonstrate the possible chronic toxic effect 

(biochemical & histopathological) of bisphenol A on pituitary and 

thyroid glands of adult albino rats. 

Material and Methods:  One hundred adult healthy albino rats weighing 

180 – 220 g were acquired from the animal house, Assiut University, 

Egypt. The animals were classified into five groups; group (1): ten adult 

albino rats, received normal feeding for three months, group (2): fifteen 

rats received 1 ml of the corn oil for three months, group (3): Twenty-

five rats received BPA at a dose 80mg/kg/day orally for 3 months, Group 

(4): Twenty-five rats received BPA at a dose 160 mg/kg/day orally for 3 

months, Group five: Twenty-five rats received BPA a dose 

320mg/kg/day orally for 3 months.  

Result: Bisphenol A has deleterious effects on the biochemical and 

histological structure of the pituitary and thyroid glands of albino rats. 

TSH, T4, and T3 demonstrated marked reduction in rats following 3 

months of BPA exposure in comparison with non-BPA exposed rats. 

Bisphenol-treated group stained with H and E showed loss of normal 

thyroid architecture. 

Conclusion: The current study demonstrated that BPA exposure seemed 

to have potentially toxic effects on thyroid as well as pituitary functions 

in terms of biochemical as well as histopathological levels. 
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INTRODUCTION 

Endocrine disruptors are environmental chemicals 

that mimic, block, or interfere with hormones, 

neurotransmitters or receptors in the body. The 

matter of concern is that exposure to such chemicals 

in the environment seems to be unavoidable as they 

have been found in air, water, dust, and soil as well 

as in a wide range of household products. One of the 

most frequently utilized and comprehensively 

studied endocrine disruptors is bisphenol A (BPA).1 

Bisphenol A is one of the highest production volume 

chemicals that is frequently used in consumer 

products based on polycarbonate plastic and epoxy 

resins including children toys, plastic bottles, plastic 

food containers, water pipes, food can linings, dental 

sealants, and medical equipment and tubing. It is 

also found in thermal papers as cash register 

receipts.2 

 

Bisphenol A could be discharged from consumer 

products and deposited in the environment creating 

potential for human exposure via oral route (diet), 

inhalation, and dermal contact.3 

Noteworthy, impairment of neurological functions 

including hyperactivity was observed in 

experimental animals after BPA exposure.4 In 

addition, there is evidence linking childhood 

behavioral disorders with BPA exposure. 5 

The present study will be conducted to demonstrate 

the possible chronic toxic effect (biochemical & 

histopathological) of BPA on pituitary and thyroid 

glands, of adult albino rats. 

MATERIAL AND METHODS 

One hundred (100) adult healthy albino rats western 

strain weighting 180 – 220 g were acquired from the 
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animal house, Faculty of Medicine, Assiut 

University, Egypt and housed in a clean capacious 

macro-lane cages (5 per cage which was 60x40x25 

cm) under standard laboratory situations such as 

good aerated room with adequate temperature, 

relative humidity, maintained at good light with 

normal light/dark cycles. All rats were given normal 

rat diet during the experimental period with free 

access to water. 

Drugs and chemicals: Bisphenol A compound 99.9 % 

purchased from Sigma Company. 

Kits for determination of serum (TSH), (T4), (T3), 

(FSH), (LH), (GH), (ACTH) purchased from Pishtaz 

Teb Diagnostics Company, Iran . 

Experimental design  : The animals were classified 

into five groups: 

Group one (Negative control group): Ten (10) adult 

albino rats, received nothing except normal feeding 

for three months (90 days(. 

Group two (Positive control group or vehicle 

control): Fifteen (15) adult albino rats. Each animal 

received 1 ml of the vehicle which is (corn oil) once 

daily orally by a curved needle–like oral tube 

introduced in a direct manner into stomach (gavage 

process) for three months (90 days(. 

Group three: Twenty five (25) adult albino rats. Each 

animal received BPA compound dissolved in corn oil 

at a dose 80mg/kg/day orally by gavage (which 

represent 1/40 LD50) for 3 months (90 days). The 

oral LD50 of BPA in rats is estimated to be about 

3200 mg/kg body weight.6 

Group four: Twenty five (25) adult albino rats. Each 

animal received BPA compound dissolved in corn oil 

at a dose 160 mg/kg/day orally by gavage (which 

represent 1/20 LD50) for 3 months (90 days(. 

Group five: Twenty five (25) adult albino rats. Each 

animal received BPA compound dissolved in corn oil 

at a dose 320mg/kg/day orally by gavage (which 

represent 1/10 LD50) for 3 months (90 days(. 

All groups are weighing before and after the 

experiment and the mean weight are tabulated . 

At the end of this period and after exclusion of dead 

rats, the biochemical and histopathological 

examination were done on 100 rats  .  

All animals were sacrificed by decapitation using 

light ether anesthesia after 24 hours of the last dose . 

Biochemical analysis  : Two sets of three ml blood 

sample was collected from each rat of control and 

treated rat groups at the start and after 3 months (90 

days) in glass vial (Vacutainer tube) without 

anticoagulant (5ml capacity). 

Blood samples were held on ice and serum was 

acquired by centrifugation of samples at 2000 r.p.m 

for 15 minute within one hour of collection. Serum 

samples were stored at -20 ᴼC until the day of 

analysis. 

Light microscopic examination  : The Pituitary and 

thyroid glands, of all rat groups were fixed in 10% 

Formalin.  After fixation, the specimens were 

dehydrated through ascending grades of ethanol, 

cleared and then embedded in paraffin. Paraffin 

sections of 5 μm thickness were prepared and stained 

with haematoxylin and eosin. The stained specimens 

were examined using light microscope. 

Statistical Analysis: Information was evaluated for 

normality by utilizing the Anderson-Darling test and 

for homogeneity variances before additional 

statistical analysis. Continuous variables defined by 

mean and standard error (Mean, SE).  Comparison 

between continuous variables was performed by 

student t-test. The two-tailed p < 0.05  value was 

considered statistically significant. Entire analyses 

were conducted with the IBM  Statistical Package for 

Social Sciences (SPSS) program version 20.0 

software. 

RESULTS 

Biochemical study    

There were no statistically significant difference 

between positive control group versus negative 

control, LD50 1/20, and LD50 1/40 groups, P>0.05, 

whereas there was statistically significant difference 

between positive control group versus negative 

control, LD50 1/10, P≤0.05 (Table 1).  

Table 1:  comparison of body weight of positive 

control group versus negative control and three BPA 

administered groups after 3 month of BPA. 

Concerning positive control and negative control 

groups, there were no statistical significant 

differences at baseline and after 3 months of 

treatment.  Whereas there were statistical significant 

differences among the 3 administered BPA groups 

between baseline and after three months of BPA 

administration (Fig.1).  
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Fig. 1:  comparison of serum TSH (nmol/L) before 

and after 3 months administration of the studied 

groups. 

Concerning positive control and negative control 

groups there were no statistical significant 

differences at baseline and after 3 months of 

treatment, whereas there were statistical significant 

differences among the 3 administered BPA groups 

between baseline and after three months of BPA 

administration (Fig.2).   

  

Fig. 2:  comparison of serum T4 (nmol/L) before and 

after 3 months administration of the studied groups. 

Histopathological results: 

Thyroid 

Group III (Bisphenol A treated group 1/40):  

Bisphenol-treated group stained with H and E 

showed loss of normal thyroid architecture. The acini 

showed irregular shape and size with microcystic 

follicles with absent and scanty amount of colloid 

and some of the follicles appeared degenerated 

(Fig.3).   

 
Fig. 3: a section in the thyroid gland of a control 

(group) rat showing follicles of various sizes (stars). 

Its walls are lined by follicular cells. Hand E, X40 

Group IV (Bisphenol A treated group1/20):  

Bisphenol-treated group stained with H and E 

showed follicular loss of normal architecture with 

lymphocytic inflammatory infiltrate. Some appeared 

degenerated, others appeared with exfoliated 

desquamated cells in the lumen and some appeared 

fused (Fig.4).   

 

Fig. 4: a section in the thyroid gland of a control 

(group) rat showing of showing follicular loss of 

normal architecture with lymphocytic inflammatory 

infiltrate. H and E, X40 

Group V (Bisphenol A treated group 1/10): 

Bisphenol-treated group stained with H and E 

showed follicular loss of normal architecture, 

Extensive lymphocytic infiltrate and edema. The 

acini showed clearing of follicular cells and 

condensed chromatin with increased vascularity 

(Fig.5). 

 

Fig. 5: a section in the thyroid gland of a control 

(group) rat showing of showing follicular loss of 

normal architecture with lymphocytic inflammatory 

infiltrate. H and E, X40. 

Pituitary :  

Group III (Bisphenol A treated group):  

The pituitary showed hyperplasia of acidophil cells 

(Fig.6). 



 Hamed et al – Bisphenol A on pituitary and Thyroid Glands  

115 
 

Forensic Medicine 

 

Fig. 6: a section in the Pituitary gland showed 

hyperplasia of acidophilic cells (thick black arrow) H 

and E, X40 .  

Group IV (Bisphenol A treated group):  
The pituitary showing marked degeneration mostly 

of basophilic cells with clearing and lymphocytic 

inflammatory  infiltrate, increased vascularity, 

chromatin condensation (Fig.7).  

 
Fig. 7: a section in the Pituitary gland showed 

marked degeneration of basophilic and acidophils  

with clearing and lymphocytic infilammatory 

infiltrate, H and E X200. 

Group V (Bisphenol A treated group): 

The pituitary showing edema, necrosis, condensed 

chromatin (Fig.8). 

 

Fig. 8: a section in the Pituitary gland showed 

Oedema, apoptosis (black arrow head) condensed 

chromatin and increased vascularity (red arrow), H 

and E X20 

DISCUSSION 

BPA is a common endocrine-disrupting material, and 

its estrogenic activity was reported in the initial 

stages of its usage (1960s). In the context of its major 

use and serious side effects on human health, 

particularly on reproduction, the usage of BPA was 

controlled. The United States Environmental 

Protection Agency has established a reference dosage 

of 50µg/kg/day. In addition, the European Food 

Safety Authority has set a temporary tolerable daily 

intake of 4µg/kg/day.7  

Of note, BPA was prohibited from baby bottles in 

several nations. Since worries about human health, 

regulations restricting BPA utilization have 

increased, the use of the remaining bisphenols as 

BPA substitutes has become more common. In recent 

years, researches on BPA have increased, 

demonstrating that BPA has other endocrine-

disturbance features together with its estrogenic 

action. 8 

As regards serum T3, the current study demonstrated 

that there were no significant differences among all 

studied groups in terms of T3 level before BPA 

administration, while there were highly statistically 

significant reductions after 3 months of the studied 

groups after administration of BPA (P<0.001). In 

addition, there was a significant negative association 

between BPA and serum T3. 

This came in accordance with Mohamed and Rateb, 

who demonstrated that, statistical analysis of T3 and 

serum level in bisphenol-treated group revealed T3 

decrease in this group which was demonstrated to be 

highly significant (P<0.001) in comparison with the 

control group.9 

Moreover, Manal and Ibrahim, demonstrated that, a 

significant reduction of T3 was recorded compared to 

the control and such change was reversible after 

stoppage of BPA exposure.10 

As regards serum T4, the current study demonstrated 

that, there were no significant differences among all 

studied groups as regards T4 level before BPA 

administration, while there were highly statistically 

significant reductions after 3 months of the studied 

groups after administration of BPA (P<0.001). In 

addition, there was a significant negative correlation 

between BPA and serum T4. 

In accordance, Alkalby demonstrated that, there was 

a significant (P≤0.05) reduction in serum levels of T4 

in (50, 100 and 200) mg/kg bw BPA-treated groups 

in comparison with the control group.11 

As regards pituitary function in terms of TSH, the 

current study displayed that there were no significant 

differences among all studied groups as regards TSH 

level before BPA administration, while there were 

highly statistically significant reductions after 3 

months of the studied groups after administration of 

BPA (P<0.001). In addition, there was a significant 

negative correlation between BPA and serum TSH. 
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An important note has to be considered, under 

normal physiological conditions reduction in T4 and 

T3 levels are usually associated with marked 

elevation in TSH level, thus Xenobiotic chemical 

induces a reduction in circulating levels of T4 with a 

subsequent increase in serum TSH.12
 

As regard histopathological changes the present 

study demonstrated that bisphenol-treated group 

stained with H and E showed loss of normal thyroid 

architecture with lymphocytic inflammatory infiltrate 

and edema. 

In agreement with, Alkalby study who reported that, 

pathological alterations were detected in thyroid 

glands of male rats with various BPA dosages. 

Microscopic examination of thyroid gland of control 

group demonstrated normal structure of thyroid 

follicles of various sizes, whereas the thyroid glands 

of adult male rats treated with 50,100 and 

200mg/kg/bw daily of BPA demonstrated thyroid 

follicles with vacuolated colloid and thickening of 

Parafollicular cells of different sizes.11  

Manal and Ibrahim, study showed that, BPA treated 

group demonstrated vacuolated follicular cells, 

exfoliation of epithelial cells within the colloid and 

congested capillaries in the interfollicular spaces. 

Significant reduction of colloidal PAS reaction and 

the Bcl2 immunoreaction with increase of collagen 

fibers amount of were noticed.10  

CONCLUSION 

The current study demonstrated that, BPA exposure 

seemed to have potential toxic effects on thyroid as 

well as pituitary functions in terms of biochemical as 

well as histopathological levels. 
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