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ABSTRACT 
 

Benzo [a] pyrene is the main representative of polycyclic aromatic hydrocarbons, and has been 
repeatedly found in the air, surface water, soil, and sediments. Human exposure to Benzo [a] 
pyrene is therefore common. Benzo (a) pyrane (BaP) which is mainly presented in newspaper ink 
and inhibits the function of the thyroid and other endocrine glands of the human system, due to 
several disorders that occur in the human body. Healthy mature male mice Mus musculus having 
weight of 125 ± 5 gm were used for the experiments. The effects of a Benzo (a) pyrene (26 mg/kg 
body weight/twice in a week) during experimental periods of 60 and 90 days in male mice Mus 
musculus showed significant difference in body weights compared to control. We assessed the 
hormonal estimation of thyroid treated with Benzo (a) pyrene by using an appropriate ELISA assay 
kit and histopathological changes were observed under a light microscope (magnifications 100X) in 
the thyroid tissue of male mice Mus musculus exposed to BaP after 60 and 90 days. During the 
study, we observed that in treated mice thyroid hormone concertation was affected the structure of 
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the thyroid follicles was disturbed and epithelial cells were necrotic compared with the control mice 
which indicates that the BaP may lead to changes in the thyroid morphology as well as secreted 
hormone concentration in exposed treated male mice.  
 

 
Keywords: Benzo (a) pyrane; Mus musculus; hormonal, histopathological; thyroid follicles. 
 

1. INTRODUCTION 
 

“Polycyclic aromatic hydrocarbons (PAHs) such 
as Benzo (a) pyrene (BaP) are one of the most 
widespread persistent organic pollutants in 
terrestrial and marine environments” [1,2]. 
“Benzo (a) pyrane is a crystalline, aromatic 
hydrocarbon consisting of five fused benzene 
rings found in coal tar with the formula C20H12 in 
the nineteenth century” [1]. “The main sources of 
BaP in food are from pollution materials in the 
environment or produced by the pyrolysis of 
amino acids, carbohydrates, and fatty acids” [2]. 
“It is primarily found in automobile emissions, 
cigarette smoke, coal tar, charcoal-broiled foods 
and newspaper ink” [3]. “For their lipophilic and 
hydrophobic characteristics, polycyclic aromatic 
hydrocarbon (PAH) finally accumulates in the 
food chain. Dietary exposure accounts for more 
than 90% of the total exposure to PAHs in the 
general population in various countries” [4]. 
“Nowadays, BaP is the first pollution indicator of 
PAHs in food designated by the scientific 
community” [5]. 
 

“BaP is the first pollution indicator of PAHs in 
food. Therefore, foodborne BaP contaminants 
are a primary source of BaP uptake by humans. 
After entering the body, except for a small part of 
BaP excreted in the feces in its original form, 
most of the BaP accumulated in the 
gastrointestinal tract, epididymal fat, lung, liver, 
brain, and kidney” [6]. “BaP is highly lipophilic 
and can be easily absorbed into cells through the 
plasma membrane and can be metabolized into 
dozens of metabolites through AhR and aromatic 
hydrocarbon metabolizing enzymes, such as 1, 
2-dihydroxy-1, 2-dihydrobenzopyrene, 
benzopyrene diketone, and Benzo[A]Pyrene Diol 
Epoxide (BPDE)” [7,8,9]. “BaP may directly 
interfere with thyroid gland function and then 
change the its structure, leading to the 
interruption of hormone synthesis, thus reducing 
thyroid hormone (TH) circulation and tissue level” 
[10]. “Some studies suggested that BaP could 
affect TH synthesis by inhibiting thyroid 
peroxidase (TPO) activity” [11].  
 

“BaP is well known for its carcinogenic activity 
early in 1930, and numerous studies since the 

1970s have documented links between BaP 
intake and cancers” [1,12,13]. “The most 
representative PAHs is BaP, which can be 
absorbed through the skin, respiratory, and 
digestive tract and has become a public health 
concern due to its carcinogenic, teratogenic, and 
mutagenic effects” [14,12].  
 
“In addition, collective evidence from                
these studies revealed that the endocrine      
toxicity of foodborne contaminants like food 
material wrapped by newspaper ink is                    
mainly attributed to PAHs, especially BaP” [15]. 
In this study, oral exposure to BaP in male                 
mice Mus musculus was modeled by                   
evaluating TSH, T3 and T4 hormone 
concentrations in blood serum and 
histopathology to check the effect of thyroid 
tissue and glands. 
 

2. MATERIALS AND METHODS 
 

2.1 Animal Handling and Ethical Approval 
 
For this study adult male Mus musculus mice 
were used. The healthy mature male albino male 
mice Mus musculus having weight of 125 ± 5 gm 
were used for the experiments. Animals were 
kept at an ambient room temperature of 26 ± 2°C 
with a relative humidity of 75%, under a 
controlled 12hour light/dark cycle. The mice were 
reared on a standard diet and tap water. Mice 
were kept in the Animal House of the 
Endocrinology Laboratory, Bioscience 
Department, Barkatullah University, Bhopal, M.P. 
Animal care and handling were performed 
according to guidelines issued by the Committee 
for the purpose of control and supervision of 
experiments on animals (CPCSEA), New Delh, 
India.  
 

2.2 Chemical and Dose Preparation 
 
Current study chemical Benzo (a) pyrane a 
polycyclic aromatic hydrocarbon was used. This 
chemical was purchased from Sigma-Aldrich (St. 
Louis, MO, USA). and the dose was prepared 
and given orally alternately (twice times) in a 
week. 
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2.3 Dose of Chemical 
 

Benzo (a) pyrene 26 mg/kg body weight 
dissolved in 0.1 ml coin oil was orally 
administered two times in a week for 90 days 
with and routine slandered diet.  
 

2.4 Experimental Design 
 

Male Mus musculus mice were divided into two 
groups of 10 each. The first controlled group was 
kept for a time period of 60 and 90 day’s 
duration, received a balanced diet and water 
ablitium with proper photoperiodic intervals of 12 
hrs (Light: Dark) duration. While, second group 
was treated with Benzo (a) pyrene with corn oil 
administrated orally two times in a week for the 
duration of the 60 and 90 days.  
 

2.5 Animal Exposure 
 

First, male mice Mus musculus were adapted to 
the experimental conditions for 7 days. The mice 
were then randomly divided into two 
experimental groups, control (0.1 ml corn oil) and 
B[a]P (26 mg/kg body weight, dissolved in 0.1 ml 
corn oil coin oil). The mice in each group were 
exposed to the substance by gavage two times in 
week for 90 days. The mice were sacrificed 24 h 
after the last exposure and the thyroid gland was 
taken. 
 

2.6 Body Weight 
 

Body weight of all the experimental male mice 
Mus musculus were taken initially at zero days 
and at the end of the each different interval after 
the ie 60 and 90 days and all the values were 
expressed in grams. The body weight gain by the 
mice was calculated by the formula: 
 

Body weight gain= Final body weight – Initial 
body weight 
 

Percentage weight gain= 
 

𝐹𝑖𝑛𝑎𝑙 𝑏𝑜𝑑𝑦 𝑤𝑒𝑖𝑔ℎ𝑡 – 
 

𝐼𝑛𝑖𝑡𝑖𝑎𝑙 𝑏𝑜𝑑𝑦 𝑤𝑒𝑖𝑔ℎ𝑡 
 

𝑊𝑒𝑖𝑔ℎ𝑡

𝐼𝑛𝑖𝑡𝑖𝑎𝑙 𝑏𝑜𝑑𝑦 𝑤𝑒𝑖𝑔ℎ𝑡
𝑥100 

 

2.7 Biochemical Parameters 
 

Blood samples were collected in a separate 
serum tube by orbital puncture just immediately 
before the sacrifice of the animal by cervical 

dislocation. After the collection of the blood, it 
was kept undisturbed for 15-30 min., then 
undergo for centrifugation at 10,000 rpm for 10 
minutes in a cooling centrifuge and serum was 
separated, which was then immediately aspirated 
out for hormonal estimation of stored at -20 0C to 
-70 0C for hormonal estimations. Repeated 
freeze and thaw cycle will be avoided because it 
will destroy many serum components. Hormonal 
estimation of thyroid treated with Benzo (a) 
pyrene was done by using an appropriate ELISA 
assay kit (ELK0554, ELK0451, ELK2284), ELK 
Biotechnology, Co., Ltd. USA.  
 

2.8 Histopathological Examination 
 

“After 60 and 90 days the mice were sacrificed, 
the thyroid gland was quickly removed, and 
washed with precooling phosphate-buffered 
saline, and their color and morphological 
changes were observed. After being fixed in 4% 
paraformaldehyde, the tissues were embedded 
in paraffin, and cut into 3 μm sections. The 
tissues were stained with Hematoxylin and eosin 
(H & E), and observed under a light microscope 
(magnifications 100X)” [15]. 
 

2.9 Statistical Analysis 
 

Results are expressed as the mean and standard 
error of the mean of different groups. The inter-
group variation was analyzed by using a one-way 
analysis of variance (ANOVA) followed by 
Tukey’s test [16]. All P values were statistically 
analyzed. The P<0.05 was considered 
statistically significant. In some dependent 
variable difference (P<0.001) was considered a 
high significance association. 
 

3. RESULTS 
 

3.1 Impact of Benzo[a] pyrene on Mice 
Body Weight  

 

Our experiment on the duration of 90 days gave 
us the favorable and substantial differences 
between both the groups of experimental studies, 
where the second group was treated with Benzo 
(a) pyrene with corn oil for the duration of the 90 
days was given, to explore the impact of Benzo 
(a) pyran. The highly significant body weight gain 
of mice treated with Benzo (a) pyran group as 
compared to the body weight gain of control 
groups. The results are summarized in Table 1 
and Fig. 1. The treated group showed highly 
significant differences in the body weight of mice 
at duration of 60 days (24.05±0.28) and 90 days 
(27.88± 0.27) as compared to the control group. 
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3.2 Impact of Benzo [a] pyrene on Thyroid 
Gland Hormones  

 
A significant effect was found in the secretion of 
thyroid gland hormones like T3, T4 and                     
TSH in treated groups exposed to Benzo (a) 
pyrene (26 mg/kg body weight/twice in a week) 
compared with control groups at 60 and 90 days. 
The Benzo (a) pyran-treated mice showed a 
mark elevation in the Triiodothyronine (T3) level 
(ng/ml) in the  blood serum after 60 and 90 days 
when compared to the control group. The                        
serum T3 level significantly (P<0.05)                      
increased in 90 days, however, a more 
significant (P<0.01) increased level was                      
noticed in the duration of 60 days in the treated 
group as compared with the control (Table 2 and 
Fig. 2). 
 
The thyroxine (T4) level was elevated                         
with a significant difference (p<0.001)                            
in the duration of 60 and 90 days after                       
being exposed to Benzo (a) pyran as                    
compared with the control group (Table 3 and 
Fig. 3). 

The effect of a Benzo(a) pyrene is a more 
significant difference (p<0.01) during 
experimental periods 60 and 90 days as 
compared to control mice of TSH hormone 
(Table 4 and Fig. 4 ). Due to the impact of Benzo 
(a) pyrene on the thyroid gland, which resulted in 
an increase in the concentration of the T3, T4 & 
TSH secretion and inhibits its signaling and 
function.  
 

3.3 Histopathology and Histological 
Changes in Thyroid Gland Exposed 
by Benzo(a) pyrene 

 
The transverse section of the control thyroid 
gland of male mice Mus musculus up to 60 and 
90 days showed normal follicular cells with 
colloid in the lumen (Fig. 5), However, the thyroid 
gland of mice treated with Benzo(a) pyrene for 
60 days showed enlarged follicles with more 
vacuolization, however, the number of follicles 
has become reduced (Fig. 5). However, the 
thyroid gland of mice up to 90 days exhibited 
more enlarged epithelial cells, lumen were filled 
with a large amount of collides (Fig. 5). 

 
Table 1.  Effect of Benzo (a) pyrene of Body Weight (g) of male mice Mus musculus after 0, 60 

and 90 days as compared to control 
 

Group Body Weight (g) in different durations 

0 Days 60 Days 90 Days 
Control  15.30± 0.15 22.73± 0.08  24.10±0.21  
Benzo (a) pyrane  15.96±0.07**  24.05±0.28*** 27.88± 0.27***  

  All values are expressed in Mean±SEM 
** More significance difference (p<0.01) compared to control by one way ANOVA 

*** High significance difference (p<0.001) compared to control by one way ANOVA 
 

 
 

Fig. 1.  Effect of Benzo(a) pyrene of Body Weight (g) of male mice Mus musculus after 0 60 and 
90 days as compared to control. Data represent Mean ± SEM values, ** (p<0.01) and *** 

(p<0.001) compared to control by one way ANOVA 
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Table 2. Effect of Benzo (a) pyrene of T3 Hormones (ng/ml) level of male mice Mus musculus 
after 60 and 90 days as compared to control 

 

Group Duration parameter (Mean±SEM) 

60 Days 90 Days 

Control  2.08±0.12 2.33± 0.21 
Benzo (a) pyrane  2.96±0.16** 3.11±0.21* 

                              All values are expressed in Mean±SEM 
                           * Significance difference (p<0.05) compared to control by one way ANOVA 

** More significance difference (p<0.01) compared to control by one way ANOVA 
 

 
 

Fig. 2. Effect of Benzo (a) pyrene of serum T3 Hormones (ng/ml) level of male mice Mus 
musculus after 60 and 90 days as compared to control. Data represent Mean ± SEM 

values, * (p<0.05) and ** (p<0.01) compared to control by one way ANOVA 
 

Table 3. Effect of Benzo (a) pyrene of T4 hormone (ng/ml) level of male mice Mus musculus 
after 60 and 90 days as compared to control 

 

Group Duration parameter (Mean±SEM) 

60 Days 90 Days 

Control 1.51±0.01 1.56± 0.01 
Benzo (a) pyrene  2.09±0.01*** 1.96±0.02*** 

All values are expressed in Mean±SEM 
*** High significance difference (p<0.001) compared to control by one way ANOVA 

 

 
 

Fig. 3. Effect of Benzo (a) pyrene of serum T4 hormones (ng/ml) level of male mice Mus 
musculus after 60 and 90 days as compared to control. Data represent Mean ± SEM 

values ** (p<0.01) to control by one way ANOVA 
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Table 4. Effect of Benzo(a) pyrene of Serum TSH level (ng/ml) level of male mice Mus musculus 
after 60 and 90 days as compared to control 

 

Group Duration parameter (Mean±SEM) 

60 Days 90 Days 

Control  1.113 ±0.017 1.465 ± 0.02 
Benzo(a) pyrene 1.993 ±0.024** 1.868 ±0.021** 

                              All values are expressed in Mean±SEM 
** More significance difference (p<0.01) compared to control by one way ANOVA 

 

 
 

Fig. 4. Effect of Benzo(a) pyrene and ink of serum TSH level (ng/ml) level of male mice Mus 
musculus after 60 and 90 days as compared to control. Data represent Mean ± SEM 

values, ** (p<0.01) compared to control by one way ANOVA 
 

 
 
Fig. 5. Microphotograph of Thyroid gland transverse section (H & E 100X). A . Control thyroid 

gland showing normal follicular cells with colloid in lumen B. Thyroid gland treated 
with Benzo(a) pyrene for 60 days showing enlarged follicles with more vacuolization, 
however, the number of follicles has become reduced. C. Thyroid gland treated with 

Benzo(a) pyrene for 90 days showing epithelial cells become enlarged, the lumens are 
formed 

 

4. DISCUSSION 
 
“Some published experimental studies on animal 
or cell culture systems report evidence of thyroid-
specific effects from certain polycyclic aromatic 
compounds” [17,18,19]. “Toxicity studies in 
rodents, particularly rats, form the standard basis 
for risk assessment of many substances. 
However, when considering the relevance of 
rodent data on the thyroid gland, it is well known 

that the rodent thyroid, both in terms of its 
physiology and histology, differs substantially 
from the primate thyroid, and the management of 
the thyroid hormones themselves is radically 
different, resulting in a much more rapid thyroid 
hormone turnover rate” [20]. “The binding of 
thyroid hormones to thyroid-binding globulin 
(TBG) results in their protection from degradation 
and elimination” [21]. 
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The present study indicated that the toxicological 
effect of B[a]P (polycyclic aromatic 
hydrocarbons) increased the body weight of 
experimental mice. Similar but other studies 
reported a decrease in the body weight of mice 
exposed by polyaromatic hydrocarbons and 
para-nonphenol [22,23]. 
  
Some published experimental studies on animal 
or cell culture systems report evidence of thyroid- 
and other organs-specific effects from certain 
polycyclic aromatic compounds [17,18,19]. “The 
most representative poly aromatic hydrocarbons 
is B[a]P, which can be absorbed through the 
skin, respiratory, and digestive tract and has 
become a public health concern due to its 
carcinogenic, teratogenic, and mutagenic effects” 
[14,12]. “In recent years, some studies have 
demonstrated that EDCs (including B[a]P and 
BDE-47) affect thyroid structure and hormone 
secretion” [24,25]. 
  
“The morphology of rat thyroid cells treated with 
5 mg/kg of B[a]P and 0.5 mg/kg of BDE-47 
changed. Microscopically, in the B[a]P group, it 
was found that a part of the thyroid follicle 
structure was destroyed, the follicular epithelial 
cells were necrotic and shed into the follicular 
cavity, the glial cells accumulated in the 
individual follicular cavity, and the color was 
darker” [26]. 
 
“The thyroid tissue structure and secretion 
changed significantly after Liza Abu was exposed 
to B[a]P for 2 weeks” [25]. “B[a]P exposure 
significantly decreased the circulatory 
concentrations of T3 and T4 and increased the 
circulatory concentrations of thyroid-stimulating 
hormone in the treated rats and fish” [25,27]. 
“Another study suggested that the primary toxic 
effects of short-term exposure to B[a]P in 
zebrafish was compromised hypothalamic-
pituitary function, which would then hamper the 
adequate functional maturation of thyroid follicles 
and TH synthesis” [28]. 
 
During the study we found that the body weight 
of mice, hormone concentration, and 
histopathological changes in the thyroid gland 
found significant results in male mice Mus 
musculus exposed by Benzo(a) pyrene (dose of 
26 mg/kg body weight/twice in a week) with 
under observation of the periods of 60 and 90 
days.  
 
This study supported other research studies and 
showed highly significant results in experimental 

animals, However, we suggest here that we 
avoid or minimize the polyaromatic hydrocarbons 
like Benzo(a) pyrene in our food diet and cure 
our health. In the further, future more toxicology 
studies are needed to its prolonged inhalation 
impact on human health. 
 

5. CONCLUSION 
 
Benzo(a) pyrene is a polycyclic aromatic 
hydrocarbon, that causes toxic effects in the 
thyroid on male mice Mus musculus. The effects 
of a Benzo (a) pyrene during experimental 
periods of 60 and 90 days in male mice Mus 
musculus showed significant difference in body 
weights compared to control. It may also show 
that both may be directly affected on the target 
cell or through positive, negative thyroid 
hypophysis gonadal axis. The Benzo(a) pyrene-
induced and decreased a remarkable effect on 
the levels of triiodothyronine (T3), and 
tetraiodothyronine (T4) and TSH hormone of the 
thyroid gland. During the histopathological study 
of the thyroid gland the thyroid epithelial and 
colloid were more effective as compared to the 
control in 90 days exposure by Benzo(a) pyrene. 
However, we suggest here that we avoid or 
minimize the polyaromatic hydrocarbons like 
Benzo(a) pyrene in our food diet and cure our 
health.  
 

ETHICAL APPROVAL 
 
The present study is a part of a research                 
plan approved by the university/Institutional 
Animal Ethical Committee (IAEC) with            
certificate number: 1885/GOI/S/16/CPCSEA/ 
IAEC/BU/28. 
 

ACKNOWLEDGEMENT 
 
The authors are thankful to the Head, 
Department of Bioscience and the Vice 
Chancellor of Barkatullah University, Bhopal for 
providing facilities.  
 

COMPETING INTERESTS 
 
Authors have declared that no competing 
interests exist. 
 

REFERENCES 
 
1. Laflamme RE, Hites RA. The global 

distribution of polycyclic aromatic 

hydrocarbons in recent sediments. 



 
 
 
 

Purvia and Shrivastava; Asian J. Biochem. Gen. Mol. Biol., vol. 16, no. 5, pp. 31-39, 2024; Article no.AJBGMB.115290 
 
 

 
38 

 

Geochim Cosmochim Acta. 1978;42:289–

303. 

Available:https://doi.org/ 10.1016/0016-

7037(78)90182-5 

2. Shailaja MS, D'Silva C. Evaluation of 

impact of PAH on a tropical fish, 

Oreochromis mossambicus using multiple 

biomarkers. Chemosphere. 2003;53:835–

841. 

Available:https://doi.org/ 10.1016/s0045-

6535(03)00667-2 

3. Navas JM, Segner H. Antiestrogenicity of 

beta-naphthoflavone and PAHs in cultured 

rainbow trout hepatocytes: Evidence for a 

role of the arylhydrocarbon receptor. Aquat 

Toxicol. 2000;51:79–92. 

Available:https://doi.org/10.1016/s0166-

445x(00)00100-4 

4. Rengarajan T, Rajendran P, Nandakumar 

N, Lokeshkumar B, Rajendran P, Nishigaki 

I. Exposure to polycyclic aromatic 

hydrocarbons with special focus on cancer. 

Asian Pac. J. Trop Biomed. 2015;5:182–

189. 

Available:https://doi.org/10.1016/S2221-

1691(15) 30003-4 

5. Wu X, Wang Y, Zhang Q, Zhao H, Yang Y, 

Zhang Y. Seasonal variation, air-water 

exchange, and multivariate source 

apportionment of polycyclic aromatic 

hydrocarbons in the coastal area of Dalian, 

China. Environ Pollut. 2019;244:405–413. 

Available:https://doi.org/10.1016/j.envpol.2

018.10.075 

6. Qu JH, Hong X, Chen JF, Wang YB, Sun 

H, Xu XL. Fenvalerate inhibits 

progesterone production through cAMP-

dependent signal pathway. Toxicol Lett. 

2008;176:31–39. 

Available:https://doi.org/10.1016/j.toxlet.20

07.09.004. 

7. Vanparys C, Hectors TL, Blust R, De Coen 

W. Mechanistic profiling of the 

cAMPdependent steroidogenic pathway in 

the H295R endocrine disrupter screening 

system: new endpoints for toxicity testing. 

Toxicol Lett. 2012;208:174–184. 

Available:https://doi. 

org/10.1016/j.toxlet.2011.10.014 

8. Kennedy CJ, Smyth KR. Disruption of the 

rainbow trout reproductive endocrine axis 

by the polycyclic aromatic hydrocarbon 

benzo a pyrene. Gen Comp Endocrinol. 

2015;219:102–111. 

Available:https://doi.org/10.1016/j.ygcen.20

15.03.013 

9. EPA Priority Pollutant List. EPA Priority 

Pollutant List40 CFR Part 2014;423, 

Appendix A. 

Available:https://www.epa.gov/sites/produc

tion/files/2015-09/documents/priority-

pollutantlist-epa.pdf 

10. Boas M, Feldt-Rasmussen U, Skakkebaek 

NE, Main KM. Environmental chemicals 

and thyroid function. Eur J Endocrinol. 

2006;154(5):599– 611. 

DOI: 10.1530/eje.1.02128 

11. Song M, Kim YJ. Park YK, Ryu JC. 

Changes in thyroid peroxidase activity in 

response to various chemicals. J. Environ. 

Monit. 2012;14 (8):2121– 2126. 

DOI: 10.1039/c2em30106g 

12. Phillips DH. Fifty years of benzo(a) pyrene. 

Nature. 1983;303(5917):468-472. 

DOI: 10.1038/303468a0 

13. Domingo JL, Nadal M. Human dietary 

exposure to polycyclic aromatic 

hydrocarbons: A review of the scientific 

literature. Food Chem Toxicol. 2015;86: 

144–53. 

DOI: 10.1016/j.fct.2015.10.002 

14. Boström CE, Gerde P, Hanberg A, 

Jernström B, Johansson C, Kyrklund T, 

Rannug A, Törnqvist M, Victorin K, 

Westerholm R. Cancer risk assessment, 

indicators, and guidelines for polycyclic 

aromatic hydrocarbons in the ambient air. 

Environ Health Perspect. 2002;451−488. 

DOI: 10.1289/ehp.110-1241197 
15. Lao Q, Yang L, Liu S, Ma X, Tan D, Li J, 

Liao B, Wei Y, Pang W, Morais CL, Liu H. 
Effects of Benzo (a) Pyrene and 2, 2′, 4, 4′-
tetrabromodiphenyl ether exposure on the 
thyroid gland in rats by attenuated total 
reflection fourier-Transform Infrared 
Spectroscopy. ACS omega; 2024 Jan 19. 

16. Tukey JW. One degree of freedom for      
non-additivity. Biometrics.1949;5:232–242. 

17. Paul KB, Hedge JM, Macherla C, Filer DL, 
Burgess E, Simmons SO, Crofton KM, 
Hornung MW. Cross-species analysis of 
thyroperoxidase inhibition by xenobiotics 
demonstrates conservation of response 
between pig and rat. Toxicology. 2013;312 
(4):97-107. 



 
 
 
 

Purvia and Shrivastava; Asian J. Biochem. Gen. Mol. Biol., vol. 16, no. 5, pp. 31-39, 2024; Article no.AJBGMB.115290 
 
 

 
39 

 

18. Stephens S, Alkindi A, Waring C, Brown J. 
Corticosteroid and thyroid response of 
larval and juvenile turbot to the water-
solucble fraction of crude oil. J Fish Biol. 
1997;50:953-964. 

19. Brar N, Waggoner C, Reyes J, Fairey R, 
Kelley K. Evidence for thyroid endocrine 
disruption in wild fish in San Francisco 
Bay, California. Relationships to 
contaminant exposures. Aquat Toxicol. 
2010;96:203–215. 

20. McClain Michael R. Mechanistic 
considerations for the relevance of animal 
data on thyroid neoplasia to human risk 
assessment.  Mutation Research/ 
Fundamental and Molecular Mechanisms 
of Mutagenesis. 1995;333(1-2):131-142. 

21. Lewandowski TA, Seeley MR, Beck BD. 
Interspecies differences in susceptibility to 
perturbation of thyroid homeostasis: A 
case study with perchlorate. Regulatory 
Toxicology and Pharmacology. 2004;39(3): 
348-362. 

22. Tyl RW, Myers CB, Marr MC, Castillo NP, 
Seely JC, Sloan CS, Veselica MM, Joiner 
RL, van Miller JP, Simon GS. Three-
generation evaluation of dietary para-
nonylphenol in CD (Sprague dawley) rats. 
Toxicol Sci. 2006;92:295-310. 

23. Korkmaz A, Aydogan M, Kolankaya D, 
Barlas N. Influence of vitamin-Con 
bisphenol A, nonylphenol and octylphenol 
induced oxidative damage in Liver of rats. 
Food and Chemical Toxicol. 2010;48:2865-
2871. 

24. Talsness CE, Kuriyama SN, Sterner-Kock 
A, Schnitker P, Grande SW, Shakibaei M, 

Andrade, A, Grote K ,Chahoud I. In utero 
and lactational exposures to low                    
doses of polybrominated diphenyl ether-47 
alter the reproductive system and thyroid 
gland of female rat offspring. Environ. 
Health Perspect. 2008;116(3):308−                
314. 

25. Movahedinia A, Salamat N, Kheradmand 
P. Effects of the environmental endocrine 
disrupting compound benzo[a]pyrene on 
thyroidal status of abu mullet (Liza abu) 
during short-term xposure. Toxicol Rep. 
2018;5:377−382. 

26. Lao QF, Yang L, Liu S, Ma XJ, Tan DC, Li 
JB, Liao BY, Wei YF, Pang WY, Morais 
CLM, Liu H. Effects of Benzo (a) Pyrene 
and 2,2′,4,4′-tetrabromodiphenyl ether 
exposure on the thyroid gland in rats by 
attenuated total reflection fourier-
Transform Infrared Spectroscopy. ACS 
Omega. 2024;9:4317−4323. 

Available:https://doi.org/10.1021/acsomeg
a.3c05819 

27. Adedara IA, Daramola YM, Dagunduro JO, 
Aiyegbusi MA, Farombi EO. 
Renoprotection of Kolaviron against benzo 
(A) pyrene-induced renal toxicity in rats. 
Ren Fail. 2015;37(3):497-504. 

28. Li X, Gao H, Li P, Chen W, Tang S, Liu L, 
Zhou G, Xia T, Wang A, Zhang S. 
Impaired sperm quantity and motility in 
adult rats following gestational and 
lactational exposure to environmentally 
relevant levels of PBDE-47: A potential 
role of thyroid hormones disruption. 
Environ Pollut. 2021;268:115773. 

_________________________________________________________________________________ 
© Copyright (2024): Author(s). The licensee is the journal publisher. This is an Open Access article distributed under the terms 
of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, 
distribution, and reproduction in any medium, provided the original work is properly cited. 
 

 

Peer-review history: 
The peer review history for this paper can be accessed here: 

https://www.sdiarticle5.com/review-history/115290 


