
INTRODUCTION 

r. Hans Selye first characterized Dstress as a syndrome caused by 
either a physical, mental, and/or 
psychological reaction of the body to 
any internal or external innocuous 
stimulus that needs to be adjusted 

1accordingly.  The body's homeostatic 
response toward stress varies 
depending on the magnitude, duration, 
and type of stressor. Noise is one of the 
major environmental stressors, defined 
as unwanted/undesirable sound which 
lacks a discernible pattern and might be 

2perceived as unpleasant/irritating.    
Continuous noise exposure can exert 
prolonged effects in terms of impaired 
health,  toxicity to environment, and 

2,3economical losses.  To prevent hearing 
loss, maximum 85 decibels noise 
exposure for average of 8 hours/day is 

4the recommended safety limit.  

Long-term exposure to noise stress can 
lead to numerous health issues, 
including hearing impairment, sleep 
disorders, impaired attention, mental 
def ic i ts ,  endocr ine d isrupt ion,  
cardiovascular ailments, and metabolic 

5-7derangements.   Chronic exposure to 
loud noise drastically affects the quality 
of life by both occupational and non-
occupational exposure such as vehicles, 
household appliances and leisure 

3noise.   According to the World Health 
O r g a n i z a t i o n ,  n o i s e - i n d u c e d  
morbidities in European adults, 
measured as Disability-Adjusted Life 
Years (DALYs), were estimated to be 
61,000 for cardiovascular diseases, 
654,000 for mental annoyance, 903,000 
for sleep disturbances, and 22,000 for 

7tinnitus.   

To survive, the body adjusts its 
neurohormonal levels in response to 
stress by stimulating the sympathetic-
adrenal-medullary system and the 

8hypothalamic-pituitary-adrenal axis.    
This response of the body helps 
m a i n t a i n  h o m e o s t a s i s  u n l e s s  
homeostatic limits are crossed, and 
stress response becomes detrimental to 
human wellbeing. The thyroid gland is 
closely regulated by the hypothalamic-

9pituitary axis.   It can be speculated that 
thyroid gland can be directly or 
indirectly affected by stress exposure. 
Moreover, noise pollution reportedly 
affects all vital body functions.  Thyroid 
hormones in turn are have potential 
contribution towards regulation of all 
these functions. Conditions like 
depression, fatigue, memory loss, and 
weight gain linked to noise stress also 

10relate to thyroid dysfunction.   Hence, 
adverse effects of environmental noise 
stress on structural and functional 
integrity of human thyroid gland is an 
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ABSTRACT

OBJECTIVE: To analyze the effects of variable durations of loud noise stress on 
the histomorphology of the thyroid gland in adult rats.

METHODS: This laboratory-based experimental study was conducted at the 
Anatomy Department, Army Medical College/National University of Medical 
Sciences, Rawalpindi, Pakistan, from January to December 2020. Thirty Sprague 
Dawley rats were divided into three groups: Control group A (no noise 
exposure), experimental group B (100 dB noise for 4 hours daily), and 
experimental group C (100 dB noise for 6 hours daily) for four months. At the end 
of the experiment, the rats were weighed, euthanized, and their thyroid glands 
removed. The glands were analyzed microscopically after Haematoxylin and 
Eosin staining, measuring the diameter and epithelial height of thyroid follicles.

RESULTS: All rats remained healthy with no statistically significant differences in 
weight gain between the groups. The follicular epithelial height significantly 
increased in groups B (9.86±0.38 µm) and C (10.37±0.39 µm) compared to the 
control group A, (p-values <0.001 and 0.001, respectively). The follicular 
diameter significantly decreased in groups B (86.61±7.68 µm) and C 
(95.47±5.24 µm) compared to group A, (p-values <0.001 and 0.003, 
respectively. Microscopic examination revealed that experimental groups 
exhibited disrupted thyroid follicles and increased inflammatory infiltrates 
compared to controls.

CONCLUSION: Exposure to variable durations of loud noise stress in adult rats 
leads to histomorphological changes in the thyroid gland, including increased 
follicular epithelial height and reduced follicular diameter. These findings are 
suggestive of potential hyperactivity of thyroid follicles in response to noise stress 
exposure.
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important public health consideration. 

Evidence on the effect of stress, 
particularly noise stress, on the thyroid 
g l a n d ' s  f u n c t i o n i n g  a n d  
histomorphology in rodents and 
humans remains inconclusive due to the 

11-13due to the limited data available.     
This is primarily because most studies 
have focused on the effects of stress in 
general, rather than specifically 
investigating noise stress. A cross 
sect ional  study,  reported that 
occupational exposure to noise stress 
was associated with thyroid functional 
d y s r e g u l a t i o n  a m o n g  1 1 . 6 5 %  
participants compared to 2.85% in the 

14control group.  

Amidst rising global noise stress due to 
global izat ion and technological  
advancements, it is crucial to establish 
evidence on environmental noise's 
impact on thyroid gland structure and 
function. Given the concerning 
epidemiological data linking noise 
exposure to various health risks, there is 
an urgent necessity to establish 
substantial evidence regarding the 
influence of environmental noise stress 
on the structure and functions of the 
thyroid gland. The gap in literature 
exists as the effect of noise stress needs 
to be studied further on its effect on 
histomorphology of thyroid gland, 
which is the main gland that controls the 
metabolism of the entire body.  The 
current study was planned to provide 
substantial evidence on this important 
public health issue by analyzing the 
effects of varying durations of loud noise 
stress on the histomorphology of the 
thyroid gland in adult rats, with 
implications for understanding similar 
impacts in humans.

METHODS 

This experimental study was conducted 
at the Department of Anatomy, Army 
Medical College, Rawalpindi / National 
University of Medical Sciences (NUMS), 
in collaboration with the National 
Institute of Health (NIH), Islamabad, 
Pakistan. The research was conducted 
over a 12-month period, from January 
2020 to December 2020, following 
ethical approval from the institutional 
review board (ERC/ID/08). Thirty 
Sprague Dawley rats were used which 
included equal number of male and 

female rats. Rats with any gross injuries 
or abnormalities were remove. Female 
pregnant rats were also excluded from 
the study. Healthy rats weighing 
250±50 grams on average were 
included. Males and females were kept 
in separate cages to avoid mating. 

The rats were split into three groups 
having ten rats each: group A served as 
the control group and did not 
experience any sound stress; group B 
and group C served as the experimental 
groups and were subjected to daily 
exposure to 100 dB noise for 4 and 6 
hours, respectively. All rats had 
unlimited access to rat chow and water. 
Locally obtained pure tone noise 
generator was used to deliver noise 
stress, and a decibel meter (Radio Shack 
analogue model 33-4050) was used to 
check sound levels. Control group A 
was placed in a room which was far 
from the experimental groups room so 
that it should not be exposed to noise. 
The animal house is quite large and 
there are many enclosures and rooms 
for different animals. Experimental 
group B rats after being exposed to 
noise for 4 hours was taken to the same 
room as that of experimental group A so 
that the exposure to noise for 
experimental group C should be 
continued for the next 2 hours.

The rats' body weight was measured at 
the beginning and end of the 
experiment using a digital analytical 
balance, sensitive up to one-tenth of a 
gram increment. The reason for weight 
measurement is to check the overall 
effect of noise on the body's metabolism 
as thyroid gland is mainly involved in 
metabolic processes of the body. At the 
conclusion of the study, the rats were 
euthanized using inhalant chloroform 

15anesthetic overdose.  The thyroid gland 
was carefully dissected out and washed 
with normal saline to remove excess 
blood. The biochemical tests were not 
performed because the gap in literature 
required histopathology of the thyroid 
gland to be studied further and the 
hormone leve l s  were  a l ready  
extensively studied.

Blocks of paraffin were created after 
fixation, dehydration, and infiltration of 
the representative tissue. Five 
micrometer thick sections were cut 
using LEICA RM 22.5 (Germany) rotary 

microtome, and LEICA autostainer 
(Germany) was used for giving 
Haematoxylin and Eosin (H&E) stain. 
Canada balsam was used to mount the 
sections, and a coverslip was used to 
protect them.

Olympus® Microscope Bx43 mounted 
with Olympus® Stylus 1010 Digital 
Camera (10 megapixels), was used for 
m i c r o s c o p i c  o b s e r v a t i o n  a n d  
photography of slides. All the images 
were analyzed using the software Civil 
AutoCAD version 2013. 

At the end of the study, on microscopic 
observation, the diameter of thyroid 
follicles and follicular epithelial height 
were recorded from five thyroid 
follicles that were randomly selected 
from the prepared section of the 
thyroid gland of each animal, and their 

16average was taken.  For thyroid follicle 
diameter, the average of maximum 
t r a n s v e r s e  d i a m e t e r  a n d  i t s  
perpendicular was taken. The mean 
epithelial height of each thyroid follicle 
was calculated as an average of four 
equidistant measurements taken from 
basement membrane to follicular 
lumen. There was no grading of mild, 
moderate and severe for follicular 
diameter and height as these are 
quantitative parameters and not 
qualitative. The reference range was the 
mean value of control group A to which 
the values of experimental groups B and 
C were compared. It was done because 
group A rats were normal subjects living 
in completely normal conditions and 
hence, the values of all their parameters 
were normal and were considered as a 
reference.

The statistical package for social 
sciences (SPSS version 26) was used to 
enter the data. The mean and standard 
deviation were used to represent 
q u a n t i t a t i v e  v a r i a b l e s .  A f t e r  
presumptions verification, a one-way 
analysis of variance (ANOVA) was 
performed to evaluate significant 
differences between the groups. The 
post hoc Tukey test was used to identify 
pairwise differences between the 
groups in case of significant overall one-
way ANOVA. Welch ANOVA was used 
in circumstances when the data did not 
have a homogenous distribution, and 

17then the Games-Howell post hoc test.  
Statistical significance was defined as a 
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p-value ≤ 0.05. 

RESULTS

All the rats in the study stayed healthy 
with a 100% survival rate. A one-way 
ANOVA was conducted to analyze the 
effects of noise stress exposure on the 
body weight gain of adult rats. The mean 
weight of rats did not differ statistically 
significantly between the groups at the 
beginning of the study (p = 0.8) and at 
the end of the study (p = 0.84). Rats in 
control group A and experimental 
groups B and C gained an average 
weight of 39 ± 27.26 gm, 43 ± 23.11 
gm, and 43 ± 23.07 gm, respectively, 
over 04 months.

The gross appearance and color of the 
thyroid gland among all groups was 
consistently normal. The location of the 
thyroid gland was found anatomically 
normal among all groups. One-way 
ANOVA was conducted to analyze the 
effect of noise stress exposure on the 

microscopic appearance of adult rats' 
thyroid glands. Table IV is showing that 
the mean follicular epithelial height of 
rats differed statistically significantly 
between the groups, p < 0.001. The 
experimental Group C rats had a higher 
mean follicular epithelial height as 
compared to the control Group A, a 
statistically significant difference of 3.74 
µm, p < 0.001. Also, the experimental 
rats in experimental group B, had higher 
mean follicular epithelial height as 
compared to the control group A, a 
statistically significant difference of 3.24 
µm, p< 0.001. 

Levene's test for equality of variances 
determined that the assumption of 
homogeneity of variances was broken 
for thyroid follicular diameter (p = 
0.026). Therefore, One-Way Welch's 
ANOVA with post hoc Games-Howell 
test was used to examine the impact of 
noise stress exposure on the 
microscopic structure of adult rats' 

thyroid glands in place of one-way 
ANOVA. Table V demonstrates that 
there was a statistically significant 
difference in the mean thyroid follicular 
diameter of the rats between the 
groups, p=0.001. The experimental 
Group C rats had less mean thyroid 
follicular diameter as compared to the 
control Group A, a statistically 
significant difference of 23.03 µm, p = 
0.003. Games-Howell post hoc analysis 
revealed that experimental group C rats 
had a higher mean thyroid follicular 
diameter as compared to the 
experimental group B, a statistically 
significant difference of 8.85 µm, p = 
0.021.

Microscopic examination revealed that 
the experimental group rats exhibited a 
higher proportion of disrupted thyroid 
follicles and interstitium than the 
control group rats. Thyroid follicles 
varied greatly in size and shape, but 
mostly the thyroid follicles among 
experimental groups were smaller than 
the control group, although majorly 
rounded in shape. A few large-sized 
follicles were also observed in the 
peripheral field. Follicles were loosely 
arranged and separated by  a  
considerable amount of connective 
tissue between them. 

Figure 1 shows that the control group 
rats exhibited a follicular lumen full of 
colloid and almost no resorptive 
vesicles. In comparison, Figure 2 shows 
that most of the follicular luminal 
cavities were empty, and only scanty 
colloid was observed in the lumina of 
follicles, particularly in experimental 
groups. Abundant resorptive follicles 
were also observed in the follicular 
lumina of experimental group rats. 

 A few parafollicular cells were also 
visible lying within the basement 
membrane of follicles, and some were 
scattered in the connective tissue of 
parafollicular space. Darkly stained cells 
in the connective tissue of parafollicular 
space were identified and characterized 
as inflammatory infiltrates. This 
inflammatory infiltrate was abundantly 
seen in the experimental group rats.

DISCUSSION 

Results indicated that rats exposed to 
the variable duration of loud noise stress 
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Table I: Intergroup comparison of initial body weight of adult rats

Pairwise Groups Mean Difference
p-value

X Y x-y

A B 1 1.00

A C 21 0.82

B C 20 0.84

*p-value=significant at p ≤ 0.05 for post hoc Tukey Test (following significant overall F-test of One-way ANOVA)

Table II: Intergroup comparison of final body weight of adult rats

Pairwise Groups Mean Difference
p-value

X Y x-y

A B -3.00 1.00

A C 16.10 0.89

B C 19.10 0.85

*p-value=significant at p ≤ 0.05 for post hoc Tukey Test (following significant overall F-test of One-way ANOVA)

Table III: Intergroup comparison of total body weight gain in adult rats

Pairwise Groups Mean Difference
p-value

X Y x-y

A B -4.00 0.93

A C -4.90 0.90

B C -0.90 1.00

*p-value=significant at p ≤ 0.05 for post hoc Tukey Test (following significant overall F-test of One-way ANOVA)



in experimental groups B and C 
exhibited significantly higher follicular 
epithelial height and reduced follicular 
diameter than the control group rats. 
However, the thyroid gland histological 
parameters didn't differ significantly 
among the experimental groups.

The histopathological evaluation of the 
thyroid gland in the current study is also 
consistent with previous rodent 
research where the thyroid gland of rats 
exposed to acute noise stress showed 
an increased number of full follicles 
among the rats exposed to chronic 

18 noise stress. In a different study, 
prolonged stress exposure in rodents 
also lowered serum T3 and TSH, raised 

19 rT3, and had no effect on serum T4.
Thyroid hormone levels was not 
performed in our study because there 
were already many studies conducted 
which focused on the biochemical 
aspect and measured them. So, there 
was no gap in literature which needed to 
be filled by checking their levels 
again.There is some evidence of altered 
thyroid gland functioning in human 
cohorts exposed to various stress 

20,21sources.  People who underwent 
extensive intraperitoneal surgery stress, 
for instance, showed decreased free 

and total T3 levels, increased rT3, free 
T4, and TSH. People who experienced 
prolonged posttraumatic stress showed 
reduced thyroid axis function and 

1 9increased production of rT3.  
However, there is currently no data on 
histomorphological variations of the 
thyroid gland specifically among humans 
exposed to loud noise stress, hindering 
s t andard i zed  compar i son  and  
generalization.     

The effects of thyroid malfunction 
brought on by stress have also been 
verified by studies on other species. For 
instance, after exposure to chronic 
stress, hypothyroidism, which is 
manifested by decreased free T3 levels 
and elevated TSH levels, has been found 
in storks, cockerels, newts (Triturus 
c a r n i f e x ) ,  t u r t l e s ,  a n d  f i s h  

19(Oreochromis niloticus).  The findings 
of the present study point to an 
overactive thyroid gland in response to 
noise stress exposure, which may 
perhaps occur before the onset of the 
hypothyroid ism seen in  other 
investigations. Chronic loud noise stress 
exposure may eventually cause thyroid 
follicular fatigue and hypofunction.

Given that the current study's findings 

align with data from relevant research in 
other experimental models, it is crucial 
to conduct standardized observational 
and experimental studies among human 
cohorts exposed to loud noise stress to 
draw convincing conclusions. While 
several mechanisms of stress-induced 
thyroid dysfunction have been 
proposed, a definitive understanding of 
the responsible pathophysiological 
mechanism is yet to be elucidated. 
The qualitative histological findings of 
our study showed increased height of 
follicular epithelial cells and decrease in 
the diameter of thyroid follicles of 
experimental groups, The study results 
are consistent with the results in a 
similar study which observed tall 
columnar cells with scanty colloid and 
hence, indicating the hyperactivity of 

22the thyroid gland.   

It is hypothesized that thyroid 
dysregulation in rats subjected to 
chronic stress is brought on by impaired 
T3 negative feedback to TSH brought 

19on by glucocorticoids.  The concurrent 
feedback inhibition of CRH and proTRH 
mRNA caused by glucocorticoids in the 
paraventricular hypothalamic nucleus is 
one example of how epigenetics may 
c o n t r i b u t e  t o  t h y r o i d  g l a n d  

12dysfunction.  The above-given effects 
of stress-induced thyroid dysfunction 
are also proposed to be contributed by 
noise-induced oxidative stress i.e., the 
imbalance between oxidative and 
antioxidant metabolites in the body. The 
similar histological findings in our study 
were observed by Studer who 
concluded that it is due to rapid cellular 
multiplication under stress to meet the 

23needs of the gland under stress.
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Table IV: Intergroup comparison of follicular epithelial height (µm) of rats 
Pairwise Groups Mean Difference

p-value
X Y x-y

A B -3.24 *<0.001

A C -3.74 *0.001

B C -0.57 0.114

*p-value=significant at p ≤ 0.05 for post hoc Tukey Test (following significant overall F-test of One-way ANOVA)

Figure 1: Photomicrographs from control group A, showing Thyroid Follicles of rats at 40x Note large sized colloid filled follicles
 with intact basement membrane and cuboidal epithelium 



The current study's findings have 
brought attention to the hyperactivity of 
thyroid follicles in response to loud 
noise stress. The outcomes did not 
s i g n i f i c a n t l y  d i f f e r  b e t w e e n  
experimental groups subjected to noise 
stress for varying lengths of time. This 
study is, however, limited to the 
histopathological evaluation of the 
thyroid gland. Still, the results thus 
produced can trigger further research 
t o  b r o a d l y  e x p l o r e  t h e  
pathophysiological basis along with 
histoarchitecture of the thyroid gland 
e.g., thyroid serum profile and oxidative 
stress markers. Further standardized 
observational and experimental 
research with human cohorts exposed 
to loud noise stress should be carried 
out in order to draw conclusions and 
generalize these findings.

CONCLUSION 

Exposure to variable durations of loud 
noise stress in adult rats leads to 
histomorphological changes in the 
thyroid gland, including increased 
follicular epithelial height and reduced 
follicular diameter. These results raise 
the possibility that thyroid follicles may 
become hyperactive in response to 
noise stress. Further research, including 
standardized human studies, is 
warranted to better understand the 
underlying mechanisms and potential 
implications for human thyroid health.
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