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ABSTRACT

Objective: To determine the effect of noise stress on thyroid stimulating hormone in adult rats.

Study Design: Laboratory-based experimental study.

Place and Duration of Study: Department of Anatomy, Army Medical College, Rawalpindi in collaboration with National
Institute of Health, Islamabad, from Jan to Dec 2020.

Methodology: A total of 30 adult Sprague Dawley rats were distributed into three groups as ten rats/group. Group A served
as the control group, rats in group B were exposed to 100 dB noise for continuous 4 hours/day for four months, and the rats in
group C were exposed to 100 dB noise for continuous 6 hours/day for four months. At the end of the study, serum samples
were collected from the rats’ tail veins. Thyroid-stimulating hormone levels were compared among the groups.

Results: At the start of the study, mean serum thyroid stimulating hormone level of control group A rats was 0.34 + 0.15
uIU/ml. Mean serum thyroid stimulating hormone level of experimental groups B and C rats at the start of the study was 0.46
+0.18 uIU/ml and 0.41 + 0.14 pIU/ml, respectively Mean serum thyroid stimulating hormone of rats did not differ statistically
significantly between the group p=0.26, By the end of study mean serum thyroid stimulating hormone level of control group
A rats was 0.6 + 0.2 pIU/ml. Mean serum thyroid stimulating hormone levels of experimental groups B and C rats at the end
of the study were 1.32 + 0.35 pIU/ml and 1.86 * 0.67 pIU/ml, respectively, Mean serum thyroid stimulating hormone of rats
differed significantly between the groups p<0.001.

Conclusion: Loud noise exposure can lead to an increased level of mean serum thyroid stimulating hormone levels in

adult rats.
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INTRODUCTION

Noise is a chronic environmental stressor defined
as an unwanted, unpleasant, or unpredictable sound,
or a combination of sounds!. The adverse health prob-
lems imposed by exposure to noise stress include hea-
ring loss, sleep disturbances, poor concentration, cog-
nitive impairment, endocrinal disturbances, cardiovas-
cular and metabolic implications?4.

Moreover, human body exposure to noise pollu-
tion affects vital functions such as body temperature,
heart rate, nervous system, breathing, body weight,
muscle strength®. Thyroid hormones potentially regu-
late all these functions, and deregulation of thyroid
functions can adversely affect these vital signs. In addi-
tion, the features of depression, fatigue, memory loss,
and weight gain associated with noise exposure can be
explained by poor thyroid gland functionality induced
by noise stress®. Hence, the impact of environmental
noise exposure on the human thyroid gland’s func-
tional integrity is vital to be considered.

Keeping in mind, this study is designed to ana-
lyze the effect of different durations of noise exposure

Correspondence: Dr Saba Saleem Safdar, Department of Anatomy,
Army Medical College Rawalpindi Pakistan
Received: 11 Jun 2021; revised received: 01 Jun 2021; accepted: 05 Jul 2021

on thyroid stimulating hormone of adult rats. The
effect of noise exposure on human health may vary
depending upon the intensity and duration of noise ex-
posure. The thyroid gland majorly influences the vital
functioning of many organ systems of the body and is
regulated closely by the hypothalamic-pituitary axis’.

Thyroid stimulating hormone (TSH) is a glycop-
rotein, released from the anterior pituitary, also known
as thyrotropin. TSH consists of 211 amino acids, with a
and P subunits®. Functional activity of TSH resides in
its B subunit which increases thyroid hormones prod-
uction via cAMP-mediated second messenger system
by enhancing the release of stored thyroid hormones
via stimulating proteolysis of thyroglobulin, Iodide tr-
apping by enhancing sodium-iodide cotransporter, in-
creasing organification of tyrosine residues of thyrog-
lobulin and hypertrophy and enhanced secretory acti-
vity of the follicular cells®.

TRH is secreted from neurons in the hypothala-
mus’s paraventricular nucleus, which stimulates ante-
rior pituitary TSH production and release’. However,
the most potent and practically important regulator of
TRH and hence TSH production is negative feedback
regulation by circulating thyroid hormone levels and
more specifically by T37.

1157



Effects of Noise Stress

Keeping in mind the key role of TSH in regulating
the function of the thyroid gland, this study was aimed
at determining the effect of noise stress on serum
thyroid stimulating hormone levels in adult rats.

METHODOLOGY

This laboratory-based experimental study was
carried out as per the rules and regulations regarding
the handling and care of animals set forth by the ethics
committee of the Army Medical College/National Uni-
versity of Medical Sciences (NUMS), from January to
December 2020, 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.

The study sample included 30 (15 male and 15
female Sprague Dawley rats) selected by non-probabi-
lity consecutive sampling. Healthy male and female
rats of an average weight of 250 £ 50 grams were pro-
cured from the National Institute of Health, Islamabad,
and included in the study. While female pregnant rats
or rats with any gross injury/abnormality were exc-
luded. Rats were kept in partially ventilated separate
cages in NIH’s animal house.Rats were kept under
standard laboratory conditions of temperature 21 + 2°
C and a 12-hour light/dark cycle. The rats were fed on
standard laboratory rat chow and water ad libitum.
Rats were divided into three groups, including ten rats
(five male and five female) per group: group A (cont-
rol group): rats in group A served as controls. They
were given a standard diet and water ad libitum
for four months. Group B (experimental group): This
group contained ten rats exposed to 100 dB noise for
continuous 4 hours per day from 9:00 am to 1:00 pm
for four months with standard food and water ad libi-
tum. Group C (experimental group): this group con-
tained ten rats exposed to 100 dB noise for continuous
6 hours per day from 9:00 am to 3:00 pm for 4 months
with standard food and water ad libitum.

Twenty sprague dawley males and females assig-
ned to experimental groups B and C were exposed to
recorded pure tone noise stress, purchased from the
local market. An uninterrupted power supply was pro-
vided with a DC adopter and stand by battery of nine
volts. A sound level decibel meter was placed outside
the cages to measure and maintain noise intensity
(radio shack analogue model 33-4050). The intensity
of sound was recorded at the start and end of the
experiment.

At the start and end of the experiment, blood
samples were drawn from the rats' tail vein for mea-
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suring the serum TSH levels!®. For this purpose, rats
were contained individually in a plastic tube restrai-
ner, and the tails were washed with a dilute disinfec-
tant solution. Then, using the thumb and index finger,
the right lateral tail vein was raised.

Two-millilitre blood was collected from the
localized vein, 1/34 of the tail's length from the tail tip,
via a 21G sterile needle. Collected blood was shifted
into labelled and sterile plastic vials. Vials were then
placed vertically in the stand, allowed to clot, and retr-
act at room tempe-rature. After half an hour, the blood
samples were cen-trifuged at 5000 revolutions per min-
ute, for 15 minutes by centrifuge machine (EBA 20 Het-
tich). Separated sera were collected into labelled poly-
propylene storage tubes and stored at -20°C for later
determination of serum TSH levels. Serum TSH levels
were measured by using Enzyme Immunoassay (EIA)
test kit for TSH.

The data was entered using a statistical package
for social sciences (SPSS-26). Mean serum Thyroid-
stimulating hormone levels at the start and end of the
study were compared among the groups via one-way
ANOVA after looking for the assumptions. One-way
ANOVA was followed by post-hoc Tuckey test for
pairwise comparison among groups. The p-value of
<0.05 was considered significant.

RESULTS

A total of 30 sprague dawley rats 15 (50%) male
and 15 (50%) female were included, mean weight was
250 + 50 grams. At the start of the study, mean serum
TSH level of control group A rats was 0.34 + 0.15 plU/
ml. Mean serum TSH level of experimental groups B
and C rats at the start of the study was 0.46 + 0.18 uIU/
ml and 0.41 £ 0.14 pIU/ml, respectively.

Mean serum TSH of rats did not differ statistically
significantly bet-ween the group p=0.26, by the end of
study mean se-rum TSH level of control group A rats
was 0.6 £ 0.2 plU/ml. Mean serum TSH levels of
experimental groups B and C rats at the end of the
study were 1.32 + 0.35pIU/ml and 1.86 + 0.67pIU/ml,
respectively, table-I. Mean serum TSH of rats differed
significantly bet-ween the groups p<0.001, (table-I).

Mean serum TSH of rats differed significantly
between the groups, at the end of study. The group C
rats had higher serum TSH levels as compared to the
control group A and experiment group B, a statistically
significant p=0.03 and p<0.001 respectively, simliary
group Brats had higher serum TSH levels as compared
to the control Group A p<0.001 shown in table-II.
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Table-I: Comparison of serum thyroid stimulating hormone
levels of rats between start and end of the study within

groups.

Parameters Group- | Group- | Group- p-

1 2 3 value
Initial Serum TSH 034+ 046+ 041+ 0.26
Level (uIU/ml) 0.15 0.18 0.14 )
Final Serum TSH 0.60 £ 132+ 1.86 £ <0.001
Level (uIU/ml) 0.20 0.35 0.67 )

Table-II: Inter-group comparison of serum thyroid stimula-
ting hormone levels of rats between start and end of the
study within groups.

Group-1 Group-2 Group-1
g;?rtlparison Vs. Vs. Vs.
P Group-2 Group-3 Group-3
Final Serum TSH
Level (uIU/ml) <0.001 <0.001 0.03

DISCUSSION

In the context of increasing globalization and
technological enhancements, human beings are exceed-
ingly exposed to noise stress worldwide. Considering
the epidemiological statistics of noise exposure, and its
adverse health hazards, there is a dire need to generate
potential evidence for the effect of environmental noise
stress on the thyroid gland’s structural and functional
integrity. For this purpose, the study was designed to
analyze the impact of variable duration of noise stress
exposure on thyroid stimulating hormone of adult rats.

The noise is defined as an unwanted/unpleasant
or unpredictable sound or combination of sounds?. It
is now increasingly believed that noise pollution is a
chronic environmental stressor that has long-lasting
adverse effects on health, society, environment and
economics!. As per NIOSH guidelines, recommended
maximum noise exposure is 85 decibels, for an average
of 8-hours/day™. In addition to the direct impact on
hearing, chronic exposure to noise stress is a cause of
psychological and physiological impairments as card-
iovascular morbidities, including ischemic heart disea-
ses'2. Other cardiovascular diseases associated with ch-
ronic noise stress include arterial hypertension, stroke,
arrhythmia and heart failure'>15. Noise exposure can
also lead to depression, anxiety, metabolic and sleep
disturbances.

This study's objective was to determine the effects
of noise stress on the thyroid profile of adult rats' thy-
roid glands. For this purpose, 30 (15 males and 15 fe-
male) adult Sprague Dawley rats were distributed into
three groups as ten rats/group. Group A served as the
control group, rats in group B were exposed to 100 dB
noise for continuous 4 hours per day for four months,
and the rats in group C were exposed to 100 dB noise
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for continuous 6 hours per day for four months. At the
end of the study, the mean serum TSH levels of expe-
rimental groups B and C were significantly higher as
compared to the control group rats.

A previous study also reported that acute expo-
sure to noise stress raised serum T3 and decreased se-
rum TSH among rodents, whereas serum T3 was redu-
ced along with raised TSH among rodents exposed to
chronic noise exposure®. Prolonged exposure to stress
among rodents in another study also resulted in dec-
reased serum T3 and TSH, increased rT3, and no chan-
ge in serum T4V. In the current study, raised serum
TSH levels are observed among experimental groups,
whereas the significantly higher rise of serum TSH is
exhibited by rats exposed to longer duration of noise
stress. However, this study has the limitation of only
reporting the serological findings of TSH and has not
counted for observing the functional markers of thy-
roid gland activity i.e., serum T3 and T4 levels.

Some evidence of altered thyroid gland function-
ing is also available among human cohorts exposed to
variable stress sources. Among a human cohort expo-
sed to the acute stress of heavy intraperitoneal surgery,
decreased free and total T3, increased rT3, free T4 and
TSH were reported!'”. Whereas, people with chronic
posttraumatic stress exhibited impaired peripheral
conversion of T4 to T3, increased production of rT3
and decreased thyroid axis!”. Thyroid profile of anot-
her group of people exposed to long-term environme-
n-tal stress (high altitude and cold exposure) exhibited
decreased serum T3 and increased rT3 and cortisol?.

A comparative study among healthy cohorts of
occupational exposure to long-term noise stress was
made with a healthy cohort of no such occupational,
environmental exposure of noise. Among the people
exposed to occupational noise stress, 11.65% exhibited
thyroid functional dysregulation compared to only
2.85% in the comparative group'®. Impact of stress-
induced thyroid dysfunction has also been supported
by experimentation among other species. Hypothyroi-
dism, evident by reduced free T3 levels and increased
TSH levels, has been exhibited among storks, cocke-
rels, newt Triturus carnifex, turtles, and fish Oreochro-
mis niloticus after chronic stress exposure!”. Results of
this study are suggestive of hyperfunctioning of the
thyroid gland in response to noise stress exposure
which may be prodromal to the findings of hypothy-
roidism in the above-mentioned studies, as chronic
exposure to loud noise stress may ultimately result in
exhaustion and hypo-functioning of thyroid follicles.
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A widely accepted explanation of noise stress-
induced thyroid gland impact is dysregulation of the
hypothalamic-pituitary-thyroid axis, probably because
of altered TSH production’. This altered TSH produc-
tion and sensitivity are further attributed to glucocor-
ticoid-induced variation in the hypothalamic-pituitary-
adrenal axis, upon exposure to chronic stress'”. Among
rats exposed to chronic stress, thyroid dysregulation is
also proposed on behalf of impaired T3 negative feed-
back to TSH, caused by glucocorticoids!’. In addition,
epigenetics might also come into play to dysregulate
thyroid gland functioning, e.g, glucocorticoid-induced
parallel feedback suppression of CRH mRNA and pro-
TRH mRNA in the paraventricular hypothalamic nuc-
leus. Besides, chronic stress may alter thyroid hormo-
nes regulation, production, secretion, and metabolism
by altering the deiodinase activity in the target tissue,
decreasing thyroid binging globulin via transcriptional
modification, altering the lodide uptake pump activity
or affecting the activity of thyroid peroxidases and
lysosomal hydrolases?’.

This study was designed to compare the effect of
different durations of noise exposure on the thyroid
profile in adult rats in relation to combine with hypo-
thalamic-pituitary-thyroid axis review. The results hig-
hlighted the hyperactivity of thyroid follicles in rela-
tion to raised serum TSH levels, upon exposure to loud
noise stress. However, the results were not considerab-
ly different among experimental groups exposed to the
variable duration of loud noise. Future research with
a broader perspective should be conducted for conclu-
sive remarks and better generalization of these find-
ings. Future studies conducted to explore the effect of
noise stress on thyroid glands should also include the
functional profile like thyroid hormones (T3 and T4)
and histopathological analysis.

Further, such experimental studies should be
designed among rodent models with variable duration
and intensity of noise exposure to help comment on
the safety profile with respect to the thyroid gland.

As this study results are supported by the data
from relevant research in experimental models of other
species, standardized observational and experimental
studies should also be conducted among human cohor-
ts exposed to loud noise stress for conclusive remarks.

CONCLUSION

Loud noise exposure can lead to raised serum
thyroid stimulating hormone levels in adult rats.
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