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Histopathological Effects of Chronic White Noise Exposure
on the Brain, Heart, Testis and Intestine of Wistar Albino Rats:
Restorative Potential of Post-exposure Ascorbic Acid
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ABSTRACT

Background: Noise is a common environmental stressor that may induce structural alterations in multiple tissues following chronic
exposure. This study aimed to evaluate the histopathological changes induced by chronic exposure to 70 dB SPL broadband white
noise in the brain, heart, testis and intestine of Wistar albino rats and to investigate the potential restorative effects of post-exposure
ascorbic acid administration.

Methods: Twenty Wistar albino rats aged 8-10 weeks were randomly assigned to control or noise-stress groups. Rats in the
noise-stress group were exposed to 70 dB SPL broadband white noise for 1 h/day for 30 days. After exposure, five animals from
each group were euthanized and brain, heart, testis and intestinal tissues were collected for histopathological examination.
The remaining animals received ascorbic acid in drinking water at 100 mg/kg/day for 30 days, after which the same tissues were
examined histopathologically.

Result: Chronic exposure to white noise resulted in histopathological alterations of varying severity in all examined organs.
Intestinal tissues showed epithelial degeneration, desquamation and inflammatory cell infiltration in the lamina propria. Brain sections
demonstrated gliosis and neuronal degeneration. Testicular tissues showed degeneration and necrosis in some seminiferous
tubules, while hyaline degeneration was observed in the myocardium. Following ascorbic acid administration, lesion severity was

reduced compared with the noise-stress group and overall tissue architecture was better preserved.
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INTRODUCTION

Environmental noise has emerged as one of the most
pervasive environmental pollutants accompanying rapid
urbanization, industrialization and the expansion of
transportation networks worldwide. Beyond its well-
established detrimental effects on the auditory system,
chronic noise exposure is now recognized as an important
environmental stressor capable of inducing widespread
physiological disturbances. Experimental studies in
laboratory animals have demonstrated that prolonged noise
exposure can affect cardiovascular, neurological, endocrine,
metabolic, reproductive and gastrointestinal systems
through complex neuroendocrine, oxidative and inflammatory
pathways. Consequently, environmental noise represents
an important environmental health concern because of its
potential effects on both human and animal health (Spreng,
2000; Demirel et al., 2009; Gannouni et al., 2014; Lasheen
et al., 2015; Baldwin et al., 2006).

Chronic exposure to environmental noise initiates a
cascade of biological events extending beyond the auditory
system and affecting the structural integrity of multiple
organs. Experimental studies in rats and rabbits have
shown that prolonged noise exposure induces tissue injury
through interconnected mechanisms involving neuroendocrine
activation, oxidative imbalance, mitochondrial dysfunction,
inflammatory responses and apoptosis, ultimately leading
to cellular degeneration in susceptible tissues (Demirel
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et al., 2009; Abouee-Mehrizi et al., 2021; Unsaldi and
Kalinbacak, 2025). Histopathological alterations associated
with noise exposure have been reported in several organs,
including the liver, kidney, lung, brain and reproductive
tissues. These changes include neuronal degeneration
and reactive gliosis in the brain, myocardial degeneration
and vascular alterations in the heart, degeneration of
seminiferous tubules and impaired spermatogenesis in
the testis and epithelial injury accompanied by inflammatory
cell infiltration in the intestine. The severity and distribution
of these lesions appear to depend on exposure intensity,
duration and tissue-specific susceptibility (Xue et al.,
2014; Lasheen et al., 2015; Abouee-Mehrizi et al., 2021;

Indian Journal of Animal Research




Histopathological Effects of Chronic White Noise Exposure on the Brain, Heart, Testis and Intestine of Wistar Albino Rats...

Yang et al., 2024). Despite these observations, most available
studies have evaluated individual organs separately and
comprehensive histopathological investigations examining
multiple organ systems within the same experimental
model remain limited.

Therefore, the present study aimed to characterize the
histopathological effects of chronic exposure to 70 dB SPL
broadband white noise in the brain, heart, testis and
intestine of Wistar albino rats. In addition, the study
evaluated the histopathological changes observed
following post-exposure administration of ascorbic acid,
with particular emphasis on the severity and distribution of
tissue lesions across multiple organ systems. By examining
these organs within the same experimental model, this study
sought to provide an integrated assessment of the multi-
organ histopathological effects of chronic white noise
exposure and the potential restorative effects of post-
exposure ascorbic acid administration.

MATERIALS AND METHODS
Ethical approval

The animal experiment from which the tissue specimens
used in the present study were obtained was approved by
the Ankara University Animal Experiments Local Ethics
Committee (Approval No. 2024-10-81). All experimental
procedures were conducted in accordance with institutional
guidelines and internationally accepted principles for the
care and use of laboratory animals.

Animals and housing conditions

At the beginning of the experimental protocol, the animals
were 8-10 weeks old and weighed 250-300 g. The original
experimental study included twenty clinically healthy wistar
albino rats, comprising 10 males and 10 females. Animals
were obtained from the Ankara University Experimental
Animal Research and Application Center, where the
experimental procedures were carried out in 2025.
Following a one-week acclimatization period, the rats
were housed under standard laboratory conditions with
free access to standard laboratory chow and tap water
adlibitum. Environmental conditions were maintained at
22+2°C, 50-60% relative humidity and a 12-h light/12-h
dark cycle. Male and female animals were housed
separately in standard polycarbonate cages. Within each
experimental group, animals were housed in cages
containing either three or two rats. Throughout the study,
the control animals were maintained in a separate quiet
room to prevent unintended exposure to the noise stimulus.
During the 30-day noise-exposure period, animals in the
experimental group had unrestricted access to standard
laboratory chow and drinking water. Following completion
of the noise-exposure period, ascorbic acid was added to
the drinking water of the treatment animals. The amount of
ascorbic acid added to the drinking water was calculated

based on the body weight of each animal to provide a target
dose of 100 mg/kg/day.

Experimental design

Following acclimatization, the animals were randomly
assigned to either a control group (n = 10) or a noise-
stress group (n = 10).

Animals assigned to the noise-stress group were
exposed to 70 dB SPL broadband white noise for 1 h/day
over 30 consecutive days, whereas the control animals
were maintained under identical environmental conditions
without noise exposure.

At the end of the 30-day exposure period, five animals
from each group were euthanized and tissue samples from
the brain, heart, testis and intestine were collected for
histopathological examination.

The remaining animals were maintained for an
additional 30 days, during which ascorbic acid was
administered through drinking water at a dose of 100 mg/
kg/day, calculated according to the body weight of each rat.
Following completion of the treatment period, the
remaining animals were euthanized and tissue samples
from the same organs were collected for histopathological
evaluation.

The present study was conducted using archived
tissue specimens obtained from animals used in a doctoral
thesis approved by the Ankara University Animal
Experiments Local Ethics Committee (Approval No. 2024-
10-81). No additional animals were used and no further
experimental procedures or euthanasia were performed
specifically for the present investigation. The use of these
archived specimens was consistent with the principles of
the 3Rs (Replacement, reduction and refinement).

Noise exposure protocol

Broadband white noise was generated using a timer-
controlled digital white-noise generator connected to a 15-W
loudspeaker positioned adjacent to the experimental
cages. The exposure system was programmed to operate
automatically at the same time each day. Animals assigned
to the noise-stress group were exposed to 70 dB SPL
broadband white noise for 1 h/day over 30 consecutive days.
The sound level was adjusted to 70 dB SPL and verified
before each exposure session using an Extech 407780A
integrated sound level meter (Extech Instruments, China).
During each exposure period, the control animals remained
in a separate quiet room and were not exposed to the noise
stimulus. Throughout the experiment, the control group animals
were housed in a separate and quiet laboratory room away
from the experimental group and the noise-exposure area.

Histopathological examination and evaluation

Immediately after euthanasia, the whole brain, representative
myocardial tissue, representative testicular tissue and a
representative segment of the small intestine were
collected and fixed in 10% neutral buffered formalin for
24-48 h. Following fixation, tissues were washed under
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running tap water, dehydrated through a graded ethanol
series, cleared in xylene and embedded in paraffin
according to routine histological procedures.

Paraffin blocks were sectioned at 4 ym using a rotary
microtome. The sections were mounted on glass slides and
stained with hematoxylin and eosin (H and E) using mayer's
hematoxylin according to standard histological techniques.

Histopathological examination was performed using
a Leica DM2500 light microscope (Leica Microsystems,
Wetzlar, Germany) by a board-certified veterinary pathologist
who was blinded to the experimental groups. Representative
photomicrographs were captured using a digital imaging
system attached to the microscope.

All tissue sections were assessed for general
histopathological alterations, including degenerative,
necrotic, inflammatory, vascular and structural changes.
Lesions were evaluated semi-quantitatively according to
their severity and distribution using a four-grade scoring
system: 0 = no lesion, 1 = mild lesion, 2 = moderate lesion
and 3 = severe lesion.

Histopathological scores were assigned based on the
overall severity of lesions observed in each tissue section
and were used for descriptive comparison of lesion severity
among the experimental groups.

Statistical analysis

Histopathological scores were evaluated descriptively using
the semi-quantitative four-grade scoring system. Because
the primary aim of the study was to characterize the
distribution and severity of histopathological lesions, the
scoring results are presented as descriptive ordinal data.

RESULTS AND DISCUSSION

Histopathological examination revealed no remarkable
lesions in the control animals and the normal tissue
architecture of the intestine, brain, heart and testis was
preserved. In contrast, chronic exposure to 70 dB SPL
broadband white noise induced distinct histopathological
alterations of varying severity in all examined organs.
The observed lesions included epithelial degeneration and
desquamation accompanied by inflammatory cell infiltration
in the intestine, neuronal degeneration and gliosis in the
brain, myocardial hyaline degeneration in the heart and
seminiferous tubular degeneration with necrosis in the testis.
Following post-exposure ascorbic acid administration, the

severity of the lesions appeared to be reduced and overall
tissue architecture was better preserved than in the
untreated noise-exposed animals.

The semi-quantitative histopathological lesion scores
are presented in Table 1.

The semi-quantitative histopathological scores
presented in Table 1 are consistent with the microscopic
observations and demonstrate that chronic white noise
exposure produced organ-dependent lesion severity.
The intestine exhibited the highest lesion score, followed
by the testis, whereas brain and heart tissues showed
moderate changes. No histopathological lesions were
observed in either the control or control + ascorbic acid
groups. Following post-exposure ascorbic acid
administration, lesion scores decreased to mild levels in
all examined organs, supporting the microscopic evidence
that ascorbic acid was associated with reduced lesion
severity and partial preservation of tissue architecture.
The pathological significance of these findings is
discussed separately for each organ below.

In the intestine, chronic white noise exposure resulted
in evident mucosal injury. The main histopathological
findings were degeneration and desquamation of the
lamina epithelialis, accompanied by inflammatory cell
infiltration within the lamina propria. The inflammatory
infiltrate was predominantly composed of mononuclear
cells, with occasional eosinophilic granulocytes (Fig 1).
These findings indicate that chronic noise exposure may
impair intestinal mucosal integrity and induce a local
inflammatory response. Following post-exposure ascorbic
acid administration, epithelial degeneration, desquamation
and inflammatory cell infiltration were less prominent,
suggesting partial preservation of the intestinal mucosa.

The intestinal findings of the present study are
consistent with Baldwin et al. (2006), who reported
morphological alterations in the intestinal mucosa of noise-
exposed rats, including increased eosinophils and mast
cell degranulation in the intestinal villi. The presence of
occasional eosinophilic granulocytes in the lamina propria
in the present study is particularly compatible with their
interpretation that noise-related stress may activate
mucosal immune responses. Similarly, Zhang et al. (2023)
demonstrated that white noise exposure adversely affected
gut microbiota, antioxidant activity and immune-related
gene expression in mice, together with increased lipid

Table 1: Semi-quantitative histopathological lesion scores in the examined organs.

Organ Lesion evaluated Control Noise Control + Noise-stress
stress AA + AA
Intestine Epithelial degeneration, desquamation and inflammatory 0 3 0 1
cell infiltration in the lamina propria
Brain Neuronal degeneration and gliosis 0 2 0 1
Heart Myocardial hyaline degeneration and structural alteration 0 2 0
Testis Seminiferous tubular degeneration and necrosis 0 2-3 0

Scoring scale: 0= No lesion; 1= Mild lesion; 2= Moderate lesion; 3= Severe lesion, AA: Ascorbic acid.
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peroxidation. In this context, the epithelial degeneration
and inflammatory infiltration observed in the present study
support the view that chronic noise exposure may disturb
intestinal homeostasis through stress-related inflammatory
and oxidative mechanisms. However, since the present
study was based on routine H and E histopathology and
did not evaluate mast cells, epithelial barrier proteins,
microbiota, or oxidative stress markers, these mechanisms
should be considered as plausible explanations rather
than directly proven pathways.

Brain sections from the noise-exposed group showed
neuronal degeneration accompanied by gliosis (Fig 2).
Degenerative changes were observed in some neurons,
while the glial reaction indicated a reactive tissue response
to neural injury. These findings suggest that chronic white
noise exposure may affect central nervous system tissue
and induce both neuronal and glial alterations. In the
ascorbic acid-treated animals, neuronal degeneration and
gliosis appeared less evident than in the untreated noise-
exposed group, indicating a milder degree of neural tissue
damage. Similar evidence of stress-related neuronal and
inflammatory histopathological alterations, together with
partial improvement following an intervention, has been
reported in stressed rats (Kranthi et al., 2022).

The cerebral lesions observed in the present study
are consistent with previous experimental studies
indicating that chronic noise exposure can affect the brain
tissue beyond the auditory pathways. Gai et al. (2017)
reported that chronic white noise exposure altered the
corticotropin-releasing factor system in the rat
hippocampus and was associated with Alzheimer’s
disease-like tau hyperphosphorylation. More recently, Ma
et al. (2024) demonstrated that chronic noise exposure
induced Alzheimer’s disease-like neuropathological
changes and cognitive impairment in rats through
ferroptosis-related mechanisms in the hippocampus.
Although the present study did not investigate specific brain
regions or molecular markers such as tau phosphorylation,
amyloid-B accumulation, ferroptosis, or oxidative stress,
the observation of neuronal degeneration and gliosis
supports the concept that repeated noise exposure may
trigger neurodegenerative and reactive glial changes.
An important difference was that several previous studies
used higher noise intensities or focused on molecular
alterations in the hippocampus, whereas the present study
demonstrated detectable histopathological changes after
exposure to 70 dB SPL broadband white noise for 1 hour/
day over 30 days. This suggests that even moderate-
intensity chronic white noise exposure may be sufficient to
produce structural changes in brain tissue, although the
severity and distribution of such lesions may depend on
noise intensity, duration, frequency characteristics and the
brain region examined.

In the heart, myocardial tissue from noise-exposed rats
showed hyaline degeneration (Fig 3). This lesion reflects
degenerative alteration of myocardial fibers and indicates

that chronic white noise exposure may adversely affect
cardiac tissue. After ascorbic acid administration, myocardial
hyaline degeneration appeared less pronounced and the
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H and E; Scale bar = 50 um.

Fig 1: Degeneration and desquamation in the lamina epithelialis
(arrowhead), mononuclear cell infiltrates (asterisk) in the
lamina propria in the intestine.
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Fig 2: Gliosis and degeneration of some neurons in
the brain.
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Fig 3: Hyaline degeneration in the heart (arrows).
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myocardial architecture was better preserved compared with
the untreated noise-exposed group.

The cardiac findings of this study support literature
suggesting that environmental noise can act as a
cardiovascular stress factor. Miinzel et al. (2018) emphasized
that environmental noise can promote cardiovascular injury
through neurohormonal activation, oxidative stress,
inflammation, endothelial dysfunction and vascular
impairment. In an experimental model, Gannouni et al.
(2014) exposed adult rats to 70 dB(A) noise and reported
morphological alterations in the heart, including dilated
veins, endothelial damage, inflammatory reactions,
myocardial disorganization and necrosis, particularly after
longer exposure durations. The myocardial hyaline
degeneration observed in the present study is consistent
with these reports and supports the possibility that chronic
noise exposure may induce degenerative myocardial injury.

However, not all experimental studies have reported
cardiac lesions following noise exposure. Abouee-Mehrizi
et al. (2021) observed that exposure to 85 dB white noise
for 5 consecutive days did not significantly alter heart and
lung tissues in rabbits, although liver and kidney tissues
were affected. This difference does not necessarily
contradict the present findings, because the experimental
conditions were markedly different. Species differences,
exposure duration, daily exposure schedule, type of noise,
tissue susceptibility and the histopathological endpoints
examined may all influence the presence and severity of
cardiac lesions. In particular, the 5-day noise-exposure
model in rabbits used by Abouee-Mehrizi et al. (2021) is
not directly comparable with the 30-day repeated-exposure
protocol used in the present study. Therefore, the present
findings suggest that the myocardial effects of noise
exposure may be strongly dependent on the experimental
model and duration of exposure.

Testicular sections from noise-exposed rats revealed
degeneration and necrosis in some seminiferous tubules,
accompanied by disruption of the normal seminiferous
tubular architecture and degenerative changes affecting
the germinal epithelium (Fig 4). These findings indicate
that the seminiferous epithelium may be vulnerable to
chronic noise-induced stress. Following post-exposure
ascorbic acid administration, seminiferous tubular
degeneration and necrosis appeared milder and the
tubular architecture was relatively better preserved. Edema
and hyperemia were observed in the interstitial space.

The testicular findings of the present study are
consistent with previous reports indicating that chronic
noise stress may impair male reproductive tissue.
Lasheen et al. (2015) reported that chronic noise exposure
caused distortion of seminiferous tubules, loss of normal
spermatogenic epithelial organization, degenerative
changes and increased apoptotic germ cells in rat testes.
Similarly, Swami et al. (2007) reported adverse effects of
chronic noise exposure on testicular histology and
spermatogenesis. The degeneration and necrosis

observed in some seminiferous tubules in the present
study support these previous findings and suggest that
chronic white noise exposure may compromise the
structural integrity of the germinal epithelium. Functional
studies also support this interpretation. Jalali et al. (2012)
reported decreased reproductive organ weights and altered
sperm parameters in rats exposed to noise pollution.
Although the present study did not evaluate sperm count,
sperm motility, testosterone concentration, or fertility
outcomes, the observed seminiferous tubular lesions may
have potential reproductive significance. Therefore,
functional reproductive impairment cannot be directly
concluded from the present data, but the histopathological
findings provide structural evidence that chronic noise
exposure may adversely affect testicular tissue.

The reduction in lesion severity following post-
exposure ascorbic acid administration is biologically
plausible considering the antioxidant and anti-inflammatory
properties of ascorbic acid. Previous experimental studies
in rats have likewise demonstrated an association between
oxidative stress, altered antioxidant defenses and
histopathological tissue degeneration (Lohiya et al., 2017).
In the present study, intestinal epithelial injury and
inflammatory infiltration, neuronal degeneration and
gliosis, myocardial hyaline degeneration and seminiferous
tubular degeneration were all less severe after ascorbic
acid administration. These findings suggest that ascorbic
acid may contribute to partial tissue recovery or preservation
after chronic noise-induced injury.

Previous studies support the protective potential of
antioxidant treatment in noise-related tissue damage.
Loukzadeh et al. (2015) reported that ascorbic acid reduced
noise-induced hearing loss in rats, while Le Prell et al.
(2007) emphasized that oxidative stress is an important
mechanism in noise-induced injury and that antioxidant
strategies may have protective value. In addition, Carr and
Maggini (2017) and Gegotek and Skrzydlewska (2022)
described the free radical scavenging, antioxidant and anti-
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Fig 4: Degeneration and necrosis of seminiferous tubules
in the testis (asterisk).
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inflammatory roles of ascorbic acid. The present findings
extend this concept by suggesting that post-exposure
ascorbic acid administration may be associated with milder
histopathological alterations not only in auditory-related
injury models but also in systemic organs affected by
chronic noise exposure.

An important aspect of the present study is that
ascorbic acid was administered after the completion of the
noise exposure period rather than before or during
exposure. Therefore, the study design is more closely
related to post-exposure tissue recovery than to prophylactic
protection. The milder lesions observed in the ascorbic
acid-treated animals may reflect attenuation of ongoing
oxidative and inflammatory tissue responses after
cessation of noise exposure. Nevertheless, this interpretation
should be made cautiously, because spontaneous
recovery after termination of the noise stimulus may also
have contributed to the improved histological appearance.
The absence of a separate noise-exposed recovery group
without ascorbic acid limits the ability to clearly distinguish
the restorative effect of ascorbic acid from spontaneous
tissue repair.

Overall, the simultaneous occurrence of intestinal,
cerebral, myocardial and testicular lesions indicates that
chronic white noise exposure may act not only as an
auditory stimulus but also as a systemic biological stressor.
This interpretation is consistent with Spreng (2000), who
suggested that noise exposure may activate stress-related
endocrine responses, particularly through cortisol-related
pathways. Demirel et al. (2009) also demonstrated that
noise exposure increased oxidative stress parameters in
rats and suggested that noise-induced oxidative imbalance
may affect not only the ear but also the whole body. Similarly,
Minzel et al. (2018) emphasized that environmental noise
can induce stress responses, oxidative stress, inflammation,
vascular dysfunction and systemic cardiovascular effects.
In the present study, the presence of degenerative and
inflammatory lesions in multiple organs supports the
concept of systemic tissue involvement after repeated noise
exposure. However, since oxidative stress markers,
inflammatory cytokines, apoptotic pathways and stress
hormones were not evaluated, the involvement of these
mechanisms remains inferential.

The present study has some limitations. The sample
size was limited and the histopathological evaluation was
based mainly on routine HandE staining. Biochemical
markers of oxidative stress, inflammatory cytokines,
apoptotic markers, organ-specific functional parameters and
immunohistochemical indicators were not assessed.
In addition, detailed regional evaluation of the brain and
functional reproductive assessment of the testis were not
performed. Since ascorbic acid was administered through
drinking water, individual intake may also have varied
among animals. Furthermore, although both male and
female rats were included in the experimental design, sex-
specific histopathological responses were not evaluated.
Future studies with larger sample sizes, controlled dosing

strategies, biochemical assays, immunohistochemical
markers, organ function tests, sex-specific analysis and a
separate untreated recovery group are needed to clarify
the precise mechanisms involved and to confirm the
restorative role of ascorbic acid.

CONCLUSION

In conclusion, the present study showed that chronic
exposure to 70 dB SPL broadband white noise was
associated with degenerative and inflammatory histopathological
alterations in the intestine, brain, heart and testis of rats.
The milder lesions observed after post-exposure ascorbic
acid administration suggest that ascorbic acid may
contribute to the preservation of tissue architecture after
chronic noise-induced injury. However, further mechanistic
and functional studies are needed to confirm the
pathways involved and to clarify the extent of the
restorative effect.
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