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ABSTRACT

Objectives: Noise is a globally prevalent environmental stressor known to contribute to a range of psychophysiological issues, including auditory 
defects and non-auditory disorders. The brain plays a central role in recognizing, interpreting, and responding to such stressors. The objective of the 
present study was to evaluate the anxiolytic, neuroprotective, and antioxidant effects of Michelia champaca in rats with noise-induced stress.

Methods: Animals were exposed to noise stress (100 dB for 4 h/day) for 1 day and 30 days, after which endogenous free radical levels and antioxidant 
activities were assessed in discrete brain regions.

Results: It demonstrated that noise exposure significantly (p<0.05) elevated free radical production and disrupted antioxidant status across various 
brain regions. Noise exposure also affected membrane bound enzymes. A marked decrease (p<0.05) was observed in the activities of Ca2⁺-ATPase, 
Mg2⁺-ATPase, and Na⁺/K⁺-ATPase. Behavioral assessments showed that noise exposed rats exhibited increased anxiety-like behaviors compared to 
controls. However, treatment with M. champaca (400 mg/kg body weight) effectively (p<0.05) mitigated these effects. The plant extract reduced free 
radical levels, restored antioxidant enzyme activities, and normalized the functions of membrane-bound enzymes, bringing them closer to control 
levels.

Conclusion: The findings suggest that M. champaca possesses potent free radical scavenging and antioxidant properties, likely due to its phytochemical 
constituents. These properties contribute to its therapeutic potential in alleviating biochemical and behavioral abnormalities induced by noise stress.

Keywords: Michelia champaca, Membrane-bound enzymes, Anxiolytic, Free radical scavenging activity, Noise stress.

INTRODUCTION

In modern life, humans are subjected to various forms of stress, among 
which noise is one of the most prevalent. Sources of environmental 
noise include urban traffic, aircraft, industrial machinery, and 
household appliances, all of which contribute significantly to daily 
stress exposure  [1]. Prolonged exposure to environmental noise has 
been associated with a range of physiological disturbances. Both acute 
and chronic noise exposure can lead to the overproduction of free 
radicals such as superoxide anion (O2⁻), hydrogen peroxide (H2O2), and 
hydroxyl radicals (OH•), contributing to oxidative stress overwhelms 
the body’s antioxidant defenses [2,3].

Oxidative stress arises when the generation of reactive oxygen species 
(ROS) surpasses the neutralizing capacity of the body’s endogenous 
antioxidants, including enzymes such as superoxide dismutase 
(SOD), catalase (CAT), and glutathione peroxidase (GSH-Px). These 
oxygen-derived free radicals can damage lipids, proteins, and nucleic 
acids, thereby compromising cellular function and integrity [4,5]. 
The brain is particularly susceptible to oxidative damage due to its 
high oxygen demand, abundant lipid content, and comparatively 
low antioxidant defense, making neural tissue a primary target for 
oxidative injury [6].

Membrane-bound ATPases, such as Na⁺/K⁺-ATPase, Ca2⁺-ATPase, 
and Mg2⁺-ATPase, are lipid-dependent enzymes essential for ion 
transport and the maintenance of electrochemical gradients critical 
for neuronal excitability and function [7]. Among these, Na⁺/K⁺-
ATPase is especially important, as it consumes up to 40–50% of 

the brain’s total ATP to maintain sodium and potassium gradients, 
particularly at nerve endings [8]. Alterations in the activity of this 
enzyme have been observed in numerous neurodegenerative and 
neuropsychiatric disorders, suggesting a link between Na⁺/K⁺-
ATPase dysfunction and impaired neurotransmission [9,10]. Despite 
its significance, the impact of noise-induced oxidative stress on 
membrane ATPase activity in the central nervous system remains 
underexplored.

Over the past three decades, antioxidant-based treatments have 
gained considerable attention for their role in managing complex 
disorders such as atherosclerosis, diabetes, Alzheimer’s disease, 
stroke, and cancer. In this context, natural antioxidants derived from 
medicinal plants have shown promising therapeutic potential [11]. 
One such plant is Michelia champaca L. (Magnoliaceae), commonly 
known as Yellow Champaca. Conventionally used in Indian medicine, 
M. champaca has been employed to treat a wide array of ailments, 
including fever, inflammation, eye disorders, rheumatism, colic, and 
abdominal tumors  [12,13]. Pharmacological studies have highlighted 
its wound healing [14], antimicrobial [15], antidiabetic [16], antitumor, 
anti-inflammatory [17], antioxidant [18], and anti-infective [19] 
properties. However, there is a notable lack of research evaluating the 
neuroprotective and antioxidant efficacy of its methanolic extract in 
animal models of noise-induced stress.

Therefore, the present study was undertaken to investigate the 
neuroprotective effects of M. champaca on noise stress-induced redox 
imbalance, anxiety-like behaviors, and alterations in membrane-bound 
ATPase activity in discrete brain regions of rats.
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METHODS

Chemicals
All the chemicals used in these studies were of analytical grade and 
obtained from Sisco Research Laboratory, Mumbai, India.

Identification and extraction of flower extract
Flowers of M. champaca were collected from Chennai and were 
authenticated by Dr.  D Aravind, Department of Medicinal Botany. 
Voucher specimens have been deposited at the Herbarium of National 
Institute of Siddha, Reg no NIS/MB/94/2013. The collected flowers 
were cleaned, dried under shade at room temperature. Then, the flower 
was ground into a coarse powder with the help of a suitable grinder. 
A  total of 10  g of M. champaca dry flowers were soaked in 100  mL 
(twice, i.e., 2×100 mL) of methanol for 8–10 days at room temperature 
in dark conditions, stirring every 18 h using the sterile rod. The final 
extracts were filtered using a Whatman No 1 filter paper. The filtrate 
was concentrated to dryness under reduced pressure at 40°C using 
a rotary evaporator and stored at 4°C for further use. An oral dose of 
400 mg/kg/b. weight was administered orally in this study.

Experimental design
The experiments were carried out using healthy adult male Wistar 
rats (200–220  g). The study was initiated with a proper approval by 
the Institute’s Animal Ethical Committee (IAEC No: 01/23/2015). 
Animals were divided into six groups consisting of six animals each one 
set of animals were employed for behaviors, DNA fragmentation and 
another set of animals were used for antioxidants (control, acute noise, 
acute noise treated with M. champaca, chronic noise stress, and chronic 
noise stress treated with M. champaca and M. champaca treated control 
400 mg/kg given orally). All the rats used in this study were maintained 
at a constant temperature with a 12 h light: 12 h dark cycle and allowed 
free access to food and water. All groups were handled similarly.

To avoid variations in the results due to circadian rhythm, all the 
experiments were conducted between 8:00 and 10:00 am. After the 
experimental procedure, rats were anesthetized with ketamine/
xylazine (90/50 mg/[kg.b.w]) and tissue samples were collected.

Noise stress induction
Noise stress induction Broadband white noise at 100-dBA intensity 
was produced by a white noise generator, amplified by an amplifier 
connected to a loudspeaker fixed 30 cm above the animal cage. A sound 
level meter was used to measure the intensity of the noise [20]. Noise 
stress group animals and treated animal with noise exposure was 
exposed for 4  h/day for 1  day (acute stress) and 30  days (chronic 
stress). Control rats were kept in the above-described cage during the 
consistent period, without noise stimulation to evade the impact of 
handling-stress on an appraisal of effects due to noise exposure.

Sample collection
The experimental procedure was done between 8 and 10 a.m., to 
avoid circadian rhythm-induced changes. After the experimental 
procedure, animals were deeply anesthetized with ketamine/xylazine 
(90/50 mg/kg.b.w.) and blood was collected from an internal jugular 
vein, serum was separated by centrifugation at 3000 rpm at 4°C for 15 min. 
The brain was immediately removed and washed with ice-cold phosphate 
buffered saline (PBS). The homogenates (10%  w/v) of individual brain 
regions and liver were prepared in a Teflon-glass tissue homogenizer, 
using ice-cold Tris HCl (100 mM, pH 7.4) buffer and ice-cold PBS.

Brain dissection and biochemical determinations
The brain was immediately removed and washed with ice-cold PBS. 
To expose the brain, the tip of curved scissors was inserted into the 
foramen magnum and a single lateral cut was made into the skull, 
extending forward on the left and right side with a bone cutter, the 
dorsal portion of the cranium was peeled off and using blunt forceps, 
the brain was dropped onto the ice-cold glass plate, leaving the 
olfactory bulbs behind. The whole process of removing the brain took 
<2  min. After removing the brain, it was blotted and chilled. Further 

dissection was made on the ice-cold glass plate. The discrete regions 
of the brain (the cerebral cortex, cerebellum, brainstem, striatum, 
hippocampus, and hypothalamus) were dissected according to the 
method by Glowinski and Iverson [21]. The homogenates (10% w/v) of 
individual regions were prepared in a Teflon-glass tissue homogenizer, 
using ice-cold Tris-HCl (100 mmol/L, pH 7.4) buffer (only for SOD) and 
ice-cold PBS, centrifuged separately in the refrigerated centrifuge at 
3,000 g for 15 min.

Stress markers like lipid peroxidation (LPO) were determined as 
described by Ohkawa et al. [22] and protein thiol was estimated as per 
Sedlack and Lindsay [23]. Protein carbonyl (PC) was determined as 
per Levine et al. [24]. Free radicals like nitric oxide (NO) levels were 
measured as total nitrite+ nitrate levels with the use of the Griess 
reagent by the method of Moshage et al. [25] and hydrogen peroxide 
(H2O2) levels were determined as per Pick and Keisari [26]. Biochemical 
determination of enzymatic antioxidants like SOD was estimated 
according to Marklund and Marklund [27] and CAT according to the 
method of Sinha [28]. The activity of GPx was estimated as described 
by Rotruck et al. [29]. Glutathione reductase (GR) that utilizes 
nicotinamide adenine dinucleotide phosphate (NADPH) to convert 
metabolized glutathione (GSSG) to the reduced form was assayed by 
the method of Horn and Burns [30]. Biochemical estimation of non-
enzymatic antioxidants like reduced GSH was estimated by the method 
of Moron et al. [31]. Vitamin C and Vitamin E contents were determined 
according to Omaye et al. [32] and Desai [33].

Determination of membrane bound enzymes
Na+ K+ ATPase by the method of Bloj et al. [34], Ca2+ ATPase by Hjerten 
and Pan [35], and Mg2+ ATPase by the method of Ohnishi et al. [36] 
were determined.

DNA fragmentation assay
Separation of DNA molecules from the extracted samples was 
performed by Borriello et al. [37].

Behavioral analysis
Place preference task/light and dark test
The light/dark box was used to assess the anxiety level of rodents. 
The box was divided into two compartments, 18×15×15 inches (long, 
wide, and high) light compartment with open at the top and 12×15×15 
(long, wide, and high) the dark compartment that was fully enclosed. 
The divider between the two compartments and contained 3×4 inches 
(wide and high) opening at floor level. This allows the animal entries 
between compartments. At the beginning of testing, each animal was 
placed in the center of the light compartment. Behavior subsequently 
was videotaped for 5 min. Behaviors were scored by an observer who 
was blind to the treatment conditions. The measures scored were 
(1) initial latency to enter the dark compartment, (2) time spent in the 
brighter area, and (3) time spent in the dark compartment [38].

Hole-board (HB) test
HB box 60×60×45 with matt painted metallic walls and a plastic 
covered wooden floor which bears four equally spaced holes (3.8 cm 
in diameter) is divided into 36 square (10×10  cm) the HB provokes 
neophobia leading to exploratory and escape behavior and allows the 
estimation of motor activity. Parameters recorded: (i) Frequency of 
rearing (no of times the rat stood on its hindlimbs). (ii) The frequency 
of external ambulation (no of line crossings in peripheral areas close to 
the wall). (iii) Frequency of internal ambulation (no of line crossings in 
the central area). (iv) Frequency and duration of head dipping which 
has been validated as a measure of exploratory activity and anxiety. The 
number of head-dips is assumed to be inversely proportional to the 
anxiety state [39] and frequency and duration of stereotypic behavior 
(grooming and scratching).

Statistical analysis
Data were expressed as the mean ± standard deviation (SD). All the 
data were analyzed with the Statistical Package for the Social Sciences 
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(SPSS) for Windows statistical package (version  20.0, SPSS Institute 
Inc., Cary, North Carolina). The statistical significance among the four 
different groups was analyzed using one-way analysis of variance test 
followed by Tukey’s multiple comparison tests and the significance 
level was fixed at p<0.05.

RESULTS

M. champaca attenuates noise-induced upregulation of free 
radicals and NO level
Increased levels of hydrogen peroxide (H2O2) (Fig. 1) and NO (Fig. 2) 
were observed in discrete brain regions – namely, the prefrontal cortex, 
cerebellum, striatum, hippocampus, and hypothalamus – in both acute 
and chronic noise stress groups. Notably, the chronic stress group 
exhibited a significantly higher concentration of H2O2 and NO (p<0.05) 
compared to the control group. However, treatment with M. champaca in 
the respective stress-exposed groups resulted in a significant reduction 
in these oxidative markers, particularly in the chronic stress condition. 
No significant changes were observed between the control group and 
the acute noise group treated with M. champaca, nor between the 
control and the group treated with M. champaca alone. These results 
indicate that the plant possesses notable free radical scavenging 
activity, as evidenced by its capacity to attenuate oxidative stress in the 
majority of the examined brain regions.

M. champaca on noise-induced elevated stress markers
Increased LPO was observed in discrete brain regions (prefrontal 
cortex, cerebellum, striatum, hippocampus, and hypothalamus) under 
acute stress, and more significantly in the chronic noise stress group, 
when compared to the control and M. champaca-treated control groups. 
This indicates increased LPO irrespective of brain region. However, the 
chronic stress groups treated with M. champaca showed a significant 

(p<0.05) decrease in LPO levels Fig. 3.

A significant decrease (p<0.05) in Fig. 4 protein thiol levels was also 
observed in both acute and chronic noise stress groups, with a more 
pronounced reduction in the chronic stress group compared to the 
control and M.  champaca-treated control groups. In contrast, stress 
groups treated with M. champaca showed a significant increase in 
protein thiol levels.

A significant increase (p<0.05) in Fig. 5 PC content was observed in all 
brain regions, with the chronic stress group showing a more marked 
increase than the acute stress group. Treatment with M. champaca 
significantly reduced PC levels in both acute and chronic stress groups, 
although the values did not return to control levels – except in the 
prefrontal cortex, hippocampus, and hypothalamus of the acute stress 
group treated with M. champaca.

Importantly, the drug-treated control group did not show any deviation 
from the untreated control group in any of the brain regions studied.

M. champaca on noise-induced changes in enzymatic anti-oxidants 
status
Increased levels of the enzymatic antioxidants SOD and GPx were 
observed in the discrete brain regions of the acute noise-stressed group, 
compared to the control and M. champaca-treated control groups. 
However, the chronic stress group showed a more significant increase 
in SOD and GPx levels, indicating an imbalance between oxidants and 
antioxidants in the brain.

In contrast, noise-exposed animals treated with M. champaca showed 
normalized SOD levels in the prefrontal cortex, cerebellum, striatum, 
hypothalamus, and hippocampus. GPx levels in the cerebellum and 
hypothalamus also returned to normal, comparable to both the 
M champaca-treated control and untreated control groups. No variation 
was observed between the control and M. champaca-treated control 
groups in any of the regions studied.

A significant decrease in CAT and GR levels was observed in the discrete 
brain regions of the noise-stressed group, when compared to the control 
and M. champaca-treated groups. However, the acute stress group did 
not show any alteration in CAT activity. Notably, noise-stressed animals 
treated with M. champaca showed a significant increase in GR levels 
in the prefrontal cortex, striatum, and hypothalamus, while levels in 
the cerebellum and hippocampus remained similar to those in both 
M. champaca-treated controls and the untreated control group.

Again, no variation was observed between the control and M. champaca-
treated control groups across any of the regions studied Table 1.

M. champaca on noise-induced changes in non-enzymatic anti-
oxidants status
A significant decrease in non-enzymatic antioxidants such as GSH, 
Vitamin E (Vit-E), and Vitamin C (Vit-C) was observed in the noise-
stressed group compared to the control and M. champaca-treated 
control groups (Table  1). The chronic stress group exhibited a more 
pronounced decrease than the acute stress group.

However, noise-exposed animals treated with M. champaca showed a 
significant increase in GSH levels in the cerebral cortex, hypothalamus, 
striatum, and hippocampus, while levels in the cerebellum remained 
comparable to those of the control and M. champaca-treated control 
groups.

In contrast, animals exposed to chronic noise and treated with 
M. champaca still showed a significant decrease in Vit-E levels across all 
brain regions. Notably, treatment with M. champaca during acute noise 
exposure was able to maintain normal Vit-E levels in regions such as the 
prefrontal cortex and hypothalamus, comparable to both the control 
and M. champaca-treated control groups.

Fig. 2: Effect of Michelia champaca on nitric oxide 
level in rat brain discrete regions after noise exposure 

(100 dB/4 h/day). The symbols represent statistical 
significance: *@#$ <p=0.05.*- Compared with saline control, 

@-compared with acute noise, #-compared with chronic noise. 
$- Acute noise compared with chronic noise

Fig. 1: Effect of Michelia champaca on H2O2 level 
in rat brain discrete regions after noise exposure 

(100 dB/4 h/day). The symbols represent statistical 
significance: *@#$ <p=0.05.*- Compared with saline control, 

@-compared with acute noise, #-compared with chronic noise. 
$- Acute noise compared with chronic noise
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Furthermore, a significant increase in Vit-C levels was observed 
in all brain regions of the noise-exposed animals treated with M. 
champaca, compared to the stressed groups. The M. champaca-
treated control group did not show any deviation from the untreated 
control group.

Effect of noise stress on membrane bound enzymes
The Na⁺/K⁺-ATPase activity levels across the experimental groups are 
summarized and presented in Fig. 6. Animals exposed to both acute and 
chronic noise stress showed a significant decrease in Na⁺/K⁺-ATPase 

Table 1: Effect of M. champaca on noise stress on stress markers in rat brain discrete region after noise exposure (100 dB/4 h/day)

Parameter Regions Control Acute noise Acute noise 
treated with  
M. champaca

Chronic 
noise

Chronic noise 
treated with 
M. champaca

M. champaca 
treated 
control

Superoxide dismutase Prefrontal Cortex 0.61±0.027 0.86±0.010 *$ 0.63±0.014@ 0.33±0.018* 0.58±0.030# 0.63±0.014
Cerebellum 0.76±0.026 0.81±0.008*$ 0.76±0.010@ 0.55±0.018* 0.72±0.028*# 0.76±0.018
Striatum 0.65±0.027 0.73±0.012*$ 0.67±0.014@ 0.47±0.021* 0.63±0.014# 0.65±0.018
Hippocampus 1.52±0.056 1.71±0.010*$ 1.49±0.071@ 1.03±0.029* 1.46±0.032# 1.52±0.052
Hypothalamus 1.23±0.018 1.30±0.014*$ 1.24±0.011@ 1.05±0.022* 1.28±0.030*# 1.23±0.014

Catalase  
(mm H2O2 utilized/ 
mg protein)

Prefrontal Cortex 5.13±0.062 5.10±0.133$ 5.08±0.084 4.34±0.174* 4.83±0.084*# 5.07±0.085
Cerebellum 6.22±0.064 6.25±0.047$ 6.24±0.078 5.36±0.208* 5.84±0.056*# 6.19±0.057
Striatum 5.12±0.066 5.12±0.106$ 5.11±0.081 4.13±0.166* 4.82±0.044*# 5.12±0.066
Hippocampus 6.59±0.148 6.52±0.192$ 6.56±0.278 4.81±0.162* 5.74±0.059*# 6.38±0.060
Hypothalamus 4.53±0.076 4.48±0.100$ 4.48±0.147 3.75±0.151* 4.22±0.055*# 4.53±0.083

Glutathione peroxidase  
(mg GSH utilized/mg 
protein)

Prefrontal Cortex 4.82±0.088 7.74±0.074*$ 5.61±0.064*@ 9.73±0.061* 6.81±0.110*# 4.90±0.060
Cerebellum 4.14±0.063 7.31±0.095*$ 5.39±0.044*@ 9.45±0.103* 6.58±0.081*# 4.15±0.051
Striatum 4.81±0.047 7.21±0.047*$ 5.12±0.047*@ 9.29±0.064* 6.34±0.048*# 4.83±0.058
Hippocampus 4.31±0.122 7.52±0.056*$ 5.19±0.054*@ 9.67±0.072* 5.58±0.062*# 4.32±0.010
Hypothalamus 3.93±0.063 5.76±0.062*$ 4.96±0.046*@ 7.73±0.059* 5.01±0.66*# 3.97±0.063

Glutathione reductase 
(nmol/L of NADPH 
oxidized/minute/mg of 
protein).

Prefrontal Cortex 0.087±0.003 0.073±0.002*$ 0.080±0.001*@ 0.058±0.001* 0.081±0.002*# 0.087±0.003
Cerebellum 0.066±0.001 0.054±0.003*$ 0.062±0.001*@ 0.041±0.002* 0.067±0.002# 0.067±0.001
Striatum 0.069±0.001 0.058±0.003*$ 0.065±0.001@ 0.046±0.002* 0.064±0.004*# 0.069±0.003
Hippocampus 0.070±0.003 0.061±0.002*$ 0.067±0.003@ 0.035±0.003* 0.069±0.002# 0.070±0.004
Hypothalamus 0.091±0.002 0.082±0.002*$ 0.088±0.001 0.047±0.005* 0.083±0.003*# 0.090±0.002

Reduced glutathione  
(mg of GSH/mg of 
protein

Prefrontal Cortex 0.42±0.003 0.32±0.002*$ 0.39±0.003*@ 0.28±0.002* 0.37±0.004*# 0.41±0.005
Cerebellum 0.41±0.003 0.37±0.004*$ 0.40±0.006@ 0.31±0.003* 0.40±0.004# 0.40±0.004
Striatum 0.40±0.005 0.38±0.002*$ 0.39±0.001*@ 0.32±0.003* 0.39±0.002*# 0.41±0.002
Hippocampus 0.31±0.002 0.28±0.002*$ 0.31±0.002@ 0.27±0.001* 0.30±0.002*# 0.31±0.003
Hypothalamus 0.26±0.003 0.23±0.002*$ 0.25±0.002@ 0.21±0.002* 0.24±0.003*# 0.26±0.003

Vitamin‑C 
 (mg/mg of protein).

Prefrontal Cortex 1.75±0.024 1.53±0.045*$ 1.62±0.021*@ 1.20±0.020* 1.67±0.031*# 1.75±0.018
Cerebellum 1.53±0.052 1.37±0.019*$ 1.45±0.025*@ 1.27±0.017* 1.40±0.038*# 1.51±0.051
Striatum 1.74±0.023 1.55±0.035*$ 1.60±0.042*@ 1.28±0.023* 1.48±0.023*# 1.73±0.017
Hippocampus 1.49±0.038 1.21±0.042*$ 1.38±0.028*@ 1.13±0.025* 1.40±0.019*# 1.48±0.036
Hypothalamus 1.58±0.031 1.40±0.043*$ 1.46±0.036*@ 1.32±0.024* 1.46±0.030*# 1.56±0.037

Vitamin‑E  
(mg/mg of protein).

Prefrontal Cortex 4.206±0.034 3.843±0.041*$ 4.136±0.041@ 2.871±0.066* 3.333±0.036*# 4.211±0.052
Cerebellum 4.320±0.024 3.168±0.041*$ 3.420±0.038* 2.406±0.061* 3.888±0.066*# 4.303±0.033
Striatum 4.321±0.026 3.248±0.045*$ 3.565±0.035*@ 2.825±0.034* 3.775±0.036*# 4.211±0.037
Hippocampus 4.386±0.033 4.138±0.042*$ 4.215±0.035* 3.163±0.046* 3.863±0.043*# 4.338±0.037
Hypothalamus 4.220±0.033 4.105±0.030*$ 4.160±0.042 2.835±0.050* 3.660±0.055*# 4.205±0.026

Table 1 effect of M. champaca on noise stress on stress markers in rat brain discrete region after noise exposure. Values are expressed as Mean±SD, n=6. The symbols 
represent statistical significance: *@#$ < p=0.05. *‑ Compared with saline control, @‑ Compared with acute noise, #‑compared with chronic noise. $‑ Acute noise 
compared with chronic noise. M. champaca: Michelia champaca, SD: Standard deviation

Fig. 4: Effect of Michelia champaca on protein thiol level in rat 
brain discrete regions after noise exposure (100 dB/4 h/day). 
The symbols represent statistical significance: *@#$ <p=0.05. 

*- Compared with saline control, @-compared with acute noise, 
#-compared with chronic noise. $- Acute noise compared with 

chronic noise

Fig. 3: Effect of Michelia champaca on lipid peroxidation level in 
rat brain discrete regions after noise exposure (100 dB/4 h/day). 
The symbols represent statistical significance: *@#$ <p=0.05.*-

Compared with saline control, @-compared with acute noise, 
#-compared with chronic noise. $- Acute noise compared with 

chronic noise
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activity compared to control animals, with the chronic stress group 
exhibiting a more pronounced reduction than the acute stress group. In 
contrast, animals treated with M. champaca demonstrated a significant 
increase in Na⁺/K⁺-ATPase activity, indicating a protective effect of the 
treatment.

The Mg2⁺-ATPase activity levels across the experimental groups are 
summarized and presented in Fig.  7. Animals exposed to both acute 
and chronic noise stress showed a significant decrease in Mg2⁺-ATPase 
activity compared to control animals, with the chronic noise group 
showing a more pronounced reduction than the acute stress group. 
However, noise-exposed animals treated with M. champaca exhibited a 
significant increase in Mg2⁺-ATPase activity compared to the untreated 
stressed groups. Notably, M. champaca treatment was able to restore 
Mg2⁺-ATPase activity to levels comparable to the control group, 
suggesting its potential as a therapeutic agent against noise-induced 
stress.

The Ca2⁺-ATPase activity levels in the experimental groups are 
summarized and presented in Fig.  8. Animals exposed to both acute 
and chronic noise stress showed a significant decrease in Ca2⁺-ATPase 
activity compared to control animals. However, the stress groups 
treated with M. champaca demonstrated a significant increase in Ca2⁺-
ATPase activity relative to the noise-exposed groups. M. champaca 
treatment was able to restore the enzyme activity to near-normal 
levels comparable to those of the control group across all brain regions 
studied. Notably, in the acute noise group treated with M. champaca, 
no alterations were observed in any of the membrane-bound enzymes 

evaluated, indicating the effectiveness of the treatment in preserving 
enzymatic function under stress.

Effect of M. Champaca on histopathology of brain discrete regions 
of Wistar Albino rats on exposure to noise stress
Histology of prefrontal cortex
Histological examination of the prefrontal cortex in the noise-stressed 
group revealed a reduction in neuronal cell size and disruption of the 
normal architecture of the cortical layers. In addition, pyknotic and 
darkly stained nuclei were observed, indicating neuronal damage, 
compared to the control and M. champaca-treated control groups. 
However, treatment with M. champaca during noise exposure 
effectively prevented these alterations. The neuronal structure and 
cortical organization in this group remained comparable to those of 
the control and M. champaca-treated alone groups. No morphological 
changes were observed in the neuronal structures of either the control 
or M. champaca-treated alone groups.

Histology of hippocampus
Histological analysis of the hippocampus in the noise-exposed group 
revealed mature granule cells with rounded vesicular nuclei, along 
with the presence of pyknotic nuclei in the dentate gyrus, indicating 
neuronal damage, when compared to the control and M. champaca-
treated control groups. In contrast, animals exposed to noise but 
treated with M. champaca showed no such abnormalities; no cells 
with dark, pyknotic nuclei were observed, and the hippocampal 
architecture closely resembled that of the control and M. champaca-
treated alone groups. No morphological changes were observed in the 
dentate gyrus of either the control or M. champaca-treated control 
groups.

Fig. 6: Effect of noise stress on Na+K+ATPase level. Values are 
expressed as Mean±SD, n=6. The symbols represent statistical 
significance: *@#$ <p=0.05. *- Compared with saline control, 

@-compared with acute noise, #-compared with chronic noise. 
$-Acute noise compared with chronic noise. SD: Standard 

deviation

Fig. 5: Effect of Michelia champaca on protein carbonyl level in 
rat brain discrete regions after noise exposure (100 dB/4 h/day). 

The symbols represent statistical significance: *@#$ <p=0.05. 
*- Compared with saline control, @-compared with acute noise, 
#-compared with chronic noise. $- Acute noise compared with 

chronic noise

Fig. 8: Effect of noise stress on Ca2+ATPase level. Values are 
expressed as Mean±SD, n=6. The symbols represent statistical 
significance: *@#$ <p=0.05. *-Compared with saline control, 

@-compared with acute noise, #-compared with chronic noise. 
$-Acute noise compared with chronic noise. SD: Standard 

deviation

Fig. 7: Effect of noise stress on Mg2+ATPase level. Values are 
expressed as Mean±SD, n=6. The symbols represent statistical 
significance: *@#$ <p=0.05. *-Compared with saline control, 

@-compared with acute noise, #-compared with chronic noise. 
$-Acute noise compared with chronic noise. SD: Standard 

deviation
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Effect of noise stress on DNA fragmentation in brain
Electrophoresis of DNA isolated from the whole brain revealed a marked 
increase in DNA fragmentation in the chronic noise-exposed group, 
indicating significant genomic damage. In contrast, treatment with 
M. champaca during chronic noise exposure reduced the smear pattern, 
suggesting a protective effect against stress-induced DNA damage. No 
DNA fragmentation was observed in the M. champaca-treated control 
group or the untreated control group. These results indicate that 
chronic noise stress has the potential to induce DNA damage across 
the whole brain, whereas acute noise stress did not result in detectable 
DNA fragmentation.

Effect of noise stress on HB test
The data are summarized in Figs.  11 and 12 were expressed with 
Mean±SD. The following parameters were assessed in the HB test head 
dip, fecal bolus, grooming, rearing, scratching, external ambulation, 
internal ambulation, and immobilization.

Number of Head Dips
The number of head dips was lower in the acute noise-stressed group 
compared to the control group, although the difference was not 
statistically significant. In contrast, the chronic noise-stressed group 
showed a significant increase (p<0.05) in head dips compared to 
controls. However, treatment with M. champaca in the chronic noise-
stressed group reduced the number of head dips to levels similar to 
those observed in the control group.

Number of fecal pellets
A significant increase (p<0.05) in the number of fecal pellets was 
observed in the chronic noise-stressed group compared to both the 
control and acute stress groups. This increase was significantly reduced 
in the M. champaca-treated stress groups when compared to their 
respective untreated stress groups.

Grooming, rearing, and scratching behavior
Chronic stress led to a reduction in grooming, rearing, and scratching 
behaviors when compared to the control animals, with statistically 
significant decreases (p<0.05). The acute noise group also showed a 
decrease in these behaviors, though not significantly. Treatment with 
M. champaca in the chronic stress group improved all three behaviors, 
suggesting potential anti-anxiety effects of the extract.

External and internal ambulation
A significant reduction (p<0.05) in external ambulation was observed 
in the chronic stress group compared to controls. Both internal and 
external ambulation activities were significantly lower in the chronic 
group compared to the acute group. Treatment with M. champaca 
significantly (p<0.05) increased both internal and external ambulation 
in the chronic noise-stressed animals, bringing them to levels 
comparable with those of the control group.

Immobilization
The chronic stress group exhibited a significant increase (p<0.05) in 
immobilization time compared to the control group. There were also 
significant differences between the acute and chronic noise-stressed 
groups. Treatment with M. champaca restored immobilization behavior 
to normal levels, comparable to those of the control group.

Effect of noise stress on place preference test
Time spent in brighter areas
Animals exposed to chronic noise stress spent significantly less time 
in the brighter area compared to control animals. When compared to 
the acute noise-stressed group, the chronic stress group also showed a 
significant reduction (p<0.05) in time spent in the bright area. However, 
animals in the chronic noise-stressed group treated with M. champaca 
showed a significant improvement, spending more time in the bright 
area, similar to control levels.

Time spent in darker areas
Chronic noise-stressed animals spent significantly more time in the 
dark area compared to control animals. A  notable difference was 
also observed between the acute and chronic noise-stressed groups. 
Treatment with M. champaca in the chronic stress group significantly 
(p<0.05) reduced the time spent in the dark area. Although animals 
exposed to acute stress spent more time in the dark area compared to 
controls, the difference was not statistically significant.

DISCUSSION

Stress arises in response to situations perceived as threatening 
to an organism and activates two primary physiological systems: 
the sympathetic nervous system and the hypothalamus–pituitary–
adrenal (HPA) axis. Activation of the HPA axis results in the release of 
corticosteroids from the adrenal cortex.

Studies in rats have shown that auditory stimulation causes 
widespread brain activation through the induction of c-fos mRNA. 
These noise-induced excitations are transmitted subcortically through 
the amygdala, a key component of the auditory processing system, 
and subsequently activate the HPA axis. Noise exposure may lead 
to behavioral suppression and cause time-dependent alterations in 
plasma levels of catecholamines, ACTH, and cortisol.

An elevation in corticosterone levels accelerates the generation of 
free radicals [40]. The generation of free radicals is a fundamental 
feature of normal cellular functions. However, excessive generation 
and inadequate removal of free radicals result in destructive and 
irreversible cellular damage [41].

ROS are essential to normal cellular processes, including mitochondrial 
respiration, phagocytosis, arachidonic acid metabolism, ovulation, and 
fertilization. Among ROS, hydroxyl and alkoxy radicals are particularly 
reactive and rapidly interact with macromolecules within cells, 
potentially causing damage. These free radicals damage vital cellular 
components such as DNA, proteins, carbohydrates, and lipids, leading to 
cellular dysfunction and disruption of homeostasis. Proteins damaged 
by ROS or reactive nitrogen species (RNS) undergo structural changes 
and loss of enzymatic activity.

Cell membranes, rich in polyunsaturated fatty acids, are especially 
vulnerable to oxidative degradation, leading to the formation of 
products such as malondialdehyde, which disrupt normal cellular 
function and integrity. Noise exposure increases levels of ROS such 
as superoxide radicals, hydroxyl radicals, and hydrogen peroxide. 
In response, the activity of antioxidants and associated enzymes is 
upregulated to counteract and eliminate the excess ROS [42].

The neuronal biochemical environment is particularly vulnerable to ROS 
due to its high concentration of unsaturated lipids, which are prone to 
peroxidation and oxidative modification. Free radicals target the double 
bonds of these fatty acids, triggering a cascade of reactions that further 
damage adjacent unsaturated fatty acids [43]. The brain consumes 
about 20% of the body’s total oxygen, making it especially susceptible 
to peroxidation. Furthermore, it has relatively low antioxidant defenses 
– only about 10% of those found in the liver.

Various forms of stress have been associated with enhanced free 
radical generation, resulting in oxidative damage. Oxidative stress is 
characterized by reduced levels of antioxidant defense components – 
such as CAT, GSH, and total thiols – or by elevated levels of ROS and RNS 
in the body [44].

Noise is among the most pervasive sources of environmental stress. It 
is well known that an intense stress response results in the generation 
of ROS such as hydrogen peroxide (H2O2), hydroxyl radicals (•OH), 
and superoxide anion radicals (O2•−), which cause LPO – especially 
in membranes – and play a key role in tissue injury. The levels of 
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ROS in tissues are determined by the balance between LPO and the 
effectiveness of the antioxidant defense system [45].

Several studies have shown that exposure to noise frequently leads to 
the generation of free radicals and induces oxidative and nitrosative 
stress in neurons. NO, a highly reactive signaling molecule, plays a 
significant role in the central nervous system. It is a unique messenger 
that serves diverse physiological functions throughout the body. 
A significant increase in both H2O2 and NO levels has been observed in 
discrete brain regions. Demirel et al. (p<0.05) reported increased NO 
generation following 20 days of noise exposure [46]. Elevated NO levels 
are associated with increased nitrosative stress, leading to cellular 
degeneration and necrosis.

In our findings, elevated NO levels were particularly noticeable in the 
hippocampus and hypothalamus, (Fig.  2) suggesting that these areas 
are more affected by chronic noise exposure than other brain regions 
and by acute stress. This aligns with the findings of Lidija et al., who 
reported that increased NO production in functionally connected brain 
regions indicates these areas which are more susceptible to noise-
induced injury [47].

The elevated H2O2 levels observed in the noise-exposed group (Fig. 1) 
indicate that O2•−, when dismutated by SOD, is converted into harmful 
ROS such as H2O2 and hydroxyl radicals. These findings suggest that 
NO and H2O2 levels must be tightly regulated to prevent oxidative and 
nitrosative damage in specific brain regions.

However, in the noise-exposed group treated with M. champaca, there 
was a significant (p<0.05) decrease in both NO and H2O2 levels, likely 
due to the downregulation of their activity. This protective effect is 
attributed to the plant’s phytochemicals [48], which possess strong 
antioxidant properties.

A significant increase in LPO in specific brain regions further 
underscores the damaging effects of noise exposure. This is consistent 
with the findings of Samson et al., [20] who observed that elevated 
LPO products can adversely affect cellular functions, as they may be 
mutagenic and carcinogenic.

A significant inverse correlation was observed between 
malondialdehyde (a marker of LPO) and the levels of Vitamins C and 
E in the noise-exposed groups (Table 1), compared to the control and 
M.  champaca-treated groups. Vitamins C and E work synergistically, 
with Vitamin E acting as a crucial lipid-soluble antioxidant that disrupts 
the chain reactions of LPO. Vitamin C aids in regenerating Vitamin E 
by reducing the α-tocopheroxyl radical back to α-tocopherol, thus 
preventing pro-oxidant effects.

In noise-exposed groups, levels of both Vitamins C and E were reduced, 
correlating with increased LPO. Treatment with M. champaca extract 
significantly lowered LPO levels, (Fig. 3) indicating its strong anti-LPO 
potential. This effect may be due to the bioactive compounds in the plant 
that enhance antioxidant defense mechanisms and disrupt LPO chains.

The GSH-dependent antioxidant pathway is vital for maintaining 
cell survival. GSH facilitates the regeneration of α-tocopherol (active 
Vitamin E) either directly or indirectly by reducing dehydroascorbate 
to ascorbate [49]. Low total thiol concentrations are typically indicative 
of accelerated turnover, a consequence of increased oxidative and 
nitrosative stress. This is consistent with our finding of decreased 
protein thiol levels in the noise-exposed group, which points to the 
depletion of essential thiol groups and a reduction in GSH levels.”

Significant increases in SOD and GPx activities, along with decreased GR 
activity, were observed in specific brain regions in the noise-stressed 
group (Table  1). This suggests increased production of superoxide 
radicals. The coordinated action of enzymatic and non-enzymatic 
antioxidants is essential to maintain redox balance. The increase in SOD 

activity in the noise-exposed group supports the notion of heightened 
free radical production, particularly H2O2.

GPx and CAT detoxify peroxides with GSH serving as an electron 
donor. GR then reduces oxidized glutathione (GSSG) back to its active 
form, GSH, using NADPH as a cofactor. The reduction in GR activity in 
the noise-exposed group further explains the diminished GSH levels 
(Table  1). Literature also supports this, describing GSH as a vital 
thiol-containing tripeptide critical for cellular survival, [50] with its 
dysregulation contributing to the onset and progression of various 
neurodegenerative diseases.

In addition, GSH aids in detoxifying electrophilic compounds and 
peroxides through enzymes such as glutathione-S-transferase (GST) 
and GPx. These findings suggest that elevated SOD, GPx, CAT, and GST 
activities act as part of a compensatory response to oxidative stress, 
showing that the brain is attempting to maintain homeostasis.

Nevertheless, the detrimental effects of noise exposure are evident in 
the depletion of GSH, a critical component of the antioxidant defense 
system. Numerous studies have shown that alterations in antioxidant 
enzyme activities under stress conditions are associated with 
decreased GSH levels and increased LPO, ultimately leading to oxidative 
cell death [51].

Thus, excessive free radical production and disrupted antioxidant 
balance may form a link between environmental/occupational noise 
exposure and the development of multifactorial diseases. However, 
M. champaca extract showed neuroprotective effects by restoring 
antioxidant levels and potentially facilitating the reduction of GSSG 
back to GSH. The observed increase in GSH content may help reduce 
reactive oxygen and nitrogen species (RONS) generation.

The enhanced activity of antioxidant enzymes in response to acute 
noise exposure might represent an adaptive protective mechanism. The 
therapeutic efficacy of M. champaca was evident in the noise-exposed 
group treated with the extract, as it restored antioxidant levels and 
reduced free radicals to near-control levels in specific brain regions.

The Na⁺/K⁺-ATPase catalyzes the hydrolysis of ATP and couples this 
process to the active transport of Na⁺ and K⁺ across the cell membrane, 
thereby establishing and maintaining the transmembrane Na⁺/K⁺ 
gradient. Similarly, Ca²⁺-ATPase facilitates the active transport of Ca²⁺, 
helping to maintain low intracellular calcium concentrations essential 
for cellular homeostasis. Mg²⁺-ATPases are cell surface enzymes that 
hydrolyze intracellular ATP [52].

Na⁺/K⁺-ATPase is a critical enzyme involved in neural excitability, 
metabolic energy production, and the uptake and release of 
catecholamines and serotonin [53,54]. Impairment of Na⁺/K⁺-ATPase 
activity is known to result in neural dysfunction. Several studies have 
shown that the structural properties and lipid composition of the 
synaptosomal membrane are essential for the optimal function of 
this enzyme, and even low concentrations of free radicals can inhibit 
Na⁺/K⁺-ATPase activity in the brain [55].

Increasing evidence suggests that excessive production of free 
radicals in the brain, and the resulting imbalance between oxidative 
species and antioxidant defenses are linked to the pathogenesis of 
neurodegenerative diseases [56]. One of the primary targets of ROS 
is membrane lipids, which undergo peroxidation. LPO not only alters 
the membrane lipid environment and compromises structural integrity 
but also impairs the activity of membrane-bound enzymes such as 
acetylcholinesterase and various ATPases. Inhibition of ATPase activity 
results in neuronal dysfunction due to disrupted cation transport and 
altered neurotransmitter uptake and release.

Excessive LPO can damage the phospholipid bilayer and associated 
proteins, making the membrane leaky. This results in an influx of Na⁺ 
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and water, accompanied by an efflux of K⁺. [57] Previous studies have 
reported that oxidative stress [58] inhibits the activity of Na⁺/K⁺ 
and Mg²⁺-ATPases. The oxidative damage to membrane lipids and 
proteins, particularly the oxidation of thiol groups, [59] may be 
responsible for the inactivation of Na⁺/K⁺-ATPase, which is rich in 
these groups.

In the present study, chronically stressed rats exhibited elevated levels 
of LPO (Fig. 3), increased formation of lipid hydroperoxides and PCs, 
and reduced GSH levels in the brain. These changes indicate oxidative 
modification of proteins likely due to excessive free radical production. 
In contrast, rats treated with M. champaca under stress conditions 
showed restoration of membrane enzyme activity.

GSH, the most abundant non-protein thiol, plays a key role in 
maintaining cellular redox status and serves as a first-line defense 
against oxidative stress in the brain [60]. The reduced levels of GSH 
observed in the chronically stressed group (Table  1) could be due to 
its increased utilization in response to elevated free radical levels and 
LPO. Administration of M. champaca significantly (Fig.  6-8) restored 
the activities of membrane-bound ATPases, suggesting that it helps 
preserve membrane integrity and normal brain function.

The free radical scavenging properties of M. champaca, along with its role 
in maintaining mitochondrial function, may contribute to the enhanced 
activity of ATPases in chronically stressed rats. This effect is likely 
attributable to antioxidant-rich phytochemicals such as Kaempferol is 
one of the key compounds present in the Michelia champaca- has been 
shown to enhance antioxidant activity and reduce lipid peroxidation in 
cell membranes as also observed by lee et al. Ashafaq et al. [62] further 
emphasized the growing relevance of antioxidants in oxidative stress-
related disorders and their potential as therapeutic agents.

Khalid et al. [63] reported that administration of kaempferol 
significantly enhanced membrane-bound ATPase activities in the liver, 
heart, kidney, and erythrocytes of diabetic rats. In our study, decreased 
Na⁺/K⁺, Mg2⁺, and Ca2⁺-ATPase activities in the noise-stressed group 
(Fig. 6-8) suggest altered ionic fluxes that may disturb normal neuronal 
function. However, M. champaca treatment significantly restored these 
enzyme activities, demonstrating protective effects against noise-
induced oxidative stress by inhibiting LPO and protein oxidation, and 
by enhancing endogenous antioxidant defenses in both plasma and 
brain tissues.

These results strongly suggest that the antioxidant and anti-lipid 
peroxidative properties of M. champaca contribute to the improved 
activity of ATPases and the maintenance of ionic equilibrium 
(Na⁺/K⁺, Ca2⁺, and Mg2⁺) in noise-induced oxidative stress. By exerting 
a stabilizing effect, M. champaca appears to protect the brain by 
preserving membrane structure and function.

Effect of noise stress on histological changes in discrete brain 
region
The present histopathological study demonstrates that noise stress 
induces significant cellular changes in the prefrontal cortex and 
hippocampus (Figs. 9 and 10). Hematoxylin and eosin-stained sections 
of these brain regions showed normal histoarchitecture in both the 
control group and the group treated with M. champaca alone.

In contrast, the brains of noise-stressed rats revealed varying 
degrees of structural alteration and less distinct tissue organization. 
Notably, numerous neurons appeared shrunken, pyknotic, and darkly 
stained, with small, irregular nuclei. Degenerated pyramidal cells 
exhibited darkened, shrunken cell bodies, and nuclear abnormalities. 
These changes were more pronounced in the chronic noise stress 
(Figs. 9 and 10) group compared to the acute stress group.

However, treatment with M. champaca extract appeared to prevent 
these histopathological alterations in the prefrontal cortex (Fig. 9) and 

hippocampus (Fig.  10), suggesting a neuroprotective effect against 
noise-induced damage.

Fig. 9: Illustrates H&E-stained neuronal cells of rat’s prefrontal 
cortex in different experimental groups at ×40 magnification. 

(a) Control, (b) acute noise stress alone, (c) acute noise 
stress + Michelia champaca, (d) chronic noise stress, (e) chronic 

noise stress+ M. champaca, and (f) M. champaca treated alone group
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Fig. 10: Illustrates H&E-stained neuronal cells of rats 
Hippocampus in different experimental groups at ×40 

magnification. (a) Control, (b) acute noise stress alone, (c) acute 
noise stress + Michelia champaca, (d) chronic noise stress, 

(e) chronic noise stress+ M. champaca, and (f) M. champaca 
treated alone group
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Our findings are consistent with those reported by Laijun et al. [64], 
who reported that high-frequency steady noise leads to various 
degrees of pathological damage in multiple organs, including the brain, 
liver, spleen, and heart. Similarly, Cook and Wellman [65] noted that 
chronic stress causes cognitive deficits along with neurochemical and 
morphological changes in the cortex. This may be attributed to the 
medial prefrontal cortex being a primary target for glucocorticoids 
released during the stress response.

Alaa Abousetta et al. [66] also observed degenerated pyramidal 
neurons with darkened, shrunken cell bodies, nuclear irregularities, 
and disrupted mitochondrial cristae in noise-exposed animals. These 
degenerative changes may ultimately result in neuronal death, reflected 
by a reduced cell population and the presence of loosely packed 
neurons. Neuronal degeneration and loss following noise exposure are 
likely due to the physiological stress imposed by excessive noise.

Noise levels exceeding 90  dB are recognized as stressors, which 
activates HPA axis [67]. Which in turn elevate cortisol levels that bind 
to glucocorticoid receptors – abundant in the hippocampus – ultimately 
resulting in hippocampal atrophy [68]. In addition, noise stress induces 
excessive production of ROS, contributing to oxidative DNA damage and 
the activation of apoptotic pathways [69].

The observed reduction in cell density and the presence of loosely 
packed neurons following noise exposure may also be due to the 
inhibition of adult neurogenesis. This could result from abnormal 

acoustic input to the brain, either due to overactivity during exposure or 
altered neuronal activity as a consequence of hearing loss. Furthermore, 
steroid release triggered by noise stress may suppress the generation of 
new neurons in the dentate gyrus of the hippocampus [70].

DNA fragmentation
Electrophoresis of DNA isolated from the whole brain revealed a smear 
pattern (Fig.  11), these findings indicate that chronic noise exposure 
has the potential to induce DNA damage. ROS, generated as a result 
of oxidative stress, are known to impair chromatin structure, causing 
both single-  and double-strand DNA fragmentation, which ultimately 
leads to cell death through necrosis or apoptosis. ROS-mediated DNA 
fragmentation is often triggered and amplified by hydroperoxides or 
polyunsaturated fatty acids through LPO.

A reduction in intracellular GSH levels – caused by inhibited cysteine 
transport or suppressed GSH biosynthesis – can also lead to excessive 
ROS accumulation and subsequent cell death in certain mammalian 
cells [71]. This finding aligns with our study, in which oxidative stress 
and increased LPO were observed following noise exposure.

Neurons are particularly susceptible to oxidative stress due to their 
high metabolic demand to support electrical and synaptic activity. 
Therefore, the integrity and efficiency of DNA repair systems 
are critical for neuronal survival and function, especially under 
conditions of increased oxidative stress [72]. The link between 
elevated ROS levels and DNA toxicity is well-established [61]. ROS-
induced DNA damage includes single-strand breaks and inter-/intra-
strand crosslinks [73].

Malondialdehyde (MDA), a byproduct of LPO, is believed to contribute 
to cellular toxicity by forming cross-links between proteins and nucleic 
acids, particularly in the hippocampus following noise exposure [74]. 
Van Campen et al. [75] reported increased levels of 8-hydroxy-2’-
deoxyguanosine (8OHdG) – a biomarker of oxidative DNA damage – in 
the brain and liver (in addition to the cochlea) of rats exposed to loud 
noise (120 dB), supporting the hypothesis that ROS play a key role in 
DNA damage in both central and peripheral organs.

These findings suggest that the link between noise exposure, oxidative 
stress, and DNA damage warrants further investigation, given the 
potential for long-term mutagenic effects [76]. The DNA fragmentation 
observed in the chronically stressed group in our study is consistent 
with findings by Gerardo Barroso et al. [77], who also reported that 
oxidative DNA damage is associated with elevated LPO, reduced 
antioxidant enzyme activity (GPx, GST, and GR), and decreased GSH 
levels.

In contrast, rats exposed to noise but treated with M. champaca showed 
reduced DNA damage, comparable to the control and M. champaca-
alone groups. This suggests that M. champaca supplementation 
can mitigate noise-induced genotoxic effects. Previous studies have 
reported loss of DNA integrity in discrete brain regions of rats following 
exposure to 100 dBA noise for 12  h [78]. Similar ROS-induced DNA 
damage has been documented in the myocardium [79] and adrenal 
glands [80] following loud noise exposure.

Yu-Ling et al. [81] demonstrated that plant-derived phenolic 
compounds – such as phenolic acids, flavonoids, and catechins – are 
effective in scavenging ROS and preventing oxidative DNA damage. 
Recently studies have confirmed that phenolic compounds possess 
significant free radical scavenging capabilities. Groups have the ability 
to protect against free radicals [82] Antioxidants are also recognized for 
their protective effects against degenerative diseases, including cancer, 
by reducing DNA damage [83]. Pool-Zobel et al. [84] reported that an 
antioxidant-rich diet significantly lowered endogenous DNA strand 
breaks in lymphocytes [85]. Multiple observational and interventional 
studies support the role of antioxidant vitamins in decreasing DNA 
damage and cancer risk [86].

Fig. 12: Effect of noise stress on hole board test. Values are 
expressed as Mean±SD, n=6. The symbols represent statistical 
significance: *@#$ <p=0.05. *-Compared with saline control, 

@-compared with acute noise, #-compared with chronic noise. 
$-Acute noise compared with chronic noise. SD: Standard 

deviation

Fig. 11: Effect of Michelia champaca on DNA fragmentation in 
whole brain of noise-exposed adult Wister rats. L1-1KBLadder, 

L2-Control, L3-Acute noise, L4-Acute noise treated with 
M. champaca L5-Chronic noise, L6-Chronic noise treated with 

M. champaca, and L7- M. champaca alone



62

Asian J Pharm Clin Res, Vol 18, Issue 8, 2025, 53-65
	 Malathi et al.

Hofer et al. [87] highlighted the protective potential of curcumin – 
a non-toxic, antioxidant-rich compound – alongside plant extracts 
from lotus, onion, Trapa, and sunflower, all of which showed strong 
protective effects against DNA damage.

Flavonoids, in particular, have demonstrated the ability to protect 
DNA from oxidative damage. These compounds enhance the activity of 
antioxidant enzymes such as CAT, GSH, SOD, GSH, and GPX and while 
simultaneously downregulating the expression of apoptotic proteins 
[88,89] Abdallah M. Kanakis et al. [90,91] proposed that flavonoids 
such as kaempferol, delphinidin, and quercetin form complexes with 
DNA, shielding it from ROS-induced damage. These interactions have 
been studied using FTIR and UV-visible spectroscopy. Other flavonoids 
such as hesperidin and naringenin have shown stabilizing effects on 
DNA in various in vitro models [92,93].

Tawani and Kumar [94] reported that quercetin can stabilize 
G-quadruplex structures in telomerase sequences, offering potential 
anticancer benefits. Seufi et al. [95] demonstrated the chemoprotective 
effects of quercetin in preventing DNA mutations in a hepatocellular 
carcinoma model. Additional studies showed quercetin protects against 
H2O2-induced DNA damage in Caco-2 and Hep G2 cells [96], as well as 
against pulmonary and benzo[a]pyrene-induced DNA damage in mice by 
inhibiting cytochrome P4501A1 [97]. In PC12 neuronal cells, quercetin 
inhibited both ROS production and DNA strand breaks [98]. Srivastava 
et al. [99] also noted quercetin’s role in tumor suppression through cell 
cycle arrest and mitochondrial pathway-mediated apoptosis.

Flavonoids may also modulate DNA repair mechanisms, enhancing 
their protective role against various DNA-damaging agents. In some 
instances, DNA fragmentation may be a reversible process if cellular 
viability is maintained and repair pathways are activated [100].

In our study, treatment with M. champaca in noise-exposed rats 
mitigated DNA fragmentation. This protective effect is likely due to its 
bioactive compounds – particularly phenols and flavonoids such as 
quercetin and kaempferol – which appear to play a significant role in 
counteracting noise stress-induced DNA damage.

Effect of noise stress on anxiety level
The Light and Dark (L&D) test is a widely used animal model for 
screening anxiolytic or anxiogenic drugs [101], leveraging the animal’s 
natural preference for dark environments. This paradigm is based on 
the innate aversion of rats to brightly lit spaces. Anxiolytic compounds 
reduce this aversion, [102] resulting in increased time spent in the light 
compartment and a greater number of transitions between the two 
compartments, thereby indicating the anxiolytic potential of a tested 
substance [103].

In the present study, rats subjected to chronic noise stress exhibited 
increased time spent in the dark compartment compared to the brightly 
lit one (Fig. 13a and b), suggesting that noise exposure induces anxiety-

like behavior. However, animals exposed to noise but treated with M. 
champaca extract showed a restoration of this behavioral alteration, 
with a significant increase in time spent in the light compartment, 
similar to that of the control group.

Kuloglu et al. [104] emphasized that patients with anxiety disorders 
exhibit higher activity of antioxidant enzymes such as SOD and GPx, 
along with elevated LPO, suggesting that oxidative metabolism may play 
a role in the regulation of anxiety. Similarly, Souza et al. [105] reported 
that increased protein oxidation in the frontal cortex induces anxiety-
like behavior in place preference tests, without affecting locomotor 
activity. Desrumaux et al. [106] also demonstrated that Vitamin E 
deficiency in the brain leads to oxidative stress and anxiogenic behavior, 
without impairing locomotion in mice.

Our findings are consistent with these reports. Chronic noise-exposed 
animals showed a significant increase in SOD, GPx, and LPO levels, 
accompanied by a reduction in Vitamin E and Vitamin C levels across all 
brain regions studied. These animals also exhibited decreased overall 
mobility and ambulation, indicative of heightened anxiety. Treatment 
with M. champaca effectively reversed these changes, supporting the 
anxiolytic potential of the extract.

The anxiolytic-like effects of M. champaca were further validated using 
the HB test. This test has recently gained popularity as a reliable model 
of anxiety and offers a simple method to assess the behavioral response 
of rodents to a novel environment [107]. Head-dipping behavior in the 
HB test is particularly sensitive to changes in the animal’s emotional 
state [108]. In the present study, M. champaca treatment significantly 
(Fig.  12) improved behavioral parameters such as fecal bolus count, 
immobilization time, rearing, grooming, ambulation, and head dips. 
These improvements further reflect the anxiolytic efficacy of the 
extract, in agreement with previous findings [109].

CONCLUSION

The results indicate that chronic noise stress induces oxidative damage 
in the rat brain. However, treatment with the methanolic extract of 
M. champaca effectively restored the activity and levels of antioxidant 
defense mechanisms in the brain under noise stress. Notably, the 
M. champaca-treated group showed protection against cortical neuronal 
alterations typically observed under noise exposure. Furthermore, rats 
in the M. champaca-treated group did not exhibit anxiety-like behaviors 
despite being subjected to noise stress.

This protective effect is likely attributable to the presence of bioactive 
compounds in M. champaca with anxiolytic properties and a strong 
ability to enhance antioxidant status in stressed animals. These findings 
suggest that the adaptogenic effects of M. champaca are primarily 
mediated through its antioxidant activity. Based on these findings, 
the present study suggests that supplementation with M. champaca 
may be beneficial in managing oxidative stress, anxiety disorders, and 

Fig. 13: (a and b) Effect of noise stress on place preference test. Values are expressed as Mean±SD, n=6. The symbols represent statistical 
significance: *@#$ <p=0.05. *-Compared with saline control, @-compared with acute noise, and #-compared with chronic noise. $-Acute 

noise compared with chronic noise. SD: Standard deviation
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neurodegeneration associated with environmental stressors such as 
noise. It can thus be considered a potential neuroprotective agent for 
preventing noise-induced cognitive impairments in everyday life.
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