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Neuroprotective role of Glycyrrhiza glabra on chronic noise induced changes in
Hippocampal morphology and its functions in wistar albino rats
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Abstract
Background: Noise has become inexorable stress due to the increase in urbanization, automobile usage, and
lifestyle modification.Aim: The study aims to investigate the effect of chronic noise stress on hippocampal
morphology and the neuroprotective effect of Glycyrrhiza glabra (GG) on stress-induced male Wistar albino
rats. Methods: Adult albino rats were randomly divided into four groups. Each group contained six animals. Rats
exposed to chronic noise stress (100 dB/4 h – 30Days), Noise + GG (150 mg/kg Bw/Oral), and GG alone were
compared with control animal and assessed for behaviour using the hole-board test, marble burying test, the
morphology of hippocampus by histology, DNA fragmentation and assessed the Phytochemical constitutes in GG.
Results: The rats exposed to chronic noise stress showed significance (p<0.05) of behavioral alterations such as
increased fear and anxiety, obsessive-compulsive behaviour, enlarged lateral ventricle, and reduced hippocampal
volume. Conclusion: The results reported that chronic noise stress affects the neurobehavioral due to reduced
hippocampal volume.
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medicine, several medicinal plants in traditional
medicine, like Glycyrrhiza glabraL. (GG), has been
used to cure and prevent neuronal diseases. Plants are
rich in a variety of compounds. In ayurvedic traditional
system of medicine, Glycyrrhiza glabra (GG) (family:
Leguminosae) is used as the
anti-inflammatory,
antiulcer, expectorant, antimicrobial and anxiolytic(6),
(7)but lack of studies about neuroprotective effect of
GG on stress-induced hippocampal dysfunctions. From
this, it was planned to study the effect of chronic noise
on hippocampal functions in a noise-induced animal
model and to underpinning the role Glycyrrhiza glabra
on stress induced hippocampal damage in wistar albino
rats.

Introduction

All living creatures depend on their
environments for energy and materials that help in
sustaining life. Although the environment sustains
human life, it can also cause diseases(1). The health
impacts caused by excessive environmental noise are a
growing concern. Noise exposure has been linked to a
variety of health effects, including hearing loss,
cardiovascular damage, cognitive impairment, and sleep
disturbance and annoyance(2). Enormous studies have
shown that noise above 90dB increases the stress
hormones and can cause significant impact on human
health. The brain is the target organ for
corticosteroids(3) and the hippocampus is vulnerable to
a number of insults and is prone to excitotoxic
activity(4). Receptors for glucocorticoids are found in
the hippocampus, amygdala and frontal cortex, these
three brain regions are involved in-memory processing,
and emotional regulation(3), (5).In the absence of
effective neuro-protective
drugs
in
modern

Materials and Methods

Animals
Experimental animals were all healthy and
weighed about 140–180 g. The animals were reared in
the Animal House of the Institute, University of
Madras, Taramani, Chennai, India, and all the animals
were maintained under standard laboratory conditions
housed at 3 per cage (29 cm×22 cm×14 cm) and
constant ambient temperature with 12-h dark
photoperiod; the rats were allowed free access to food
and water. Appropriate ethical clearance was obtained
for this work from the Institutional Animal Ethical
Committee (IAEC no. 02/06/2019 dated 12/03/2019)
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prior to the experiments. Animals were divided into four
groups, with six animals in each group.
• Group I – Control
• Group II - Chronic Noise stress (100dBA- 4 Hours /
30 Days)
• Group III – Chronic Noise Stress + GG (150 mg/Kg
BW Oral)
• Group IV – GG alone (150 mg/Kg BW Oral)

animals kept in centre area of the box for 10 min. After
the trial, animals were kept for 10 minutes and measure
the number of head dipping in to the four holes. (13).
Histology
The rats were sacrificed by cervical dislocation. After
sacrifice, the brain was rapidly removed, and the
hippocampus were dissected on an ice-cold plate and
the weight of the discrete region of the brain was
measured. Another set of rats were subjected to
transcardiac perfusion and fixed in 10% neutral
formalin for 48 h solution followed by dehydration in
ascending grades of alcohol, cleared and then embedded
in paraffin wax. Paraffin block 5 µm thick coronal
sections were obtained using a rotary microtome, and
mounted on slides, followed by Hematoxylon and Eosin
and Congo red staining(14). Photomicrographs were
obtained using a Nikon Camera (Japan).

Noise Stress Induction
When noise exposure exceeds 100dBA, noise
becomes a stressor. Noise was produced by two
loudspeakers (15W), driven by a white-noise generator
(0-26kHz), and installed 30-cm above the cage. Animal
were then exposed for 100 dBA/ 4 hours per day for 30
days(8).
Preparation and Administration of Ethanolic Root
Extract of GG
GG was purchased from National Institute of
Siddha, Chennai. Dried roots wereground and about 50
g of dried root of GG powder was packed in thimble
flask and 550ml ofethanol (70%) was added in 1000 ml
round bottom flask. Then the soxhlet apparatus was set
up to complete 10 to 15 cycles. After that the root
extract was filtered and filtrate was concentrated up to
50 ml using water bath at 600C. The concentrated
extract was taken in evaporating dish (Borosilicate
glass) which is previously weighed. Then the extract
was evaporated till the thick liquor obtained after that it
was dried. The yield of GG ethanolic extract was 12.15
% (w/w) and stored in the freezer. Before the oral
administration of extracted drug to animals it was
dissolved in saline. Based on the animal weight 150 mg/
kg was administered orally.

DNA Fragmentation Assay
The isolation of DNA from animal tissue was
done according to the method of Iwasa et al., (1996).
The hippocampal tissue was homogenized in TE buffer
and suspension was treated with lysis buffer and kept in
a water bath for 12 hours at 370C. DNA was extracted
twice with equal volume of a Phenol:Choloroform:
Isoamylalcohol. To the aqueous phase 1/10 volume of
3M sodium acetate was added and DNA was receipted
with 0.7 volume of chilled isopropanol. Following a
70% ethanol, the precipitated DNA was resuspended in
50 µl of TE buffer. DNA samples were electrophoresed
in 0.8% agarose gel containing ethidium bromide and
the gel was examined under UV light and
documented(15).
Statistical Analysis
Data are expressed as Mean ± Standard
deviation (SD). Statistical significance between
different groups was determined by one way-Analysis
of Variance (ANOVA). The results are shown by using
Graph Pad Prism software (Version 9). Tukey’s multiple
comparison test was done. The significance level was
fixed at p<0.05.

Quantitative analysis on phytochemical constituents
The extracts obtained were subjected to
qualitative chemical tests to detect the presence of
various chemical constituents. Major secondary
metabolites classes such as flavonoids(9),
phenolics(10), and Carotenoid(11)was measured.
Behavioral analysis
Marble Burying Test
Marble burying test is used to assess the
Obsessive Compulsive behaviour and is done using
polycarbonate rat cages (26 cm×48 cm×20 cm) with
bedding material to a depth of 5 cm and placed standard
glass toy marbles (assorted styles and colours, 15 mm
diameter, 5.2 g in weight) gently on the surface of the
bedding in 5 rows of 4 marbles. Rats were placed into a
corner of the cage containing marbles and remained for
30 minutes and measured the number of marbles buried
in bedding materials (12).

Results and Discussion

One gram of ethanolic extract contains 3.417
µg of phenolic compounds, 428±38 µg of Flavonoids,
and 208±16 µg of Carotenoid. Husain et al., 2015 also
reported that, phytochemical screening of the ethanolic
extract of Glycyrrhiza glabra root revealed the presence
of alkaloids, glycosides, carbohydrates, starches,
phenolic compounds, flavonoids, proteins, pectin,
mucilage, saponins, lipids, tannins, sterols and
steroid(16).Chronic stress shown reduction of the whole
brain (Figure 1) and Hippocampal weight (Figure 2) of
the animals when compared to the control animals and
Noise + GG shown statistically increased whole brain
weight and hippocampal weight when compared to the
chronic noise group animals.Whole brain weight and
hippocampal weight was reduced in chronic noise
induced animals. Brain cells are at particular risk of
being damaged by free radicals because the brain has a

Hole Board Test
The hole board test is used to assess the fear
and anxiety of an animals. The apparatus consists of
wooden box (68 cm X 68 cm) and the walls were raised
(28 cm) from the ground and in centre of the box
contained four holes (4 cm in DM). In habituation,
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high oxygen turnover and neuronal membranes in
central nervous system (CNS) are rich in
polyunsaturated fatty acids, which are the potential
targets for lipid peroxidation. An imbalance of the
equilibrium between free radical generation and various
antioxidant defense systems may lead to the
accumulation of free radicals causing neuronal cell
death(17). GG treated groups showed increased whole
brain weight and hippocampal weight in noise stress
animals. This may be due to anti-inflammatory activity
that might have improved the hippocampal CA3
neuronal dendritic arborization by GG root treatment
(150mg/kg BW) and this was further confirmed by(18).
The numbers of marbles buried (Figure 3) in
the case of animals exposed to chronic noise were
significantly greater when compared to the control
animals and significantly reduced in noise + GG when
compared to the stress group. Number of head dipping
(Figure 4) reduced in chronic stress animals when
compared to the control animals and increased in noise
+ GG. Reduction of hippocampal volume causes
behavioral changes such as obsessive compulsive and
increased fear and anxiety in animals.The hippocampus
has lately been determined to play a vital role in the
pathology of adult obsessive-compulsive disorder
(OCD)(19)and also Atamaca et al reported that
hippocampus, basolateral amygdala and anterior
cingulate interrelated together which may have role in
the pathology of OCD and reduction of hippocampal
volume to 12% in AD patients(20). Ambawade et al.,
2001 also reported that hydroalcoholic extract of GG
exhibited potent anxiolytic activity(21). The bioactive
compound of GG is ISL, a flavonoid chalcone, easily
passes through the blood brain barrier which suggesting
that liquiritigenin attenuates anxiety-like behavior and
discovered to have neuroprotective effects(22).
In histological studies, sections obtained from
brain of chronic noise stress animals exhibited shrinking
and enlargement of lateral ventricle when compared to
the control brain (Figure 5). Congo red staining
methods are helpful for histological identification of
pathological deposits. In the control specimens, the
brain neurons were stained by hematoxylin and absence
of the congo red and in case of chronic stress exposed
specimens, they were reddish –pink colored cell body,
neurofibrillary tangles and neuropil threads were more
readily apparent (Figure 6). Sharifabad et al 2008 also
suggested that chronic noise exposure significantly
reduced the hippocampal volume in all the layers of
dentate gyrus and CA regions(23). The hippocampal
cells express the glucocorticoid receptors (GRs), they
are the principal target sites for glucocorticoids which
are the adrenocortical hormones secreted during
stress(24). Activation of GC receptors leads to the
overproduction of ROS(25), increases oxidative damage
to the protein due to the
inhibiting activities of
mitochondrial complex I and antioxidant enzyme
SOD(26).
Conrad reported that chronic stress or
prolonged exposure to glucocorticoids can compromise
the hippocampus by producing dendritic retraction, a
reversible form of plasticity that includes dendritic
restructuring without irreversible cell death(27).In

congo red staining, Presence of Aß might be because of
chronic noise exposure that lead to Aβ accumulation
and would have induced a pro-inflammatory response
that includes TNF-α and RAGE overexpression in the
hippocampus(28). BACE1 is the rate-limiting enzyme
for Aβ production. GG and its bioactive components
contains specific BACE1 inhibitor and so has the ability
to cross the blood–brain barrier(29), (30) Amyloid
deposits were present throughout the hippocampus in
stress animals.
In DNA fragmentation chronic noise shown
increased DNA fragments when compared to noise +
GG and GG alone groups (Fig 7). Noise exposure has
been reported to increase ROS(31). The persistence of
ROS mediated DNA alterations might lead to serious
and long lasting consequences, as suggested by the
association between the persistence of ROS mediated
DNA alterations and mutagenic events(32). DNA
damage might be interpreted as the output of the
clastogenic effect of oxiradicals(33). The involvement
of ROS might play a causal role in the induction and
persistence of genetic damage related to loud noise
exposure also in extra-auditory organs(34). Treatment
with GG did not alter the DNA integrity. Study
demonstrated that pretreatment with vitamin C and
vitamin E prevented the alcohol induced DNA strand
break. From this view, GG contains enormous amount
of antioxidants and enhanced the vitamin C and vitamin
E level which may be prevent the DNA degradation in
noise stress treated with GG(35).

Conclusion

Noise beyond the bearable limit would make us
feel upset and even get frustrated. When sound exceeds
90dB, it leads to deterioration of the health of an
individual. The term “Noise stress” is a highly prevalent
concept in the challenging and highly-demanding
fashionable society currently. In conclusion, our results
confirmed that chronic noise stress led to a negative
impact on the hippocampus and its functions in albino
r a t s a n d G l y c y r rh i z a g l a b r a h a s a p o t e n t
neuroprotective effect on stress induced hippocampal
damage.
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