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ABSTRACT: Alzheimer’s disease, a chronic and progressive neurodegenerative disorder with no prevention
and cure, affecting nearly 50 million people worldwide. Glutamate is the principal excitatory neurotransmitter
in the central nervous system involved in 50% of basic brain functions, especially cortical and hippocampal
regions, like memory, cognition, and learning. The glutamate-mediated toxicity is termed as excitotoxicity.
The present study was aimed to determine whether the methanolic and water extracts of root from the
medicinal plant, Withania somnifera, could decrease the glutamate excitotoxicity and its related neuronal cell
loss in a scopolamine-induced animal model of Alzheimer's disease. The rats were randomly divided into
different groups of 5 in each: normal control - treated orally with saline; AD model - injected intra
peritoneally with scopolamine (2 mg/Kg body wt) alone to induce Alzheimer's disease; AD model rats treated
orally with the methanolic extract (AD+ME-WS) (300 mg/Kg body wt), water extract (AD+WE-WS) (300
mg/Kg body wt), and donepezil hydrochloride, a standard control (AD+DZ) (5 mg/Kg body wt) for 30
consecutive days. Increased glutamate (Glu) levels and decreased glutamate dehydrogenase (GDH) activity
were reversed with Withania somnifera root extracts in both the cerebral cortex and hippocampus regions in
scopolamine-induced Alzheimer's disease model rat brain. The histopathological studies of the same treatment
also showed protection against neuronal cell loss in both regions. These results support the idea that these
extracts could be effective for the reduction of brain damage by preventing glutamate excitotoxicity generated

neuronal cell loss in the scopolamine-induced Alzheimer's disease model.

Keywords: Withania somnifera; Scopolamine; Alzheimer’s disease; Glutamate; Excitotoxicity; Neuronal cell

loss.

1. INTRODUCTION

Alzheimer’s disease (AD) is a chronic age-related, irreversible brain disorder characterized clinically
by dementia, an over-time deterioration from early forgetfulness to gradual worsening in language,
orientation, behavior, and late severe loss of memory with some bodily functions until the ultimate death.

Neuropathologically, AD is characterized by the presence of anatomical lesions in the brain due to the
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extracellular amyloid protein amassing as senile plaques, intracellular phosphorylated tau distortion as
neurofibrillary tangles causes synaptic profile depletion and neuronal cell loss [1-3] which leads to personality
change and downfall in the AD patients [4, 5]. During AD progression, beta-amyloid senile plaques become
toxic to neurons by interceding in neuron-to-neuron communication at synapses. While on the other hand, tau
tangles intercept the intraneural transit of essential molecules and nutrients, which causes dysfunctional
axonal transport and neuronal loss [6, 7] in the hippocampus and neocortex, the vulnerable areas used for
memory and cognition in the brain [8, 9].

Glutamate is an excitatory neurotransmitter particularly abundant in the mammalian central nervous
system (CNS) [10], plays an essential role in neural development, excitatory synaptic transmission, and
plasticity [11, 12]. Although normal brain physiology depends on an optimal glutamate level, its low and high
levels trigger neurotoxic or excitotoxic cascades [13, 14] in acute neurological disorders such as stroke [15],
traumatic brain injury [16] as well as chronic neurological disorders including multiple sclerosis, Huntington's
disease, Parkinson's disease and Alzheimer's disease [17]. Glutamate mediated excitotoxicity is a complex
process by glutamate receptor activation that results in the excessive Ca®* influx across the cell membrane
lead to reactive oxygen species (ROS) inducing oxidative stress, degeneration of dendrites, and cell death
[18]. In AD patients, particularly in the hippocampus and cortical regions of the brain, Glutamate
excitotoxicity disrupts glutamatergic neurotransmission, a process linked to decreased neuronal regeneration
and dendritic branching, an important action in learning and memory [19-21]. Hence, the tight regulation of
Glutamate function or disruption of glutamate uptake at the synaptic cleft significantly related to
reduced sensitivity to depression, a symptom of 40% of AD patients which leads to worsening cognitive
decline [22, 23].

Withania somnifera (W. somnifera) frequently known as "Ashwagandha" or "Indian Ginseng" belongs
to Solanaceae, is one of the most esteemed medicinal plants with a long history of wide use in herbal
medicine and indigenous medical systems of India [24, 25]. It is also well known as 'Queen of Ayurveda'
because of its vital use for over 3000 years as an adaptogenic, analgesic, anti-stress, immunomodulatory, and
immunostimulant effects [26, 27]. The therapeutic use of W. somnifera roots in Rasayanas promotes health
and longevity by stimulating defense against disease, seizing the aging process, augmenting the capability of
the individual to resist adverse environmental factors [28, 29]. The various constituents present in W.
somnifera extracts, including leaves, shoots, and roots, are familiar with their anticancer, immunomodulatory
and neuroprotective activities [26, 30]. On the other hand, the phytochemicals present in W. somnifera could
also scavenge free radicals with its antioxidant properties [31, 32].

Although there is long-term research happening in the area of Alzheimer’s targeting the beta-amyloid
(AP) and the cholinergic system, it was failing to generate efficacious treatment for AD. So, the current
research is focusing on the other targets like tau pathology and glutamatergic system in both in vivo and in
vitro to find an effective treatment [33]. On the other hand, increasing therapeutic benefits of plants
attracting the attention of pharmacologists and researchers continuously for biomedical investigations on their
extracts and isolated compounds [27, 34]. In view of that, the present study focused to investigate that
whether the administration of methanolic and water extracts of W. somnifera root has any synergistic
protecting action against scopolamine-induced glutamate excitotoxicity and neuronal cell loss in male Wistar

albino rats.
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2. MATERIALS AND METHODS

2.1. Collection of plant material

W. somnifera, commonly known as Ashwagandha, is an evergreen shrub with colorful berries grows in
the drier sectors of India. The roots of W. somnifera used in the present study was purchased from the
distributor of Ayurveda products, Bangalore, Karnataka, India and authenticated by a botanist from the

Department of Botany, S.V. University, Tirupati, Andhra Pradesh, India.

2.2. Extraction of plant material

The cleaned and dried roots of W. somnifera were ground into a fine powder through a mechanical
grinding machine. The powdered root was suspended in methyl alcohol for a whole day and night at room
temperature with constant stirrings. After 24 hours of suspension, the solvent was filtered by Whatman Grade
1 filter paper. The suspension with the same was repeated until the extract has no color. The residual solvent
collected was undergone through the distillation and concentration processes in the Buchi Rotavapor R-114
yielding a gum-like residue called methanolic extract (ME). The same was repeated with distilled water and
formed residue called as water extract (WE). The residues thus obtained were treated as 100% methanolic

extract (ME) and water extract (WE), refrigerated at 4°C for further use to treat the animals.

2.3. Drugs and chemicals

Scopolamine hydrobromide (Scopolamine), donepezil hydrochloride (Donepezil) were obtained from
Sigma, methanol HPLC grade, paraformaldehyde, hematoxylin-eosin, triethanolamine, perchloric acid,
potassium phosphate, NAD, INT, diaphorase, GDH, sodium glutamate, phosphate buffer, glacial acetic acid,

and toluene were analytical reagent grade.

2.4. Experimental animals and treatment

All experiments were performed with Wistar strain male albino rats having body weights 300-350 g.
The animals were divided into separate groups of 5 animals in each. All the animals had free access to food
and water under controlled temperature (25 + 2°C) and humidity conditioned with 12:12 h light/dark cycle.
The animal study was performed as per the guidelines provided by the Institutional Animal Ethics Committee
of National Institute of Mental Health and Neurosciences (NIMHANS), Bangalore, India (Reg No.
12/GO/ac/99/CPCSEA).

2.5. Experimental design

The rats were randomized into five groups and treated for one month consecutively:
Group 1: Control (Normal Control) - normal saline administered orally
Group 2: AD model (Scopolamine-induced AD model) - Scopolamine injected intraperitoneally (2 mg/Kg
b.w.) and normal saline administered orally
Group 3: AD+ME-WS - Scopolamine injected intraperitoneally (2 mg/Kg b.w.) and methanolic extract of
W. somnifera (300 mg/Kg b.w.) administered orally
Group 4: AD+WE-WS - Scopolamine injected intraperitoneally (2 mg/Kg b.w.) and water extract of
W. somnifera (300 mg/Kg b.w.) administered orally
Group 5: AD+DZ (Standard Control) - Scopolamine injected intraperitoneally (2 mg/Kg b.w.) and Donepezil
hydrochloride (5 mg/Kg b.w.) administered orally.
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All the rats were decapitated after one month of treatment. The brains were quickly removed from the
rats and washed in ice-cold saline. Different regions such as the cerebral cortex (CC) and hippocampus (HC)
were quickly separated from the brains on an ice-cold petri-dish, thoroughly washed with ice-cold saline and

stored at -80°C till further use of glutamate (Glu) and glutamate dehydrogenase (GDH) biochemical assays.

2.6. Glutamate determination

L-glutamate levels were estimated according to Beutler and Michal [35]. The 7% (w/v) homogenates
of CC and HC were prepared using deionized water. The homogenates were cooled and centrifuged after
keeping for 15 min. in a hot water bath at 80°C. The supernatants obtained were decanted and filtered. The pH
of the filtrates was adjusted to 10 with potassium hydroxide. The samples were deproteinized using 1 M
perchloric acid and placed in a refrigerator for 20 min. After deproteinization, each sample was mixed with
triethanolamine (57 mM), potassium phosphate (14 mM, pH 8.6), NAD (0.38 mM), INT (0.068 mM),
diaphorase (0.14 IU/ml) and GDH (14 IU/ml). In the presence of NAD and GDH, L-glutamic acid present in
the sample was oxidatively deaminated to 2-oxoglutarate whereas the iodonitrotetrazolium chloride (INT) was
converted into formazan in the presence of diaphorase and NADH. Thus, resultant formazan color intensity

was read at 492 nm in a spectrophotomer.

2.7. Glutamate dehydrogenase activity

The method of Lee and Lardy [36], as modified by Pramilamma and Swami [37], was followed to
determine the GDH, EC 1.4.1.3 activity. The 4% (w/v) homogenates of CC and HC were prepared with 2.25
M sucrose solution. The homogenates were centrifuged for 15 minutes at 2500 rpm. The supernatants
obtained after centrifugation were used for enzyme assay. The reaction mixture was prepared using 50 pmoles
of substrate (sodium glutamate), 100 pmoles of phosphate buffer (pH 7.4), 2 umoles of INT, 0.1 pumole of
NAD and distilled water. The reaction was started by the addition of crude enzyme extract after half an hour
of incubation of the samples at 37°C. Then the reaction was stopped by the addition of glacial acetic acid. The
formazan formed was extracted overnight in toluene in cold. The color intensity of the formed formazan was

measured at 495 nm against a toluene blank.

2.8. Histopathological studies

The brain regions, CC and HC of different groups were perfusion-fixed with 4% paraformaldehyde in
0.1 M phosphate buffer. The samples were removed and post-fixed in the same fixative for overnight at 48°C.
After post-fixation, the samples were then routinely embedded in paraffin and stained with Hematoxylin-
Eosin. The lesions present in the CC and HC regions of different groups were examined microscopically at

10x magnification [38, 39].
2.9. Statistical analyses

All the parameters were carried out 5 times independently. The values of the measured parameters
were expressed as Mean = SEM. One-way ANOVA followed by Dunnett’s Multiple Range Test (DMRT) has
been employed for statistical analysis in order to determine significance among the different groups. The

results were regarded as statistically significant different at p<0.05.
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3. RESULTS

3.1. Glutamate levels

Glutamate levels in the CC and HC of control and treated rats were represented in graphs (Figure 1 and
2). From these, it was observed that there was a significant increase in glutamate levels of AD models CC
(Figure 1) as well as HC (Figure 2). The elevated glutamate levels were rebound to almost normal with ME
and WE of W. somnifera treatment. Standard controls, treated with Donepezil hydrochloride (DZ), an
Acetylcholine Inhibitor, also showed a decrease in glutamate levels, but it was non-significant both in the CC

and HC regions when compared to W. somnifera treatment.
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Figure 1. Effect of W. somnifera on the levels of glutamate in cerebral cortex (CC) of control and experimental groups of

rats. Values are mean = SEM (n=5), *P<0.05.
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Figure 2. Effect of W. somnifera on the levels of glutamate in hippocampus (HC) of control and experimental groups of

rats. Values are mean = SEM (n=5), *P<0.05.

3.2. GDH activity

The quantitative evaluations of GDH activity were represented in graphs (Figure 3 and 4). From these,
it was concluded that the GDH activity significantly decreased in AD models CC (Figure 3) and HC regions
(Figure 4). The same was significantly increased with ME and WE of W. somnifera treatment. GDH activity
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in CC and HC, treated with ME and WE of W. somnifera was found almost equal to control rats. But the
standard controls, treated with DZ showed no significant changes in their GDH activity in both the regions

when compared to W. somnifera treatment.
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Figure 3. Effect of W. somnifera on the glutamate dehydrogenase activity in cerebral cortex (CC) of control and

experimental groups of rats. Values are mean + SEM (n=5), *P<0.05.
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Figure 4. Effect of W. somnifera on the glutamate dehydrogenase activity in hippocampus (HC) of control and

experimental groups of rats. Values are mean + SEM (n=5), *P<0.05.

3.3. Histopathological studies

The results of present histopathological examinations demonstrated that scopolamine-induced AD
models rat brain regions such as the CC and HC showed significant neuronal cell loss after 30 days of
treatment. At the same time, in the ME and WE of W. somnifera treated animals, the reversal of neuronal cell
loss was observed after 30 days. From Figure 5 and 6, it was visible that the degenerative cells are more

visible in the AD model group when compared with other groups. This was indicated by the gaps in slides.
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Control/CC AD madel/CC AD+ME-WS/CC

AD+WE-WS5/CC

Figure 5. Sections of cerebral cortex (CC) of brain from different experimental groups of rats against scopolamine-
induced AD after 30 days of treatment. These figures are normal control/CC, AD model/CC, AD+ME-WS/CC, AD+WE-

WS/CC and AD+DZ/CC (standard control) respectively, representing neuronal cell loss after treatment.

Control/HC AD model/HC AD+ME-WS/HC

AD+WE-WS/HC AD+DZ/HC

Figure 6. Sections of hippocampus (HC) of brain from different experimental groups of rats against scopolamine-induced

AD after 30 days of treatment. These figures are normal control/HC, AD model/HC, AD+ME-WS/HC, AD+WE-WS/HC

and AD+DZ/HC (standard control) respectively, representing neuronal cell loss after treatment.

4. DISCUSSION

Glutamate is the predominant amino acid that acts as a key intermediate metabolite for all the neurons.

It is involved in many fundamental brain functions and communicating mechanisms responsible for fast
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neuronal communication in the CNS [40, 41]. In normal states, it plays a central role in the development of
the CNS, synaptic plasticity, an essential mechanism of cognition, learning and memory, as well as synapse
induction and elimination, cell migration, differentiation, and death [42]. In an abnormal state, normally
defined as an excitotoxic state, extracellular glutamate, causes neuronal dysfunction and degeneration, a
pathological process for neuronal killing in the mammalian CNS [43, 44]. During excitotoxicity, inactivation
of synaptic glutamate transporters and overactivation of NMDA receptors disrupts synaptic glutamate normal
signaling which impairs long-term potentiation and synaptic plasticity, a major pathway towards
neurodegenerative disorders such as AD [9].

Since, the currently available pharmacological options for AD, only have a limited effect and poor
control over the disease-causing neurons linked with Alzheimer's symptoms and associated complications [7],
research in this area has a vital role. Although many research groups have already explored the potential of
using natural products as neuroprotective agents against AD, the anti-excitotoxic effect of W. somnifera
concerning neuronal cell loss in a rat model of scopolamine-induced AD is not examined. Our present study,
using scopolamine-induced rat as an AD model supported by earlier reports describing scopolamine-induced
animal models could be used as an experimental model for AD [45-47].

The results of the present study indicated a significant increase in glutamate content and a decrease in
GDH activity in both CC and HC regions in the scopolamine-induced AD rat model. The increased glutamate
content in AD models after scopolamine administration was supported in the earlier study of scopolamine-
induced extracellular glutamate elevation in the striatum of freely moving rats [48]. Elevated glutamate levels
in the AD model indicate the inhibition of glutamate receptors and the deficient functioning of glutamate
transporters failing to clear the excess glutamate at the synaptic cleft [49] after scopolamine administration.
This causes many changes in neuronal cells, including impairment of calcium buffering, secondary
excitotoxicity promoting oxidative damage which leads to a rise in the tissue peroxide levels and cell death,
supporting the possibility that abnormal functioning of this system might be involved in the pathogenesis of
AD [39, 50]. Significantly decreased GDH activity with increased Glutamate content in the AD model
suggests that during scopolamine-induced AD, there is a lesser mobilization of glutamate for the synthesis of
a-ketoglutarate which plays a major role in energy metabolism. This condition signifies the failure of the
brain to opt for a protective mechanism to maintain low concentrations of glutamate and related excitotoxicity
causing neuronal death during scopolamine-induced AD. In support of this, earlier studies have reported the
elevated glutamate levels with decreased GDH activity causing excitotoxicity and glutamatergic neuronal
damage in the brains with different neurodegenerative disorders such as AD [51] and epilepsy [52]. In the
recent study, it was also observed that how the deficiency or overexpressed GDH activity could regulate
whole-body energy metabolism and affect the early onset of AD in the brain of mutant mice [53].

The ME and WE of W. somnifera treatment for 30 days reversed the elevated glutamate content in both
the regions of AD models significantly. At the same time, the significant decrease in GDH activity in AD
models also increased significantly after W. somnifera treatment. The donepezil hydrochloride (DZ), an
acetylcholine inhibitor also reversed the glutamate levels and GDH activity insignificantly in both the regions
of the AD model rat brain. The activity of donepezil was also supported by some in vitro studies showing its
neuroprotection against glutamate excitotoxicity [54].

The current results of W. somnifera supported by the earlier studies that Ashwagandha leaves derived
water extract and its active components like Withanolide A pre-treatment could inhibit glutamate-induced

cell-death and can reverse glutamate-induced changes in differentiated neuronal cells [55, 56]. Even pre-
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treatment with aqueous extract of W. somnifera root also protected the differentiated PC12 cells against H>O,
and AB(1-42)-induced cytotoxicity significantly [57]. In the other study, water and alcoholic extracts, as well
as its bioactive components of Ashwagandha leaves, were highly potent against H,O,- and glutamate-induced
oxidative stress and cytotoxicity in both glial and neuronal cells [58]. Despite of all the above, the hot water
extract of Ganoderma lucidum also proved its medicinal value by ameliorating AD symptoms in ABi.4
induced AD models [59].

In the present study, the neuroprotective effect of W. somnifera was confirmed by the histopathological
examination of the brain CC and HC of both control and treated animal models. The control rats showed no
distinctive neuronal changes in both areas. Conversely, the AD model group showed more compressed cells in
both the areas validating the neuronal cell loss with scopolamine-induced AD. The histopathological profile of
the groups treated with ME and WE of W. somnifera showed no visible neuronal changes in both the areas
confirming the safety and protective role of these extracts. Earlier studies confirmed that glutamate
excitotoxicity could cause damage to the neurons present in the cortex, hippocampus, and basal forebrain
regions [39, 51]. On the other hand, in SH-SY 5Y neuroblastoma cells and in mice, it was also confirmed that
scopolamine could cause cytotoxicity to the neurons after its administration [60, 61]. At the same time, it was
reported that how the water extract of Ashwagandha could show prevention against the LPS-induced
neurodegeneration, neuroinflammation in both in vivo and in vitro model systems [62]. Another in vitro study
reported that W. somnifera root extract could also protect the model neurons from traumatic injury caused
neuronal damage [63]. This reversal in neural cell loss suggests that W. somnifera treatment has the potential

to act against glutamate excitotoxicity and its related neuronal damage.

5. CONCLUSION

From these results, it was concluded that the treatment with methanolic and water extracts of
W. somnifera root for 30 days could decrease glutamate excitotoxicity and related neuronal death in
scopolamine-induced AD models by activating the glutamate receptors and transporters to mobilize the excess
glutamate from the cerebral cortex and hippocampus regions. These extracts could also increase the GDH
activity where it forms a-ketoglutarate from glutamate, which will be utilized in energy metabolism to
maintain cellular mitochondrial ATP levels, the main protection towards neuronal cell loss causing by

excitotoxicity.
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