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ABSTRACT

Background: Alzheimer’s disease is a one of the prominent cause of senile dementia in the aged
people, resulting in mental health deterioration in more than 44 millions of people worldwide.
A great majority of currently available medication for neurodegenerative disorders like AD
are synthetic in origin and the most of them cause severe side effects. In Ayurveda, an Indian
traditional medicinal system, natural products of plant origin has used in since time immorial
for treatment of neurodegenerative disorders with the minimum side effects. Asparagus
racemosus a household plant is one of them known to possess various biological properties
such as antioxidant, anti-apoptotic, adaptogen and Ayuvedic practitioners for neuronal disorders
have used for it traditionally. In previous published study from this laboratory, we have shown
the nootropic properties of methanolic root extract of Asparagus racemosus using behavioural
paradigm. Asparagus racemosus have phytoestrogenic properties with mild estrogenic activities.
Estrogen has been reported as potent neuroprotective in various in vivo and clinical studies.
In this consequence, the aim of this study was to examine neurorprotective effects of Asparagus
racemosus root extraction hippocampal neurons in scopolamine induced Alzheimer's type
dementia in mice. Materials and Methods: The roots of Asparagus racemosus were powdered
and extracted in Soxhlet apparatus. The dose of methanolic extract of AR was evaluated for its
neuroprotective efficacy against scopolamine induced amnesia in mice. Results and Conclusion:
The results of histopathological evaluation showed that methanolic root extract of Asparagus
racemosus attenuated the neuronal death in hippocampal CA1, CA3 and DG region induced by
scopolamine. These findings indicate that phytoestrogen may serve as potential preventive and
therapeutic agent for neurodegenerative disorders.
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INTRODUCTION

Alzheimer’s disease (AD) is a slowly progressive neu-
rodegenerative disease and the most common form of
dementia with memory dysfunction. AD refers to a
clinical syndrome with complex pathological mechanism,
resulting in memory loss and cognitive dysfunction
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due to progressive neurodegenration.l'! The number of
person affected by dementia worldwide is estimated
46.8 million and this number reached to be near to
50 million in 2019 in which AD represents 60-80%.
The pathology of AD is associated with the presence
of various neurotoxic protein assemblies, such as
amyloid B (AB) plaques, development of neurofibrillary
tangle (NFT), tau protein, alpha- synuclein, TDP-43
results in induced synaptic dysfunction and network
dysfunction.’! The behavior is an unique feature of
integrated circuit with unique anatomies which related
to neurotransmission and produce different behavioral
phenotypes.! In AD, cognitive impairment, selective
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loss of cholinergic neurons in hippocampus, and
neuronal loss of distinct area of forebrain that results
in slowly deterioration inmemory functions.’*! The
sleep disorder is commonly reported in AD and affects
lives of both the patients and the caregiver.” Poor sleep
increases levels of the tau protein in human cerebro
spinal fluid(CSF) and accelerates the spread of tau
protein in neural circuits.®! The current medications
for AD treatment are symptomatic agents that purpose
to improve cognitive and behavioral manifestation
without altering the cause of the disease.”’ Though most
of them prevent or delay the onset or slow the
progression of disease.l'”! Acetyl cholinesterase inhibitors,
which increase the cholinergic transmission by increasing
the availability of acetylcholine in cholinergic synapses!'!
such as Tacrine, Rivastigmine, Donepezil are used for
symptomatic treatment, but these drugs do not slow
the progression of disease and are associated with vari-
ous adverse effects.'? Besides these, current treatment
strategies in neurological drug development programs
focus on anti-inflammatory drugs,® antioxidants,
calcium channel blockers.'*%) Moreover, all these
drugs have limited efficacy for a limited period with
their adverse side-effects.'*®! Currently no effective and
satisfactory pharmacological treatment is available for
AD. Therefore, in the recent years, research concerning
towards searching safe and effective is currently on
medicine. In past few decades, several Ayurvedic medi-
cine have been studied for their potential neuropro-
tective effects and their multi component nature.!'*?
Asparagus racemosus (AR), also called ‘Shatavari’ a native
plant of the Himaliyan belt, is commonlyused tradi-
tional Indian medicine in Ayurvedic culture.?!! Shata-
vari described as Medhya Rasayana in Ayurveda with
multi-fold benefits, specifically to improve memory
and intellect. In addition, A. racemosus has been used
for the treatment of high fever, jaundice, ulcer, inflam-
mation and cancer. Several preclinical studies have
revealed the potential implication of A .racemosus in
the CNS disorders, such as AD, cerebral 1schemia and
Parkinson’s disease.>" A. racemosus root extract con-
tains several bioactive alkaloids, phenolic compounds,
flavonoids, phytosteroidal saponins (phytoestrogen-like)
identified as Shatavari I -VI, sarsasapogenin, isoflavins
including 8 -methoxy -5,6, 4- trihydroxyisoflavine and
7-O-B- D-glucopyroniside, aspragamine and recemosal
known to possess estrogenic action.”” Sarsasapogenin
known to possess neuroprotective properties in rodent’s
AD model.”? Studies have revealed the anti-parkinso-
nian® and anxiolytic activity!?”! of steroidal saponins
which are reported in A. racemosus. In rodents and
human beings scopolamine drug used as non-selective

muscarinic receptor antagonist who can produce AD
like symptoms by blocking the cholinergic function of
the central nervous system. Furthermore scopolamine
could induce oxidative stress and amnesia by increasing
AChE activity and decreasing the acetylcholine (Ach)
level in the brain.”*3% Thus, scopolamine is well-known
anticholinergic drug normally used as a standard drug
for inducing cognitive deficits for experimental pur-
pose. This study aimed to investigate the neuroprotec-
tive effects of AR root extract on hippocampal neurons
in scopolamine induced AD model.

MATERIALS AND METHODS
Plant material

The roots of AR were used and purchased from the local
supplier. The roots were washed, shade dried, cut into
small pieces, pulverized by a mechanical grinder to get
a coarse powder. The powdered material was stored in
airtight container for further use. The air-dried 500 gm
powdered material was extracted using 100% methanol
in a Soxhlet extractor for 35 hr. The solvent was
evaporated at low temperature under reduced pressure
in a Rota evaporator; A brownish black waxy residue
completely free from the solvent was obtained. The
extract gave positive tests for polyphenols, flavonoids,
tannins, saponins and glycosides. The sticky concentrated
mass was kept in refrigerator at 4°C and dissolved in
distilled water just before use. The mice received dosages
of 100 mg /kg per day based on a pilot study and
reports available in the literature.

Animals

Adult Male Swiss albino mice (25 -30 mg) were used
in this study. All mice were housed under controlled
conditions in polyutherine cages separately for one
week to acclimatize the laboratory environment. The
mice were given commercial standard food pellets and
water ad libitum. The mice were maintained on 12:12
hr light-dark cycle. All the experiments were performed
between 0900 and 1500h. Handling and usage of
animals agreed strictly with the regulation and guideline
set by international norms. All protocols were made
to reduce the number of animals used. The study
protocol was approved by the Institutional animal
ethical committee (IAEC Log.No0.973/ac/06/CPCSEA).

Drugs and Chemicals

All chemicals used were purchased from commercial
supplier and were of analytical grade. Scopolamine
hydrobromide was purchased from Sigma -Aldrich. AR
methanolic root extract was dissolved in distilled water
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and administered orall. Scopolamine hydrobromide

was dissolved in saline and given intraperitoneally
(LP.) after one hour of AR dose.

Methods: Experimental Design Treatment protocol

After acclimatization for one week, the mice were
randomly distributed into four different groups with
six mice in each group and were maintained under
similar condition during the experiment. Scopolamine
(1 mg/kg b.w.) was dissolved in saline and givensingle
dose/ day intraperitoneally for 7 days. All the drugs
were administered in the morning session i.e. 8.00-9.00
AM each day.

Histopathology After completion of treatment protocol
mice were anesthetized with Euthanal and sacrificed
by decapitation on next day. Their whole brains were
removed from the skull and fixed in 10% neutral
chilled formalin for 18 hr at 4°C. The brains were
dehydrated in graded ethanol series. They were cleared
in xylene and immersed in Xylene 50% + paraffin wax
50 % mixture at 60°C. Tissue was then transferred to
100% paraffin wax at 58°C. Brains were embedded in
paraffin wax and left at 4°C until used. The paraffin
blocks were serially sectioned at 10um thickness on a
rotatory microtome. Coronal sections containing
hippocampal sub region (bregma -1.46 mm to -2.18 mm)
were used for histological study. Sections were dewaxed
in xylene and then passed through descending series of
ethanol and finally hydrated. After that, sections were
stained in 1% cresyl violet according routine laboratory
procedures, dehydrated in ascending graded alcohol
series, cleared in xylene. Sections were mounted in
Distren Plastcizer Xylene (DPX). Qualitative analysis of
neurons in the pyramidal cell layer of Ammon’s horn
and granular layer of DG of hippocampus was
performed, microphotographs of each section was
taken using Olympus BX 51 microscope. The cells
with significant granules were counted. The images
were analysed using OLYSIA Autobioreport software.
Medium or large neurons with distinct nucleus and
intact cell membrane were considered as viable. Darkly
stained pyknotic neurons with diffused or fragmented
nuclei were considered as apoptotic or degenerated.

Statistical Analysis

All the results were expressed as mean+ SEM (Standard
error of mean). All results and data were statically
analysed using one-way ANOVA, p<0.05 was considered
to be statically significant.
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Table 1: Animal groups and treatment protocol.

Group Treatment and Duration

Group | Control  Mice were received vehicle for a period
N=6 of one week.

Group I AR Mice were administrated a single
N=6 dose of AR methanolic roots extract

(100 mg/kg b.w. P.O) for a period of one
week.

Group Il SCO Mice were received a single dose of

N=6 Scopolamine (1mg/kg b.w. |.P.) for a
period of one week.

Group IV SCO Mice were administrated AR methanolic

N=6 +AR roots extract (100 mg/kg P.O.) +

Scopolamine (1mg/kg I.P.) for a period
of one week.

(All protocol and research designed under Ph.D. supervisor)

‘CON

‘AR

‘SCO

SCO+AR

Figure 1: Effects of Asparagus racemosus methanolic root
extract on the neuron cell bodies in hippocampus in scopola-
mine induced amnesia in mice.

RESULTS
Qualitative analysis of neuron cell bodies

Histopathological changes were observed in mice
hippocampus (Figure 1A-D). The scopolamine treated
group showed extensive injuries of pyramidal cells in
hippocampal sub regions CA1, CA3 and DG (Figure 1C).
In this consequence, the effects of AR methanolic
root extract in the hippocampus of mice treated with
scopolamine were observed. In scopolamine treated
group cells appeared to have vacuolation, hyper
chromatic, pyknotic, busted morphology without
distinct cell membrane chromatolysis appeared in some
cells (Figure 1 cl-c3). Scopolamine also produces
selective staining of nissil granules, glial activation,
presence of dendritic cytoplasm suggesting protein
denaturing and neurodegeneration in the hippocampus
and dentate gyrus neuron cell bodies. In mice, treated
with AR root extract combined with scopolamine
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(Figure 1D), showed a marked reappearance of CA
pyramidal cell layers as well as reduction of neuronal
loss and neurodegeneration in all the three regions
studied CA1, CA3 and DG (Figure 1 d1-d3).

Note changes in cell bodies of CAl, CA3 and DG
regions (Figure A-D Marked area). Normal cytoarche-
tecture in a hippocampus formation of control group
(Figure A) and A. racemosus group (Figure B). Detail of
all three region CA1l, CA3 and DG in control group
(Arrow Figure al, a2 and a3) and A.racemosus group
(Arrow Figure b1, b2 and b3). Hippocampus formation
of mouse of scopolamine group showing high neuronal
damage, neuronal loss and neurodegeneration in CA1,
CA3 and DG (Figure C). Detail of all three region in
scopolamine group (Arrow Figure c1, ¢2 and ¢3). In
mice, treated with _4. racemosus root extract combined
with scopolamine (Figure D), showing a marked
reappearance of CA pyramidal cell layers as well as
reduction of neuronal loss and neurodegeneration in
all the three regions studied CA1, CA3 and DG (Detail
of all three region Figure d1, d2 and d3).

Quantitative analysis of neuron cell bodies
The number of viable neurons of CAl and CA3

sub-region of hippocampus showed significant decline
in scopolamine group (SCO: CAl: 6.240 £0.190 CA3:
6.953 £0.439 $<0.005) as compared to control (Control:
CAl: 7.131 #1396 CA3: 11.127 #0.917 p<0.005)
(Figure 2A, 2B,). Simultaneous treatment of AR and
scopolamine in mice caused a significant elevation in
the number of viable neurons of CAl and CA3
sub-region of hippocampus (AR+SCO: CA1: 8.285 +1.16
CA3: 8.954 £0.463 p<0.005) as compared to those
treated with scopolamine alone (SCO: CAl: 6.240
£0.190 CA3: 6.953 +0.439 $<0.005) (Figure 2A, 2B,).
However, no significant difference in the of viable
neurons of CAl and CA3 sub-region of hippocampus
was observed between control (Control: CAl: 7.131
+1.396 CA3: 11.127 £0.917 p<0.005) and AR (AR: CAI:
7.989 £1.55 CA3: 8.989 £1.55 p<0.005) treated groups
(Figure 2A, 2B,). The number of viable neurons of DG
region of hippocampus showed significant decline in
scopolamine group (SCO: DG: 15.206 +1.791 p<0.005)
as compared to control (CONTROL: DG: 19.317
+1.294 p<0.005) (Figure 2C) Simultaneous treatment of
AR and scopolamine in mice caused a significant
elevation in the number of viable neurons of DG
region of hippocampus (AR+SCO: DG: 17.141 +1.252
$<0.005) as compared to those treated with scopolamine
alone (SCO: DG: 15.206 £1.791 p<0.005) However, no
significant difference in the of viable neurons of DG
region of hippocampus was observed between control
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Figure 2A: Viable neuron count in CA1 region Mean +SE**
(P<0.001),*(P<0.005).
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Figure 2B: Viable neuron count in CA3region mean+SE**
(P<0.005),* (P<0.001).
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Figure 2C: Viable neuron count in DG region mean = SE**
(P<0.001), * (P<0.005).

Figure 2: Effects of Asparagus racemosus methanolic root
extract on the viable neuron count in hippocampus in
scopolamine induced amnesia in mice (Quantitative
assessment of viable neuron).
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(Control: DG: 19.317 +1.294 <0.005) and AR (AR:
DG: 19.972 £1.074p<0.005) treated groups (Figure 2C).
Cell count in scopolamine group showing significant
decrease in viable neuron number in CA 1, CA3 and
DG sub region of hippocampus of mice as compared
to control and AR group (Figure 2A, 2B, 2C).In mice,
treated with A. racemosus root extract combined with
scopolamine, showing a significant increase in cell
number in three regions studied CA1l, CA3 and DG
(Figure 2A, 2B, 2C).

DISCUSSION

Alzheimer’s disease is considered the most common
type dementia with progressive decline both in memory
and cognitive ability.®!) Histopathogy of AD brain is
characterized by neurodegeration in the DG of hippo-
campus, temporal cortex, deposition of neurofibrillary
tangles and senile plaque.’**! Worldwide, approximately
44 million people are suffering with AD or related
form of dementia.®” Experimental and clinical studies
have indicated that estrogen and estrogen like molecule
widely influence brain functions by acting as anti-
oxidant,*! supports DNA repair,**synthesis of growth
factors,””! synaptic plasticity,*¥and the blood flow to
the brain,® It has been reported that estrogen modulate
cell proliferation,*” cell differentiation,*!! cell survival,*?
and also delay the onset of AD by modulating cho-
linergic functions.'Recent studies suggested that HRT
with estrogen for post-menopausal women is effective
in preventing AD and PD." Series of clinical and
laboratory evidences highlighted the medicinal impor-
tance of herbal preparation in the management of
neuronal disorders such as depression,*! anxiety,!*%7!
epilepsy,*#l and also inneurodegenerative diseases.™”
Phytoestrogens are plant originated estrogens, have
received increased investigation due to their estrogen
like activities and competing the estrogen hormone at
receptors bindings. They are capable to enhance learning,
cognitive ability, promote differentiation in various
type of stem cell including neural stem/progenitor
cells (NSPCs).P15! Several clinical and laboratory studies
have revealed that phytoestrogens treatment could
improve cognitive decline in post-menopausal women
and 7z vivo rodent models.*N Asparagus racemosus (AR) is
well-documented for its potent phytoestrogenic
properties. In Ayurveda AR 1s described as rasayana,
cited as nervine tonic, and also accepted as female tonic
due to its phytoestrogenic properties.?!! Saxena ¢z 4/, 2010;
Panday ez al., 20055** have shown that roots and leaves
of AR possess estrogenic properties.Sarsasapogenin, a

Asian Journal of Biological and Life Sciences, Vol 10, Issue 2, May-Aug, 2021

steroid saponinpresent in AR is recently identified as
anti-amyloidogenic.*® Kasyap ¢z /., 20201 have shown
that AR based pharmaceutical preparation demonstrat
anti-neurodegenerative properties against oxidative
stress-induced neurotoxicity in PC12 cells. Lalert ez al,
201857 have demonstrated thatAR promotes the release
of neurotrophic factor BDNF in the prefrontal cortex
and hippocampus of the brain. Phytoestrogens such as
sarsaponin, protodioscin and diosgeninact as a precursor
of progesteron and has been also reported in AR roots.*#¢!
Three classes of phytoestrogens, flavonoids, isoflavones
and coumestans extracted from AR, possess the most
potent estrogenic activity.’!) Alzheimer’s disease and
neurodegenrative disease are less common in women
before menopause. It’s possible that estrogen protect
from neurodegeneration. But this protection lost with
gradual decline in estrogen level.[>%*l Studies have also
established estrogen as strong neuroprotactant and
neuroplastic hormone within CNS.**%! In animal
model estrogen deficiency increased the vulnerability in
neuronal elements such as cholinergic neurons of basal
forebrain and hippocampus, perhaps estrogen played
an important role in improving synaptic plasticity,
preventing neuronal loss by stimulating axonal and
synaptic regeneration and decreasing inflammation,/¢%¢7!
reducing tau protein and accelerate break down of APP
to amyloid beta protein (AB).®) Scopolamine induced
amnesic rodent model is one of the well-established
animal model for studying memory dysfunctions,**”"!
Scopolamine, a non-selective muscarinic antagonist
block cholinergic neurotransmission and induces the
deficit in the learning, acquisition and memory
processing.”? Both the long term and short term
memory deficit are produced by scopolamine.”>7
Similarities have been observed between patient with
Alzheimer’s disease and scopolamine treated animals.
Thus scopolamine can provide a use full pharmaco-
logical tool to generate a partial model of the disorder
such as AD.”! The herbal remedies containing Asparagus
racemosus With Withania somenifera and Emblica officinalis
was demonstrated antistress activity in rat.” Parihar
and himnani 2004 was evaluated the potential of
methanolic root extract of Asparagus racemosus against
kainic acid induced hippocampus and striatal neuro-
degeneration in mice. The cerebroprotective effect of
Asparagus rthizome in cerebral ischemia induced by
bilateral carotid artery occlusion in rats also studied.®
This study demonstrated the neuroprotective role
of methanolic root extract of Asparagus racemosus on
scopolamine induced memory impairment association
with protecting the neuronal loss of hippocampus.
Laddawan ez al. 2013 reported that Asparagus racenosus
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root extract enhance neuronal cell viability in the
CAL1 and CA3 sub region of hippocampus and medial
prefrontal cortex which are implicated in recognition
memory. It has been reported that Asparagus racemosus
shows Phytoestrogenic properties due to its steroidal
saponins namely shatavarins.*" These saponins increased
memory and protected scopolamine induce amnesia
in rodents.B! In the present study we observed similar
Phytoestrogenic effects of methanolic root extract of
Asparagus racemosus.

In this study, comparison of Histopathological obser-
vations of changes in hippocampal regions CAl to
CA4 and DG in control with scopolamine treated
group showed extensive cell injuries in CA1, CA3 and
DG demonstrating vacuolation, hyperchromatic,
pyknotic, busted morphology without distinct cell
membrane chromatolysis appeared in some cells.
Selective loss of nissil staining, glial activation and
presence of dendritic cytoplasm suggest protein
denaturation and neurodegeneration in these cell bodies.
In mice,treated with AR root extract combined with
scopolamine, showed marked changes cellular appearance
of all the three layers. A significant number of normal
cells were observed throughout all the three layers.
Quantitative studies of cells in these regions supported
the histopathological observations.

The number of viable neurons of CAl and CA3
sub-region of hippocampus showed significant decline
in CAl, CA3 and DG of scopolamine treated mice
hippocampus as compared to control. Combined
treatment with AR and scopolamine caused a significant
increase in the number of viable neurons in CAl and
CA3 sub-region of hippocampus as compared to those
treated with scopolamine alone. No significant change
in the viable neurons of CAl and CA3 sub-region of
hippocampus was observed between control and only
AR treated brain. Quantitative studies of scopolamine
treated DG region showed significant decline as
compared to control. While AR and scopolamine
brain showed significant elevation in the number of
viable neurons as compared to those treated with
scopolamine alone. However, no significant difference
in the DG region was observed between control and
AR treated brain. Observation of significantly reduced
neurodegenerative changes in neuron cell bodies
hippocampal layers (CA1l, CA3 and DG) in present
investigation after treatment with AR methanolic root
extract (100 mg/ kg b.w.) demonstrate that AR extract
is a potential candidate for developing safe and effective
alternative therapy.
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CONCLUSION

The present study concludes that the methanolic root
extract (100 mg/ kg b.w.) of AR produce neuroprotective
effects against the scopolamine induced amnesia.
Based on qualitative and quantitative observations in
hippocampal neuron cell bodies we suggest that that
AR methanolic root extract may be a promising candi-
date for developing effective the treatment for AD like
neurodegenrative disorders.
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ABBREVIATIONS

AR: Asparagus racemosus; AD: Alzheimer’s disease; CA:
Cornu Ammonis; DG: Dentate gyrus; CNS: Central
Nervous System; DNA: Deoxyribose Nucleic Acid;
DPX: Ditrene Plasticizer Xylene; mAChRs: Muscarinic
ACh Receptors; mg: Milli Grams; ppm: Parts Per
Million; SVZ: Subventricularzone; SGZ: Subgranular-
zone; TDP43: TAR DNA-binding protein 43; NFT:
Neurofibrillary tangles; CSF: Cerebrospinal fluid,;
PD: Parkinson’s disease; AchE: Acetyl cholinesterase;
Ach: Acetylcholine; SEM: Standard error of mean;
ANOVA: Analysis of variance.

SUMMARY

The population ageing has major social and economic
consequences and poses a significant threat to global
prosperity. Older people are affected by Alzheimer’s
and Parkinson’s disease and mental health problems.
Schizophrenia, depression, postmenstrual syndrome,
postnatal and depression are abundant in ageing
population. Dementia is a disease conditions in which
there is decline in brain function, cognition, behavior,
and other thinking skills that affects a person’s ability
to perform everyday activities. This condition occurs
due to neuronal in the brain. These neurodegenerative
diseases are associated with gradual loss of memory
and impaired cognitive functions. Prevalence of neuronal
diseases is greater in women than men after the age
of 65 or in their post-menopausal stage. The level
of estrogens rapidly decline in women in their post-
menopausal stage and makes them more vulnerable to

Asian Journal of Biological and Life Sciences, Vol 10, Issue 2, May-Aug, 2021



Jagdish and Maheep: Neuroprotective effect of Asparagus racemosus on neurons

neurodegenerative diseases. Estrogen is capable to delay
the onset of Alzheimer’s disease (AD) by modulating
activity of cholinergic neurons, metabolism of mono-
amine and BDNF mRNA essential for optimal brain
function. Estrogen strongly influences memory and
cognition as well as brain functions. Phytoestrogens,
which are plant derived, xenoestrogens are found in
seeds, fruits, and vegetables. In present study, we used
scopolamine induced amnesic mice model to study
the neuroprotective and neuromodulatory effect of
Asparagus racemosus: as potent phytoestrogen. Asparagus
racemosus (Family: Aparagaceae), called Shatavari plant
is described as queen of herbs in the ayurvedic system
of medicine for its multidimensional therapeutic
values. In the present study attempts have been made
to evaluate effects of methanolic root extract of Asparagus
racemosus on learning and memory in scopolamine
induced dementic mice model of Alzheimer’s disease.
Scopolamine induce a wide range of neurodegenrative
changes in brain and causes neurochiatric disorders.
Histological evidences in present study have demonstrated
hippocampal neurodegeneration in scopolamine
treated mice. Asparagns racemosus treatment resulted
in significant neuroprotection against scopolamine
induced neurotoxicity. Methanolic root extract of
Asparagus racemosus effectively reversed the neurodegen-
erative changes in CAl, CA3 and DG sub regions of
hippocampus. Further significant ameliorative effect
against neurodegeneration proves neuroprotective
activity of phytoestrogens of _Asparagus racemosus.
Qualitative and quantitative study was also carried to
demonstrate protective effect of Shatavari root.
Differential counting of degenerating cells (dark cells,
apoptotic neuronal cell bodies, chromatolytic neurons,
vacuolated cytoplasm) in scopolamine treated groups
have shown significant changes in cell number in CA1
CA3 and DG sub field of hippocampus. Maximum
normal cell count in these sub regions was observed in
Asparagus racemosus treated mice as compared to scopol-
amine treated mice.
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