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ABSTRACT

Asparagus racemosus commonly known as Shatawari, is classified as a Medhya Rasayana herb. It is well-
known Ayurvedic medicine and key ingredient in traditional formulation. This herb exhibits a range
therapeutic effects and beneficial for neurological disorders such as dementia, anxiety. Our previous studies
have demonstrated the neuroprotective and antioxidant properties methanolic root extract of Asparagus
racemosus through behavioral paradigms. The objective of current study is to examine the effects of
Asparagus racemosus root extract on cholinergic neurotransmission and hippocampal neurogenesis in mice
that have been subjected to scopolamine induced amnesic. We observed that scopolamine significantly
elevated acetylcholinesterase (AChE) activity, leading to cholinergic dysfunction. The methanolic root
extract of Asparagus racemosus was found to inhibit the hyper activation of AChE induced by scopolamine.
This indicates that Asparagus racemosus possess anti-amnesic properties that may mitigate learning and
memory impairments by modulating the cholinergic system in age related dementia. Furthermore, we noted
that scopolamine suppresses neurogenesis in the dentate gyrus of the hippocampus. These finding imply
that methanolic root extract Asparagus racemosus can effectively regulate cholinergic neurotransmission
in the brain and stimulate neurogenesis in the hippocampus DG. Consequently, Asparagus racemosus may
serve as a powerful neuro-pharmacological agent against amnesia, potentially enhancing brain plasticity.

Keywords: Brain plasticity, BrdU, Cell Proliferation, Asparagus racemosus, dementia;, Neurogenesis,
Alzheimer’s disease

INTRODUCTION

Alzheimer’s disease (AD) is a gradually advancing neurodegenerative condition. The estimated global
number of patients reported now exceeds 57 million. (Nicols et al., 2022) annual basis. It is associated with
decline in memory, linguistic impairment, behavioral problems and cognitive dysfunction. (Rajaram et al.,
2021) The prominent hallmarks observed in AD brain are senile plaque (AP), neurofibrillary tangles,
decreased central functioning and extensive neuronal loss (Alzheimer’s Association, 2017).

The hippocampus and its functionality are notably influenced by cholinergic dysfunction (Roloff et al.,
2007.) The central cholinergic system located in the basal forebrain is crucial for the regulation of learning
and memory that depend on the hippocampus (Blake et al., 2014).

Degeneration of cholinergic neurons results in cognitive impairment Acetylcholine (ACh) is a major
excitatory neurotransmitter, released from cholinergic neurons and is crucial for both development of long-
term memories and memory retention (Anand and Singh 2013, Picciotto et al., 2012). Cholinergic
impairment is caused by increase of Acetylcholinesterase (AChE) activity and reduction in ACh
concentration in brain, which are the main cause of cognitive impairment (Choi ef al., 2021). Abnormalities
in cholinergic neurons in the brain transmission contribute to cognitive impairments in psychiatric disorders
like schizophrenia and Alzheimer's. (Muller ef al., 2018). Pharmacological approaches are indicated that
cholinergic signaling is an important pathway controlling postnatal neurogenesis, any damage or
disturbance in cholinergic system is closely associated to cell proliferation in the hippocampus (Kotani ef
al., 2006; Yoo et al., 2011). The synthesis, release, and transmission of the neurotransmitter acetylcholine
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regulates adult hippocampal neurogenesis. Studies reveal direct innervation of immature neurons by ChAT
neurons. (Quintanilla et al., 2019). Scopolamine, which acts as muscarinic receptor antagonist, reduces the
cholinergic neurotransmission and heightening oxidative stress in the brain. (Hussain et al, 2022).
Scopolamine also produces shrinking of neuron and initiates neurodegeneration in the hippocampus. (Safar
et al., 2016).

Adult hippocampal neurogenesis occurs within the mammalian brain, particularly in the dentate gyrus
subregion of the hippocampus (Goncalves et al., 2016). In adult, neural stem cells produce intermediate
progenitor cells that subsequently differentiate into neurons, which then integrate with existing neuronal
circuitry of the hippocampus, thereby enhancing cognitive functions. (Sahay et al., 2011). Recent research
conducted on animal models indicates that neuronal plasticity in the mice brain facilitates learning and
memory, whereas the inhibition of neurogenesis in the DG region disrupts spatial pattern separation and
memory retention. (Jessberger et al. 2009).

Asparagus racemosus is a widely recognized therapeutic medicinal plant in ancient medical systems.
This plant is utilized as a rejuvenating tonic for women and offers various neuro-pharmacological
advantages. The extract from its roots demonstrates health-enhancing properties, including antioxidant
effects (Bhatnagar et al., 2005), immune-stimulant capabilities (Sharma et al., 2013), neuroprotective
effects (Palanisamy and Manian, 2011), and anti-cancer attributes (Mitra et al., 2012). In Ayurveda,
Shatavari is regarded as Medhya Rasayana, serving multiple purposes, especially in enhancing memory and
intellect (Dash, 1991). The roots of Asparagus racemosus contain several alkaloids and steroidal saponins,
identified as Shatavarin I to VI, asparoside, aspragamine, recemosal, and racemofuran, which are known to
exhibit estrogenic activity (Kumeta et al., 2012; Singla and Jaitak, 2014). This research sought to investigate
the neurotherapeutic impacts of the root extract from Asparagus racemosus on the inhibition of
acetylcholinesterase (AChE) and the promotion of adult hippocampal neurogenesis within the dentate gyrus
(DG) sub-region of the hippocampus.We employed a scopolamine-induced mouse model of Alzheimer’s
disease. BrdU immunohistochemistry was utilized to assess the formation of new neurons, conducted in
thick sections through the stereological counting method (Hardman et al., 2005).

MATERIALS AND METHODS

2.1 Reagents and Antibodies

All reagents and chemicals utilized which in this research were of analytical grade. Dimethyl sulfoxide
(DMSO), Acetylthiocholine iodide (ATCI), 5, 5'-di-thio-bis-nitro-benzoic acid (DTNB), Scopolamine
hydrobromide and BrdU were sourced from Sigma Aldrich. Rabbit monoclonal anti-BrdU (Sigma USA)
and Biotinylated goat anti Rabbit were used as primary and secondary antibody respectively. They were
purchased from Vector laboratories Incorporation (USA).

2.2 Animals

Swiss albino mice (25-30g, 4 week old adult male) were utilized in this study. The mice were housed in
polyutherine cages for a period of one week duration to acclimatize the laboratory conditions. Mice were
provided with ad libitum access to both food and water. All the experiments procedures were conducted
the hours of 0900 and 1500. Animal care and Use Committee of MLS University approved the experimental
protocol, and all procedures were carried out with the guidelines set forth by the Institutional Animal Ethics
Committee (IAEC Log.No0.973/ac/06/CPCSEA).

2.3 Drug Preparation

Asparagus racemosus roots were procured from the local vender of herbal formulation. The coarse powder
of dried roots (500gm) with 100% methanol were extracted by Soxhlet’s extractor for 35h. Methanol free
dry mass of filtrate was obtained by rotatory evaporator and stored in refrigerator. The dried extract was
newly dissolved in distilled saline immediately prior to use.

2.4 Drug Administration

Mice were randomly classified into the four groups (Table 1): Control (Vehicle), Asparagus racemosus
(AR- 100 mg/kg), Scopolamine (SCO- 1mg/kg scopolamine-treated), and Scopolamine with Asparagus
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racemosus (SCO Img/kg + AR 100 mg/kg). AR was freshly dissolved in saline and administrated orally
once daily for a duration of 14 consecutive days. Following one hour after administration of Asparagus
racemosus, Scopolamine hydrobromide was injected intraperitoneal (i.p.) once daily for 14 days.

BrdU Treatment

To investigate neurogenesis with in the dentate gyrus (DG) of hippocampus, immunohistochemistry was
performed. BrdU was dissolved in normal saline (0.9% NaCl) and sterilized before administration. Mice
were given a single intraperitoneal injection (i.p.) of BrdU (150 mg/kg) on the 10", 12" and 14" days. All
the mice were euthanized 48 hours following the final BrdU injection. After last BrdU injection. The In
vivo experimental design is outlined in Table 1 and 2.

Table 1: Animal groups and drugs administration Table

Mice Group Treatment

1 Control Saline

2 | AR Asparagus racemosus (100mg/kg P.O.)

3 SCO Scopolamine hydrobromide (1mg/kg I.P.)

4 SCO + AR | Asparagus racemosus (100mg/kg P.O.) + Scopolamine hydrobromide (1mg/kg
LP.)

Table: 2 Schematic illustration of BrdU and other drugs treatment

Day 1 2|34 |5]|6|7 (89|10 |11 |12 |13 |14 |15 16
AR(P.O) + + + + 4+ + + 4+ + + + +  + 4+ -
SCO(1.P.) + + + + 4+ 4+ + + + + + o+ 4+ 4+ -
BrdU - - - - .- .o - - R
~~ ~~ ~~ =
& & & 3]
~— ~— ~— [
2 2 2
o3 o3 a3 = »n
2.5 AChE Estimation

The assessment of brain AChE activities in the total homogenate was measured using Ellman’s colorimetric
method (Ellman ef al. 1961).This method quantifies AChE activity by detecting the production of a yellow
compound at 412 nm, resulting from the reaction between acetylthiocholine iodide and DTNB (5,5' dithio-
bis-2-nitrobenzoic acid). The AChE activity was calculated using the formula: r=5.74 x10*xA A/C, where
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r represents the rate of enzymatic activity (in moles of acetyl thiocholine hydrolyzed/min/g tissue), A A
denotes the change in absorbance/ min and C indicates the concentration of the tissue in the homogenate
(mg/ml).

2.6 Immunohistochemistry

After the experiment, the mice were euthanized and their brain was removed quickly on ice. It was
subsequently post-fixed in 10% neutral chilled formalin for 18 h at 4°C before undergoing dehydration. The
brain was cleared using xylene and embedded in paraffin wax. Coronal sections (10 mm) containing
hippocamal sub region (bregma -1.46 mm to -2.18 mm) were prepared for Immunohistochemistry using a
detailed protocol involving primary antibody (Rabbit monoclonal anti BrdU; Sigma USA) and secondary
antibody (Biotinylated goat anti-Rabbit, 10 pg/ml; Vector laboratories incorporation, USA). Finally, the
sections were treated with DAB to visualize BrdU-labeled cells. They were appeared brown, colour they
were counted in each section in the DG region by another experimenter which were counted in the DG
region by a separate experimenter.

2.7 Statistical Analysis
The results and data were analyzed with Graph Pad Prism, expressed as mean +SEM, using a One-way
ANOVA followed by Turkey’s test, with statistical significance set at P < 0.05.

RESULTS
3.1 Effects of AR on AChE Levels in Brain
The group that was administrated solely scopolamine exhibited a significant (p< 0.001) increase in AChE
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Fig. 1 Biochemical estimation of AChE activity in brain homogenate.
Value depicted as Mean £SEM, " (P<0.05),"" (P<0.001), *(P<0.01)
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activity compared to the control group. In contrast, the SCO + AR group, which received Asparagus
racemosus roots extract with scopolamine, exhibited a significant (p< 0.001) decrease in AChE activity
relative to the SCO group. However, no significant (p<0.05) difference in activity AChE was observed
between control and AR treated groups

3.2 Effects of AR on Neurogenesis and Synaptic Plasticity in the Hippocampus
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Figure 2: Representative Photomicrograph of Immunohistochemistry in the Dentate Gyrus (DG) of
Hippocampus showing BrdU positive cells (Arrow 10X)
1. BrdU — positive cells in Control group 2. BrdU — positive cells in AR group
3. BrdU — positive cells in SCO group 4. BrdU — positive cells in SCO+ AR group

The functions of learning and memory are modulated by neurogenesis occurring in the hippocampus.
Therefore, we investigated the impact of methonolic root extract of AR on neurogenesis. We assessed the
effects of AR on the proliferation of newly formed cells in the DG region of the hippocampus. The BrdU
positive neurons were analyzed in the DG region of the hippocampus across control, scopolamine and AR
groups (Figure 2). Representative photomicrographs illustrating the localization of BrdU- positive cells are
shown. (Fig) The administration of the muscarinic receptor antagonist scopolamine significantly suppressed
neurogenesis in dentate gyrus, particularly with in the sub granular zone (SGZ), as indicated by a decrease
in BrdU positive cell in this area compared to control and AR treated groups (Figure 3). The simultaneous
treatment of AR and scopolamine in mice resulted in a notable increase in the number of BrdU positive
neurons in the DG region of hippocampus when compared to those treated solely with scopolamine.
However, no significant difference was noted in the number of BrdU positive neurons in the DG region of
hippocampus between the control and AR treated groups.
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Fig. 3 Representative Photomicrograph of Immunohistochemistry in the Dentate Gyrus (DG) of
Hippocampus showing BrdU positive cells (Arrow 40X)

1. BrdU — positive cells in Control group 2. BrdU — positive cells in AR group

3. BrdU — positive cells in SCO group 4. BrdU — positive cells in SCO+ AR group

DISCUSSION

Alzheimer’s disease (AD) is a progressive neurogenerative disorder linked to specific brain abnormalities.
(Korczyn and Grinberg, 2024.) AD produced significant neuronal loss, reduced acetylcholine level,
heightened oxidative stress. (Allerton et al., 2024). The cholinergic system of the brain plays a crucial role
in hippocampal neurogenesis and cognitive function by modulating neurogenic processes such as BDNF
and CREB. (Bruel et al., 2011). Scopolamine, recognized as a non-selective muscarinic acetylcholine
receptor antagonist, disrupts the cholinergic function by elevating AChE activity, and which ultimately
leads to deficit in learning and memory tasks (Elvander et al., 2004, Balaban et al., 2017, Alvarez et al.,
2017). Acetylcholinesterase (AChE) serves as a key hydrolase in the cholinergic system that can cleave
acetylcholine (ACh) and make it inactive, thereby maintaining the balance of Ach (Soreq and Seidman,
2001). AChE inhibitory drugs which are used in AD treatment increase the availably of acetylcholine
neurotransmitter in synaptic cleft. Plant originated AChE inhibitors could be valuable alternative for AD
management.

Numerous studies have demonstrated the cognitive enhancement effects of plant extract through various
animal models. (Rabiei et al., 2013, Rabiei ef al., 2014). Research indicated that AChE inhibition promotes
adult hippocampal neurogenesis by activating neurogenic signaling pathway in both mice and amnesic
mouse model. (Kotani ef al., 2006). Our research indicated that AR significantly attenuated the scopolamine
induced cholinergic dysfunction which was associated with elevated AChE activity in the brain. This
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indicates that AR has anti-amnesic activities that protect against learning and memory deficits by
modulating the cholinergic system, thus preventing cognitive decline in patients with dementia related to
aging or AD. Scopolamine treatment supress proliferation and survival of cells in the SGZ of the
hippocampal DG, but AR attenuates the decline of newly generated cells. Adult hippocampal neurogenesis
is closely associated to neuroplasticity (Massa ef al., 2011), and is crucial for thel cognitive functions of the
hippocampus (Vivar, 2015). Decline in neurogenesis is also a characteristic during ageing and in
neurodegenerative disease (Zhao et al, 2008). Injury to the cholinergic nuclei that projecting to the
hippocampus leads to a decrease in this region (Cooper- Kuhn et al., 2004), that suggests cholinergic system
actively involves in hippocampal proliferation (Bruel- Jungerman et al., 2011).

We observed that scopolamine suppresses neurogenesis in amnesic mice while AR treatment increases
the number of BrdU positive cells in the DG and facilitates neurogenesis in the scopolamine induced
amnesic mice. The phytochemical and their derivatives have been discovered only in limited a number to
promote neurogenesis without side effect. However, herbal medicine has been traditionally used for the
treatment CNS disease since ancient times. Asparagus racemosus, referred to as Medhya Rasayana in
ancient Ayurveda, is known to enhance brain function, memory, and intelligence. In previous research, we
investigated the effects of Asparagus racemosus on learning and memory acquisition using behavioral
paradigm. In nutshell, our study indicates that by promoting neurogenesis or inhibiting AChE activity
Asparagus racemosus could be an effective therapeutic agent for neurodegenerative disorders such as AD.

CONCLUSION

Our research findings demonstrate that Asparagus racemosus (Shatavari) exhibits an anti-amnesic effect,
which could be mediated by cholinergic activity and neurogenesis in the hippocampus. These results imply
that the roots of Asparagus racemosus (Shatavari) may be beneficial for inclusion in herbal formulations
for neurological disorders that involve impaired hippocampal neurogenesis and memory.
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