A
ASIAN JOURNAL OF PHARMACEUTICAL AND CLINICAL RESEARCH ‘*@/ i

Knowledge to Innovation

Online - 2455-3891
Print - 0974-2441

Research Article

AMELIORATIVE EFFECT OF SIDA CORDIFOLIA L. AGAINST SCOPOLAMINE-INDUCED
COGNITIVE DEFICIT MICE MODEL

Special Issue (September)

NAVNEET KHURANA?, NEHA SHARMA"*, SHAILENDRA PATIL?, ASMITA GAJBHIYE?

Department of Pharmacology, School of Pharmaceutical Sciences, Lovely Professional University, Phagwara, Punjab, India. 2Department
of Pharmacy, Sagar Institute of Pharmaceutical Sciences, Sagar, Madhya Pradesh, India. *Department of Pharmaceutical Sciences, Dr. H. S.
Gour University, Sagar, Madhya Pradesh, India. Email: c4nehagautam@gmail.com

Received 14 July 2017, Revised and Accepted 25 July 2017

ABSTRACT

Objective: In this study, ameliorative effect of aqueous extracts of Sida cordifolia and hydroethanolic extracts of S. cordifolia L. (AESC and EESC,
respectively) was evaluated against scopolamine (Sco)-induced amnesia in mice. S. cordifolia L. is a well-know Ayurvedic plant which has been
administered anciently for various nervous disorders including loss of memory. Female Swiss albino mice were used for Sco-induced amnesia model
and acute toxicity study.

Methods: Acute toxicity study was carried out to select safe and effective doses (50, 100 and 250 mg/kg; p.o.) of AESC and EESC for further
pharmacological evaluation. The AESC and EESC at selected doses and donepezil (Dpl) (5 mg/kg; p.o.) were administered to different groups for
consecutive 15 days. On 15" day of treatment, Sco (0.4 mg/kg, intraperitoneally) was administered to different groups for induction of amnesia. Mice
were subjected to transfer latency (TL) and step down latency (SDL) tests on the 16" day to evaluate the effect of AESC and EESC on memory.

Results: Sco treatment caused a significant increase in TL and decrease in SDL. The EESC significantly and dose dependently reversed the Sco-induced
amnesia. The maximum effect was seen in EESC (100 mg/kg) treated group. This effect of EESC was comparable to the group treated with Dpl. The
group treated with varying doses of AESC showed no significant effect on TL and SDL.

Conclusion: These findings suggested the possible therapeutic potential of EESC (70%) for diseases related to memory dysfunctions like dementia
in Alzheimer’s disease.
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INTRODUCTION the Ayurvedic practitioners. As per Ayurvedic pharmacology, medicinal
plants have been classified into different groups based on their actions.
One of these classes is known as “Rasayana” that mainly includes the
antioxidant drugs which act inside the human body by regulating the
neuro-immune-endocrine systems [6]. These Rasayana plants are said
to strengthen brain, prevent ageing process, rejuvenate cells, prevent

diseases, and promote health longevity.

Dementia is considered to be one of the important causes of severe
morbidities and mortalities worldwide [1].Itis one of the most prevalent
clinical manifestations of Alzheimer’s disease (AD). Dementia is due to
the loss of cholinergic neurons and innervations in the hippocampus
and cerebral cortex region of the brain [2]. It is considered that certain
factors like abnormality in the phosphorylation of protein tau, oxidative
stress, changes in calcium metabolism, abnormal energy metabolism,
neuroinflammation, and abnormal protein processing (unwanted AR
generation and accumulation) are considered to be important factors
in AD pathology [3]. Neurotransmitter acetylcholine, which is secreted
in cortical and hippocampal area of the brain, plays a significant role in
the learning and memory process [4]. Agents modulating the activity of
acetylcholine can affect learning and memory.

There are several Rasayana plants which have been immensely used for
the management of various neurodegenerative diseases, e.g., Mucuna
pruriens for the management of Parkinson’s disease [7]; Withania
somnifera and Melocanna bambusoides for the management of AD [8].
One of such Rasayana plants, Sida cordifolia L. has been selected in this
study to evaluate its ameliorative effect on scopolamine (Sco)-induced
amnesia model in mice.

At present, available treatment for dementia includes cholinesterase
inhibitors such as tacrine, galantamine, donepezil (Dpl), and
rivastigmine which are mostly associated with cholinergic side effects
and hepatotoxicity. Another antidementia drug category includes
N-methyl-D-aspartate receptor antagonists like memantine which is
also associated with lack of neuroprotective activity. Therefore, there
is need to find a drug that should have minimum side effects and must
exert multiple protective actions, like prevention of neurodegeneration
through its antioxidant actions along with cholinergic effects [5].

S. cordifolia L. (family Malvaceae) is an important medicinal plant
of Rasayana group that contains various chemical constituents such
as gelatine, asparagine, mucin, ephedrine, vasicine, hypaphorine,
vasicinone, potassium nitrate, vasicinol, and phytosterols [9]. This plant
is already reported to have significant in vitro and ex vivo antioxidant
property [10], anti-inflammatory and lipid lowering activities [11].
Besides, itis reported to be useful in the various nervous disorders such
as unilateral paralysis, facial palsy [12], and Parkinson’s disease [13-16]
as mentioned in the Ayurvedic literature. These related activities

Various Indian medicinal plants have been reported to be used reported for this plant suggests the evaluation of this plant for this

for thousands of years in the Ayurveda system of medicine for the
managementofneurodegenerative disorders such as Parkinson’s disease,
AD, memory loss, neuronal degeneration, and other neural disorders by

debilitating condition of dementia. Thus, the objective of current study
was to assess the mitigating effect of S. cordifolia L. against Sco-induced
amnesia model using mice.
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METHODS

Collection, identification, and authentication of plant

S. cordifolia L., also known as Bala and Kharenti, was collected in
the month of November from Sagar, Madhya Pradesh, India. It was
identified and authenticated at Department of Botany, Dr. Hari Singh
Gour University, Sagar, Madhya Pradesh, India, and a voucher specimen
has been kept in the herbarium of the department (Voucher Specimen
No. Bot./Her./5234 dated 03/02/2010 given by Prof. T. R. Sahu).

Preparation of plant extracts

The fresh whole plant was first washed with water, dried in shade, finely
powdered and then passed through sieve (400 pm). The powdered
material was defatted with petroleum ether at 50°C by using Soxhlet
apparatus till no oily spot was found on filter paper. Then, the defatted
plant material was subjected to extraction with 70% ethanol using
Soxhlet apparatus. This 70% ethanol extract of S. cordifolia (EESC)
was lyophilized and stored at 4°C for preliminary pharmacological
screening.

Standardized aqueous extract of S. cordifolia (AESC) in the form of
dry powder was procured from Amsar Pvt. Ltd., Indore, India. The
extract was stored in a tightly closed container at 4°C for preliminary
pharmacological screening.

Animals

Female Swiss albino mice aged between 3 and 4 months and weighing
20-30 g were involved for acute toxicity study and Sco-induced amnesia
model. The animals were procured from the National Institute of
Nutrition, Hyderabad. They were kept in standard animal cages at
an ambient temperature. Natural day/night cycles were maintained
throughoutthe study. Food and water was provided ad libitum to animals.
Experiments were performed between 09:00 and 16:00 hrs. Before
performing the test, animals were kept in the animal room for 1 week
and were regularly exposed to the laboratory conditions to acclimatize
them to the experimental conditions. Animal experimentation protocol
was approved by the Institutional Animal Ethics Committee (379/01/
ab/CPCSEA).

Acute toxicity study

Organisation for Economic Cooperation and Development (OECD)
and Office of Prevention, Pesticides, and Toxic Substances (OPPTS)
guidelines (http://www.epa.gov/oppts/home/guideline.htm) were
followed with little modification for conducting acute toxicity study.
Different groups of three mice received varying doses (0.5, 1.5 and
2.5 g/kg; p.o.) of EESC and AESC. Vehicle, i.e., 0.5% carboxymethyl
cellulose (CMC) solution was administered to control group. Rats
were observed for the effect on behavior, 30 minutes after the drug
administration followed for a total of 72 hrs. Observations included
tremor, diarrhea, salivation, convulsions, coma, sleep patterns, lethargy,
mortality and changes in dermatological, ocular, fur, somatomotor,
mucous membranes, circulatory, respiratory, and nervous system [17].

Based on the results of above parameters, varying test doses, i.e., 50, 100,
and 250 mg/kg; p.o. were calculated for further pharmacological
evaluation as per OECD guidelines. The 1/50%", 1/25%, and 1/10" dose
of maximum safe dose (2500 mg/kg) tested in acute toxicity study,
corresponding to 50, 100, and 250 mg/kg, were chosen for further
pharmacological study.

Sco-induced amnesia model

The mice (n=6/group) were divided into different groups for employing
Sco-induced amnesia model [18,19]. Group 1 (control group) was
administered with vehicle, i.e., 0.5% CMC solution (5 mL/kg; p.o.) for
15 days. Group 2 served as Sco per se treated negative control group and
received vehicle for 15 days. Group 3 served as standard per se treated
group and was administered with Dpl (5 mg/kg; p.o.) for 15 days.
Group 4 and 5 served as test per se treated groups and was administered
with EESC and AESC (250 mg/kg; p.o.), respectively, for 15 days.
Group 6 served as standard treated positive control group and received
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Dpl (5 mg/kg) along with Sco. Groups 7-12 served as test treated
groups and received EESC and AESC (50, 100, 250 mg/kg), respectively,
along with Sco. All the treatments were followed for 15 days by p.o.
route. On 15 day of treatment, Groups 1, 3, 4, and 5 were administered
intraperitoneally (i.p.) with water for injection (5 mL/kg), 30 minutes
after the vehicle administration. In Groups 2, 6-12, Sco (0.4 mg/kg, i.p.)
was administered, 30 minutes after the last administration of varying
treatments (vehicle, Dpl, EESC and AESC) to respective groups on the
15% day. All the groups were introduced to the training session (on the
15% day) after 30 minutes of Sco/water injection for acquisition using
different test paradigms, i.e., passive avoidance and elevated plus maze
apparatus (EPZ). Retention was observed after 24 hrs, i.e., on 16" day.
Solution of the Sco (Acros Organics, Belgium) was prepared in the 0.9%
saline solution. Dpl, EESC, and AESC were suspended in 0.5% CMC
solutions.

Evaluation
Memory was evaluated by step down latency (SDL) and transfer latency
(TL) tests using passive avoidance and EPZ apparatus, respectively.

TL test

TL is defined as the time (seconds) a mouse takes to move from the
open arm to any one of the closed arm with all its four legs inside
that arm. TL estimation was done using EPZ apparatus, that served
as the significant model, to evaluate the retention of learned tasks by
the animals. The procedure, method, and end point for this test were
followed using the parameters as described by the earlier evaluators
with few modifications [19,20]. The EPZ consisted of two closed arms
(16 cm x 5 cm x 12 cm), and two open arms (16 cm x 5 c¢cm) joined
to a central platform having dimensions 5 cm x 5 cm. The maze was
raised to a height of 25 cm above the floor. Then, the mice were given
the training session for acquisition by placing them one by one at the
central platform, facing toward the open arm and the TL was recorded
for them individually. Cutoff time for TL observation was 90 seconds.

Before moving the mouse to their cages, they were kept in the maze for
another 2 minutes for exploration of maze. The same procedure was
repeated after 24 hrs of the treatment and retention was examined in
mice.

SDL test

The SDL is defined as “the time (in seconds) an animal takes to step
down from the raised wooden platform to the grid floor with all its
paws on the grid floor” In this test, the passive avoidance behavior
of animal was evaluated using SDL method [19,20]. The step-
down paradigm apparatus consisted of a rectangular wooden box
(27 cm x 27 cm x 27 cm) with inclusion of Plexiglass wall on one side,
a grid floor and a lamp of 15 W illumination. The grid floor was made
up of 3 mm stainless steel rods placed at a distance of 8 mm apart and
a wooden platform (10 cm x 7 cm x 1.7 cm) in the center. An isolated
stimulator was used to deliver an electric shock of 20 V, AC to the grid
floor. Double training sessions were given to the mice for acquisition
by placing them individually on the wooden platform and observed
for their movements. When the mouse moved with all its four paws
on the grid floor, an electric shock was given for 15 seconds and the
SDL was recorded. Only those animals were chosen to be continued
for the second session and retention test; those showed the SDL in
the range of 2-15 seconds. The gap of 90 minutes was kept between
the two training sessions. During the second session, an electric shock
was repeated for the 15 seconds, if the animal stepped down on the
grid floor before the completion of 60 seconds in the apparatus. The
animals, who fail to do so in this defined period, they were removed
from the apparatus and were further subjected to retention test.
Retention (memory) test was done using the same procedure after 24
hrs of the treatment, with the exception of no electric shock applied to
the grid. During this test, an upper cutoff time of 300 seconds was set
and a significant increase in SDL value was considered as an indication
of improvement in memory.
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Statistical analysis

The values were expressed as mean+standard error of mean and were
analyzed using one-way analysis of variance followed by Tukey Kramer
test (Sigma Stat Software, 3.5). In all the tests, the criterion for the
statistical significance was set at p<0.05 for all comparisons.

RESULTS

Acute toxicity study

The EESC and AESC showed no toxicity at a p.o. dose of 2500 mg/kg
as evidenced by our observations. No mortality or abnormal behavior
was observed during the experimental duration. The observations of
acute toxicity studies with its pharmacological behavioral screening are
shown in Table 1.

The 1/50%™,1/25%,and 1/10% doses of maximum safe dose (2500 mg/kg)
tested in acute toxicity study, i.e., 50, 100, and 250 mg/kg were selected
for further pharmacological study as per OECD guidelines.

Effect on TL

There was significant (F[11’60]=28.46, p<0.001) change in TL of mice by
varying the treatment. The Dpl per se treatment (13.84+0.93; p<0.001)
and EESC (250 mg/kg; 18.91+1.14; p<0.05) per se treatment showed
a significant decrease in TL when compared to the vehicle treated
group (23.15%1.30). However, AESC (250 mg/kg) per se treatment
(25.03+1.57) showed no significant change in comparision to vehicle
control group (23.15+1.30). Sopolamine treated negative control group
showed significant (41.66+2.80; p<0.001) increase in TL as compared
to vehicle control group (23.15+1.30). The EESC showed decrease in TL
of mice at different doses, i.e., 50, 100, and 250 mg/kg (p<0.01, p<0.001,
and p<0.05, respectively), as compared to negative control group
(i.e., Sco per se group). The best effect was seen in 100 mg/kg of EESC
treated group (20.94+1.27), and this effect was found to be comparable
to Dpl treated group (13.84+0.93). AESC treated groups showed no
significant change in TL as compared to the Sco treated negative control
group (Fig. 1 and Table 2).

Effect on SDL

There was significant (F(11’60)=14.94, p<0.001) change in SDL of mice
by varying the treatment. The Dpl per se treatment caused significant
(226.43+15.22; p<0.001) increase in SDL when compared to vehicle
control group (154.06+8.69). However, no significant effect was
seen on SDL by EESC (202.93+12.32) and AESC (149.24+9.41) at
250 mg/kg per se treatment, as compared to vehicle per se treated
group (154.06%8.69). Sco per se treated group showed significant
(104.01%£6.99; p<0.01) decrease in SDL when compared to vehicle
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control group (154.06+8.69). The EESC showed increase in SDL of mice
at50 mg/kg (141.66+8.61) and 100 mg/kg (160.45+9.74) dose (p<0.05
and p<0.001 significance level respectively), when compared to Sco
treated negative control group (104.01£6.99). The best effect was seen
in 100 mg/kg of EESC treated group (160.45+9.74), and this effect was
comparable to Dpl treated group (226.43+£15.22). The increase in SDL
of mice was not significant at 250 mg/kg dose of EESC (130.57+9.80),
when compared to Sco per se treated group (104.01+6.99). Varying
doses of AESC did not show a significant change in SDL when compared
to Sco per se treated group (Fig. 2 and Table 2).

DISCUSSION

Previous studies have shown low toxic profile of S. cordifolia in
different studies. Franzotte et al.,, (2000) reported low acute toxicity
of AESC leaves in mice [21]. Rao and Mishra reported that the lethal
dose 50% (LD,,) value for S. cordifolia was higher than 10 g/kg in
rats [22]. High i.p. doses of hydroalcoholic extract of its leaves was
reported to be toxic. LD, value was found to be 2639 mg/kg b.w.
However, oral administration of the extract was found to be safe [23].
Asdaq et al. also reported that methanolic extract of this plant was
safe up to 5 g/kg dose [24]. The aqueous plant infusions were found
to be safe when tested in cytotoxicity study on PC12 cell line using
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide
test [10]. In our study, EESC and AESC showed no toxicity at tested
dose of 2500 mg/kg. The low toxic profile of EESC and AESC was in
accordance with the previous reported studies.

In Sco-induced amnesia model, EESC significantly reversed the Sco
induced amnesia in both TL and SDL tests, whereas AESC failed to
show any reversal of Sco-induced amnesia. The TL test is a neutral
behavioral model which is being used to evaluate learning and memory
in animals [18,19,25]. TL test principle is based on the supposition that
mice prefer the closed arms over the open arms [26]. The SDL test is
useful in measurement of acquisition, memory retention, and retrieval
process [27].

The cholinergic system in the hippocampus and cerebral cortex
plays an indispensible role in learning and memory process [28].
Deficit in cholinergic system may lead to the cognitive impairments
symptoms observed in AD [29]. Sco is a well-known nonselective
muscarinic receptor blocker that induces deterioration of learning and
memory process in animals [18,19]. Sco-induced amnesia model is an
interoceptive behavioral model which is widely cited in the literature
for mimicking human dementia [18,19,25,29]. Transient memory
impairment is observed shortly after Sco administration. The benefit of

Table 1: Pharmacological behavioral screening along with acute toxicity studies of EESC and AESC

Observations Inference

Control EESC AESC

5mL/kg 0.5 g/kg 1.5 g/kg 2.5g/kg 0.5 g/kg 1.5g/kg 2.5g/kg
Mortality - - - - - - -
Coma - - - - - - -

Changes in skin and fur - -
Changes in eyes - -
Changes in mucous membranes - -
Changes in respiratory system - -
Changes in circulatory system - -
Changes in autonomic nervous system activity - -
Changes in CNS activity - -
Changes in somatomotor activity - -
Tremors - -
Diarrhea - -
Salivation - -
Convulsions - -
Sleep - -
Lethargy - -

-: Absence of activity, EESC: Ethanolic extracts of Sida cordifolia, AESC: Aqueous extracts of Sida cordifolia, CNS: Central nervous system
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Table 2: Effect of varying doses of extracts on SDL and TL of mice

Treatment group TL (in seconds) SDL (in seconds)
Control 23.15+1.30 154.06+8.69

Sco per se 41.66+2.80*** 104.01+6.99**
Dpl per se 13.84+0.93*** 226.43+15.22%**
EESC (250 mg/kg) per se 18.91+1.14* 202.93+12.32
AESC (250 mg/kg) per se 25.03+1.57 149.24+9.41
Dpl+Sco 22.59+1.27## 151.71+8.57#

EESC (50 mg/kg)+Sco
EESC (100 mg/kg)+Sco

28.82+1.75%
20.94+1.27##

141.668.61"
160.45+9.74%##

EESC (250 mg/kg)+Sco 31.18+2.34# 130.57+9.80
AESC (50 mg/kg)+Sco 40.532.39 117.60£6.94
AESC (100 mg/kg)+Sco 39.91#2.51 125.82+7.93
AESC (250 mg/kg)+Sco 40.93+1.42 109.65+3.80

*Represents p<0.05, **represents p<0.01, ***represents p<0.001 significant,
when compared to vehicle per se treated control group; *represents p<0.05,
#represents p<0.01, #*represents p<0.001 significant, when compared to Sco
per se treated group. Sco: Scopolamine, Dpl: Donepezil, EESC: Ethanolic extracts
of Sida cordifolia, AESC: Aqueous extracts of Sida cordifolia

AESC in this model might be due to the presence of some specific
phytoconstituents present in EESC, which could be responsible for
its beneficial effect. It is reported to contain number of important

phytoconstituents

having  significant =~ neuropharmacological

importance, e.g., B-sitosterol, ephedrine, phenethylamine, choline,
betaine, asparagine, hypaphorine, vasicinone, vasicine, vasicinol,
sidasterone A, and sidasterone B [9].

CONCLUSION

Pharmacological screening of plant extracts (EESC and AESC) for
Sco-induced amnesia model showed significant ameliorative effect
of EESC over AESC, as observed by the behavioral studies using
TL and SDL paradigms. This ameliorative effect can be attributed
to its antioxidant effect, acetylcholinesterase inhibition, and/or
increase in cholinergic transmission by the EESC, which should be
further explored. It may be concluded from the findings of this study
that EESC has a good therapeutic potential for diseases associated
with memory dysfunctions like in AD. This work is our small step
to enlighten the path of developing newer and more effective
therapeutic leads for this debilitating condition, having national as
well as worldwide interest.
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