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ABSTRACT
Introduction: In the management of neurodegenerative and neuropsychiatric diseases,
memory loss remains very challenging. Saraswatharishtam (SWRT) is an ayurvedic
formulation prescribed for several neurological ailments like acute anxiety, partial memory
loss, slurred speech, neuro-degenerative diseases like Parkinson’s, Alzheimer’s etc. Methods:
Present study explores the possibilities of curative effects of SWRT on Scopolamine induced
memory impairment and to compare the effects of commonly used drug Piracetam. Adult
Wistar Swiss albino mice were used for this experiment and divided into five different groups
for the treatments of the drugs in various combinations. The first group was vehicle treated
control while the second group was treated with scopolamine to induce memory impairment.
The third groups of animals were treated with Scopolamine where the mice were pretreated
with standard neuro-protective drug Piracetam, while the fourth and fifth groups of animals
were treated with scopolamine and the animals were pretreated with SWRT at the doses of
200 and 400 mg/kg respectively to compare with the effect of Piracetam. Scopolamine was
administered on day eight, only for 45 minutes in all the cases (Group I- Group V). Several
neurobehavioral parameters were examined to confirm the neuro-protective effects of SWRT.
Results: Saraswatharishtam significantly reversed the memory loss in mice model as revealed
from elevated plus maze, radial maze and rectangular maze experiments justifying its neuroprotective potential as observed in usually used synthetic Piracetam. SWRT was found to be
nontoxic and very promising antioxidant recorded from acute and chronic toxicological studies.
Conclusions: It is suggested that SWRT, could be used as safe and easily available Ayurveda
medicine to treat neurological dysfunctions without any side effects. Further translational
research is needed to explore its neuro-protective potential.
Key words: Saraswatharishtam, Ayurvedic, Scopolamine, Piracetam, Elevated Plus Maze,
Antioxidant, Neuro-protection.

INTRODUCTION
Memory loss is a common phenomenon and
remains a challenge in management of several
neurological diseases like epilepsy, Alzheimer’s,
neuro-degenerative,
neuro-metabolic
and
vascular disorders of central nervous system
and in psychosomatic disorders. People suffer
from several age related physiological disorders
including learning and memory loss. The incidence,
prevalence, morbidity, mortality and burden of
disease have become increasingly relevant to the
practice of clinical public health and health policy.1,2
SWRT is an Ayurvedic formulation prescribed for
acute anxiety, fatigue, insomnia, partial loss of
memory and low grasping power.3 This herbal brain
tonic is also prescribed for slurred speech, dementia,
certain neuro-degenerative diseases and several
other physiological disorders. In consonance with
previous studies, in which Saraswatha choorna (the
powder form of Saraswatharishtam) was reported
to have antidepressant and anti-anxiety roles, the
present study was conducted. Some reports on
the anti-amnesic roles of plant derived medicines

as compared to Piracetam on scopolamine induced
memory loss in animal models are available.4
Scopolamine is a centrally acting muscarinic
cholinergic antagonist used in animal experiments
to induce memory impairment.5,6 Scopolamine is
commonly used as model for characterization of
potential cognition enhancing drugs. Recently several
studies reported that Scopolamine induced memory
impairment in animal model is closely associated
with the brain.7-10 Piracetam comes under smart
drugs used for neuro-protection on experimental
animals since last three decades.11,12 This drug plays
a critical role in enhancing acetylcholine function
through muscarinic cholinergic receptors and these
receptors play a vital role in memory and learning.
Piracetam enhances cell membrane permeability and
increase oxygen consumption.
The present study deals with comparing the positive
effects of SWRT with the standard drug Piracetem
in Scopolamine induced memory impairment on
animal model. Standardization and evaluation of
scientific efficacy of contemporary and alternative
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medicines is the need of the hour due to their side effects, advent of
MDR infections and unaffordability.13-15 This study encompasses
three major areas viz. toxicity tests of SWRT alone, effects of SWRT
on Elevated Plus maze to find out the recovery of memory loss and
antioxidant properties of SWRT in scopolamine induced memory
impaired mouse model. This knowledge can put forth the efficacy and
validity of such affordable alternative forms of plant based medicine.

MATERIALS AND METHODS
Experimental design
This experiment has conducted on an animal model to study the neuroprotective role of SWRT on scopolamine induced memory impairment
and compare the effect with commonly used drug Piracetam.

Ethical clearance
This study was approved by IAEC (Institution of Animal Ethical
Committee) of KMCH (Kovai Medical Center and Hospital) governed
by CPCSEA (Committee for the Purpose of Control and Supervision
of Experiments on Animals), Government of India. Proposal number:
685/po/02/a/CPCSEA/ DATED 2015/2016.

Ayurvedic medicine and other drugs
Saraswatharishtam (SWRT): Procured from standard Ayurveda
vendor at Chennai, India. SWRT consists of the following plant
ingredients: 1. Bacopa moniera, 2. Zingiber offininale, 3. Anethum
sowa, 4. Operculina ipomoea, 5. Piper longum, 6. Syzygium aromaticum,
7. Acorus calamus, 8. Saussurea lappa, 9. Withania somnifera, 10.
Terminalia chebula, 11. Tinospora cordifolia, 12. Elettaria cardmomum,
13. Terminalia embelica, 14. Cinamomum zeylanicum, 15. Asparagus
racemosus, 16. Pueraria tuberose, 17. Terminalia belerica and 18. Pure
Metallic gold.
Scopolamine: It is a prescription drug usually used to treat Parkinson's
disease and several other symptoms like, nausea, vomiting, caused
by motion sickness. However, it causes memory loss with over dose.
Scopolamine was purchased Alchem Int Pvt Ltd Company, India.
Piracetam: Generally used as memory and cognitive enhancer,
Alzheimer's disease, dementia, and several other neurological
dysfunctions. Piracetam was purchased from Aliud Pharma gmbH
Company.
Treatment Plan: The experiment was divided in to five different groups.
In group I, the animals received normal saline for eight consecutive
days and served as vehicle control (not treated with any drugs). Group
III served as standard and received 200 mg/kg of piracetam (memory
enhancer) for eight consecutive days. Group IV and Group V served
as test animals and received 200 mg/kg and 400 mg/kg of SWRT
respectively for eight consecutive days. On 8th day, after 90 minutes of
all the drug administration, animals from group II, group III, group
IV & group V, were treated with 0.4 mg/kg of Scopolamine once. All
the behavioral data were collected within 45 minutes till 24 hours
depending on the different parameters studied. Each Group consisted
of six animals.

Animals
Healthy adult Swiss Albino mice of both sexes, weight ranges from 25-30
gram of body weight were used as experimental animals following the
OECD (Organization for Economic Co-operation and Development)
423 guidelines. Standard laboratory animal food pellets with water (ad
libitum) was given to maintain the health of the mice. Photoperiod was
maintained as 12L: 12D with a room temperature at 220 C ± 30 C and
humidity at 45-55% where mice were housed.
Pharmacognosy Journal, Vol 12, Issue 3, May-June, 2020

Study parameters
The study was divided into three major components:

Toxicology studies
To find out the toxic effects of SWRT the animals were treated with
three different doses of SWRT (50, 1000 and 2000 mg/Kg body weight)
and tested the acute and chronic toxicity.

Behavioral parameter analysis
To find out the neuro-protective effects of SWRT on scopolamine
induced memory impairment using mouse model.
i. Locomotor Activity tested using actophotometer
ii. Muscle coordination activity using rotarod
iii. Elevated Plus Maze (Hebb Williams Maze - Rectangular Maze) and
Radial Arm Maze use to test the transfer latency and memory errors.

In vivo antioxidant Studies
In vivo antioxidant activities of Catalase (Cat), Super Oxide dismutase
SOD) and Reduced Glutathione (GSH) were conducted to understand
the role of SWRT on these levels of these three enzymes.

METHODOLOGY
Toxicology studies
Acute toxicity studies
Acute oral toxicity refers to adverse effects occurring followed by the
oral administration of different doses of SWRT given within 24 hours.
Followed by a 2 hours period of fasting, animals were weighed and SWRT
was administered orally by dissolving it in water through gavage using
specially designed mouse oral needle at the doses of 50, 1000 and 2000
mg/ kg body weight. Food was withheld for 2 hours after administration
of SWRT, only supplemented with water. The mice were monitored for
the first 30 minutes and periodically every 24 hours. Special attention
was given for the first 1-4 hours after drug administration. Seventeen
different types of behavioural parameters such as alertness, grooming,
touch response, torch response, pain response, tremor, convulsion,
urination, salivation etc., (Supplementary Table 1) were judged to test
the acute toxicity symptoms after SWRT administration.

Chronic toxicity studies
Chronic oral toxicity refers to adverse effects occurring followed by the
oral administration of different doses of SWRT (50, 1000 and 2000 mg/
kg). The mice were followed up for a period of 14 days to check for
chronic toxicity. Chronic toxicity was measured using complete blood
count, organ weight, body weight, water intake, food intake, blood
profile for urea, creatinine, SGOT and SGPT.

Behavioral data analysis
The locomotor activity and motor coordination activity were tested
using actophotometer and rotarod, respectively to evaluate alertness
and muscle coordination (like balance and grip strength). Each
experimental group consisted of 6 animals.

a. Locomotor activity
This study was performed to rule out the negative effect of SWRT on
locomotor behavior of the animals if any. The horizontal locomotor
activities of animals were recorded for a period of 5 minutes using
actophotometer. The locomotor activity of the animals was observed
twice before and 60 minutes after administration of the drug to evaluate
the chronic toxicity of the plant extract.
466
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b. Motor coordination activity
The effect of SWRT on motor coordination was studied using rotarod
experimental system. The rotarod apparatus consists of a metal rod (3
cm diameter) coated with rubber, attached to a motor which rotates at
a speed adjusted to 2 rotations per minute. The animals were trained to
remain for three minutes on the rod rotating at a speed of 25 rpm. The
fall off time from the rod was noted for each animal.

c. Transfer latency (TL) and memory error test
The effects of scopolamine on TL and memory impairments and its
subsequent recovery by piracetam and SWRT were measured using,
(i) elevated Plus Maze, (ii) Hebb Williams Maze and (iii) Radial Arm
Maze.
(i). Elevated Plus Maze: The elevated plus-maze consists of two open
arms (16 × 5 cm) and two enclosed arms (16 ×5×12 cm). The maze was
elevated to height of 25 cm. Mice were placed individually at the end of
an open arm facing away from central platform. The time taken by the
animal to move from the open arm to either of closed arm (Transfer
latency, TL) was recorded. If the animal did not enter into one of the
closed arms within 90 sec, it was gently pushed into one of the two
closed arms and the TL was assigned as 90 sec. The mice were allowed
to explore the maze for another 2 minutes and then were returned to its
home cage. Retention of this learned-task was examined after 24 hours
from the first day trial.
(ii). Rectangular Maze/ Hebb Williams Maze: The Hebb Williams
maze is approximately 60 cm x 60 cm with 10 cm thick walls made
of wood. The Hebb Williams maze is divided into three chambers
(A, B and C). In chamber A, the animal is placed at the beginning of
the experiment, chamber B, the reward is kept and the chamber C,
is partitioned with wooden slats into blind passages, leaving just one
twisting corridor leading from the entry to the reward chamber. The
presence of the animal in a particular chamber is indicated by glowing
of light. The time taken by the animal to reach the reward chamber from
the entry chamber through the maze is measured by the timer attached.
The animals were trained for a period of 8 days and the animals with
lower scores were used for experimental studies. Transfer latency is the
time taken by the animal to reach the reward chamber (B) from the
entry chamber (A). The transfer latency in the maze was measured after
45 min of the administration of Scopolamine and retention of memory
after 24 hours.
(iii). Radial Arm Maze: The Radial Arm maze consists of eight arms
extending in an octagonal shaped central hub (Lister, 1987).16 The
platform is elevated 40 cm above the floor and small receptacles are
placed at the end of teach arm that serves food pellets. The 1st, 3rd, 5th
and 7th arms were baited and 2nd, 4th, 6th and 8th arms were unbaited.

The baited and unbaited arms were fixed throughout the tests. Food
deprived animals, maintained at 85 % of its total diet, were trained for a
period of 15 days. At the beginning of the experiment, the animals were
placed on the central hub to test the animal for working memory and
reference memory errors. The first entry into unbaited arms was scored
as a reference memory error and re-entry into baited arms was scored
as working memory error. The working memory and reference memory
errors were measured after 45 min of administration of Scopolamine.

In vivo antioxidant studies
In vivo antioxidant activities of Catalase (Cat), Super Oxide dismutase
SOD) and Reduced Glutathione (GSH) were conducted by the methods
of Samuel et al (1950); McCord and Fridovich (1969) and Moron et al
(1979), respectively.17-19

Statistical analysis
The statistical analysis was done using GraphPad Prism5. We also
performed one way ANOVA followed by Dunnett’s test and Tukeys
multiple comparison test to find out the differences between control
and treatment groups.

RESULTS
Toxicity study of SWRT
Effect of Saraswatharishtam on Acute toxicity in mice: It was
observed that there was no adverse effect on the behavioral parameters
(Supplementary Table 1) like alertness, grooming, touch response, torch
response, pain response, tremors and convulsions, gripping strength,
pinna reflux, corneal reflux etc. Thus, it is understood that SWRT does
not have any acute toxicity effect on the behavioral patterns of mice.
Effect of SWRT on Chronic toxicity in mice: Ayurveda medicine,
SWRT does not shown any adverse effects when treated the mice with
three different doses (50, 1000 and 2000mg / kg body weight). The
results of the differential count of the blood has not affected with SWRT
(Table 1). It was also observed that there were no significant changes in
organ weight, food intake, water consumption and whole body weight
upon administration of SWRT (data not shown). The vital biochemical
parameters in blood like, blood urea, creatinine, Serum GlutamicOxaloacetic Transaminase (SGOT) and Serum Glutamic-Pyruvic
Transaminase (SGPT) does not reveal any noticeable changes when the
animals were treated with all the three doses of SWRT (Table 2). To find
out the effect of SWRT on locomotor activity we treated the animals
with two different doses (200 mg/kg and 400 mg/kg) in lieu of the doses
we usually used. We did not find any noticeable changes in locomotor
activity of the SWRT treated mice after 60 minutes of the drug
administration when compared to the saline injected controls (Table 3).

Table 1: Effect of SWRT on differential blood count of mice.
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Test

Control

RBC

6.86 ± 0.15

WBC

11.35 ± 0.14

HB

15.77 ± 0.56

NEUTROPHILS

19.33 ± 0.98

LYMPHOCYTES

73.00 ± 2.80

MONOCYTES

5.16 ± 0.30

EOSINOPHILS

2.33 ± 0.66

50mg/kg
7.05 ± 0.17
(NS)
11.22 ± 0.82
(NS)
16.07 ± 0.85
(NS)
18.33 ± 0.71
(NS)
69.00 ± 3.77
(NS)
5.66 ± 0.61
(NS)
2.16 ± 0.60
(NS)

1000mg/kg
6.83 ± 0.51
(NS)
11.66 ± 0.34
(NS)
16.30 ± 0.83
(NS)
18.50 ± 0.76
(NS)
69.17 ± 2.42
(NS)
4.83 ± 0.65
(NS)
2.16 ± 0.60
(NS)

2000mg/Kg
6.64 ± 0.19
(NS)
11.02 ± 0.77
(NS)
16.08 ± 0.77
(NS)
18.67 ± 1.11
(NS)
71.17 ± 2.53
(NS)
5.50 ± 0.56
(NS)
2.00 ± 0.81
(NS)
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Also, we did not find any adverse effect on muscle coordination activity
in SWRT treated animals and exhibited good balance, grip strength and
muscle coordination as shown in (Table 4).

of these antioxidant enzymes and possibly could restrict generation of
free radicals and subsequent neuronal damage due to its antioxidant
potential.

Neuro-protective function of SWRT

Values are expressed as the mean ± S.E.M. Statistical significances (p
values) calculated by one way ANOVA followed by Dunnett’s Test (P<
0.05) to compare the differences between control VS different treatment
groups. SWRT have no side effect on the differential counts of blood in
mouse model (NS= Not significant).

Effect of SWRT on TL using Elevated Plus maze: The elevated
maze test was conducted to evaluate the preventive effect of SWRT
on scopolamine induced learning and memory impaired mice. It was
observed that scopolamine treated mice took longer time to locate
the target on both the days studied (Figure 1a) so far due to the onset
of amnesia. Both the doses of SWRT (200, 400 mg/kg) significantly
improved the learning and memory functions perturbed upon exposure
to scopolamine. However, the standard drug piracitam improved the
TL faster than SWRT. The TL was almost similar as control animals
with time (day 9) when treated with higher dosage of SWRT (400
mg/kg). This specify that SWRT have the potentials to amliorate the
scopolamine induced memory impairment in mice.

Values are expressed as the mean ± S.E.M Statistical significance (p
values) calculated by one way ANOVA followed by Dunnett’s Test (P<
0.05) to compare the differences between control VS different treatment
groups. SWRT does not alter any values of the blood parameters studied
(NS= Not significant).
Values are expressed as mean ± S.E.M. Statistical significance (p values)
was calculated by one way ANOVA followed by Tukey’s multiple
comparison test. Locomotor activity does not alter significantly (NS =
Not Significant) after the treatment of SWRT.

Effect of SWRT on LT using Rectangular maze: The pretreatment of
SWRT with both the doses, showed significant improvement of transfer
latency performance which was negatively affected by scopolamine
(Figure 1b). However, the performance at the dose of 400 mg/kg found
to be better than the lower dose of SWRT (200mg/kg) used for this
experiment. It is interesting to note that piracetam has improved the
performance levels well beyond the normal transfer latency on 8th and
9th day respectively.

Values are expressed as mean ± S.E.M. Statistical significance (p values)
was calculated by one way ANOVA followed by Tukey’s multiple
comparison test. SWRT treatment has no adverse effect on muscle
relaxation (NS = Not Significant).
Seventeen different types of normal behavioral and phenotypic
attributes were studied after exposed the mice with SWRT and there
were no toxic effect was recorsed.

Effect of SWRT on Memory error: The results of the working and
reference memory errors test indicated that pretreatment with both
the doses of SWRT significantly inverse the memory deficit induced
by scopolamine (Figure 1c). Higher dose of SWRT even perform better
and similar as piracetam.

DISCUSSION
Indian traditional systems of medicines, Ayurveda and Sidhha are
time tested and are in vogue since ages. Scientific validation however,
is very important of this medication system. Ayurveda medicines are
natural, easily affordable and easily available with less or no side effects.
Scopolamine is a well-known synthetic drug which provoke learning and
memory impairment while piracetam used as a pharmacological tool

Effect of SWRT on antioxidant enzyme activity: In vivo antioxidant
studies indicated that SWRT has excellent in vivo antioxidant activity
with respect to all the three enzymes namely, SOD, CAT and GSH
(Figure 2a, b and c). We observe SWRT significantly restore the activity

Table 2: Effect of SWRT on different blood parameters like urea, Creatinine, SGOT and SGPT in mouse model.
Test

Control

Urea

23.03 ± 0.75

Creatinine

0.40 ± 0.01

SOT

109.0 ± 3.18

SGPT

40.00 ± 1.59

50mg/Kg
22.49 ± 0.80
(NS)
0.38 ± 0.02
(NS)
113.2 ± 4.41
(NS)
41.00 ± 1.18
(NS)

1000mg/Kg
21.91 ± 0.86
(NS)
0.39 ± 0.01
(NS)
111.2 ± 2.54
(NS)
38.83 ± 1.57
(NS)

2000mg/Kg
23.48 ± 0.90
(NS)
0.41 ± 0.01
(NS)
112.8 ± 3.10
(NS)
40.33 ± 1.92
(NS)

Table 3: Effect of SWRT on locomotor activity.
Group

Dose

Normal

Saline

Test I

200mg/kg

Test II

400mg/kg

Locomotor Activity
Before
After 60 min
332.83 ± 12.07
349 ± 11.17
355.66 ± 13.16
354 ± 14.59
(NS)
(NS)
355 ± 11.39
348.66 ± 12.47
(NS)
(NS)

Table 4: Effect of Saraswatharishtam on muscle relaxation.
Group

Dose

Normal
Test I
Test II

Saline
200mg/kg
400mg/kg

Pharmacognosy Journal, Vol 12, Issue 3, May-June, 2020

Before
218.6 ± 10.18n
212 ± 8.93
224.5 ± 5.20 ns

Fall off time (sec)
After 60 min
219.6 ± 7.31
228.66 ± 14.28
225.5 ± 11.18
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Figure 1: Saraswatarishtam ameliorates scopolamine induced defects in transfer latency (on elevated puls maze (a) and rectangular puls maze (b)) and
memory errors (c). a = p< 0.001 (control VS Scopalamine); * = p< 0.001, ** = P< 0.005 (Scopalamine VS piracetam/ Saraswatatishtam). Each mean value is the
average of at least six animals.
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Figure 2: Saraswatarishtam rescues from scopolamine induced decline in antioxidant enzyme activity (a) SOD, (b) CAT and (c)
GSH. a = p< 0.001(control VS Scopalamine);* = P< 0.001 (Scopalamine VS piracetam/Saraswatatishtam).

to evaluate the effects of cognitive enhancers on learning and memory
deficits.20 In this study the effect of scopolamine on neurobehavioral
dysfunction is assessed by observing the duration of transfer latency,
working memory errors, reference memory errors using elevated plus
maze, rectangular maze, and radial arm maze. We observed severe
behavioral defects and memory deficits as side effects of scopolamine
in the mouse model within 24 hours of the treatment. Present study
indicated that pre feeding of SWRT at dosages of 200 and 400 mg/kg
exhibited very satisfactory improvement by reducing its duration of
transfer latency together with a refinement in memory deficit induced
by scopolamine (working memory errors and reference memory
errors). The study also proves that this drug has in-vivo and in-vitro
antioxidant activities. Also, we did not find any toxic effect or side effects
of SWRT when treated alone to test the toxicity, performing several
pathophysiological and behavioral tests. The information concerning
the validations of such plant medicine on neuro-protective function
of SWRT are not much available. Recently two major biomolecules,
469

namely eugenol and serine were found to be predominantly present
in SWRT.21 Interestingly these two bioactive molecules are reported
as neuro-protective and neuroplastic molecules (FAO Report, 1982;
Wang et al, 2010).22, 23 Eugenol exerts a neuro-protective potential
against brain induced toxicity as demonstrated by reducing neuronal
cell damage of cerebral cortex and preservation of small pyramidal cells
of the hippocampus.24 In addition, direct neurotrophic effect of eugenol
was also previously reported by inducing brain derived neurotrophic
factor (BDNF) gene expression in the hippocampus.25 This compound
also have ability to inhibit monoamine oxidase A (MAO-A) and help to
restore monoamines in the brain.
Piracetam comes under smart drugs used for neuro-protection on
experimental animals since last three decades. This plays a critical
role enhancing acetylcholine function through muscarinic cholinergic
receptors and these receptors play a vital role in memory and learning.
Piracetam exerts its action by enhancing cell membrane permeability
Pharmacognosy Journal, Vol 12, Issue 3, May-June, 2020
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and increase oxygen consumption by elevating the adenylate kinase
activity in brain.26,27 This drug mainly used to treat a wide range
of neurological abnormalities like seizures, epilepsy, myoclonus,
dementia, myoclonus or Alzhemier’s disease, multi infarct dementias,
senile dementia, alcoholism, Parkinson’s diseases etc. It has reported
that piracetam produces neuro plasticity and it enhances memory and
learning process thereby preventing lesions and ischemic damages. It
also has anti-convulsion activity and enhances micro circulation and
can be used as therapy in cerebral ischemia. Piracetam being a synthetic
chemical have some side effects with over doses. Thus, we conclude
from our findings that SWRT could be used as an alternative medicine
to treat learning and memory deficits, as this natural plant product
have no side effects. We also suggest, SWRT is a promising medicine in
prophylaxis and treatment of neuropsychiatric and neurodegenerative
diseases. Although there are reports on the anxiolytic and antidepressant
activities of SWRT, there is a dearth of information regarding the effect
of Saraswatharishtam on memory function and therefore the present
study encompasses its role on various neurobehavioral parameters in
animal model.
The nervous system is a complex cellular network composed of as
many as 10 billion neurons and 60 trillion synapses that mediate
inter-neuronal communication. Each neuron can be regarded as a
component in a complex system of highly specialized, distinct neural
circuits.27 Every aspect of behavior, from primitive reflexes to abstract
thinking and emotion, relies on the precision of the computational
processes performed by these circuits, which in turn is critically
dependent on healthy excitatory and inhibitory systems..29 Thus,
excitatory to inhibitory cortical activity and its imbalance could
explain the etiology of cognitive defect in various neurological diseases
like autism, schizophrenia etc. It is noteworthy to mention that like
piracetam, SWRT may also have nootropic properties indicating its
ability to interact with target receptors in the brain which need further
investigations.
Both the drugs, piracetam and SWRT, have the capacity to ameliorate
memory errors, cognitive enhancement and anti-depressive and
anxiolytic effects. We observed that piracetam extremely reduces
the latency period (in rectangular maze and working memory
errors) compared to normal saline fed animals showing over cortical
excitability of the brain function. This over excitability could lead to
physio-pathological fatigue to the brain. However, SWRT reverses the
scopolamine induced temporary defects to normal level as reflected in
the values in rectangular maze, radial arm maze experiments. Thus,
SWRT could be safe to use for neurological dysfunctions including
memory loss without any after effect or side effects in the animals.
Formation of memory is a very complex process involving multiple
neuronal pathways and neurotransmitter. The cholinergic neuronal
system is known to play an important role in memory in human
and animals.29 Scopolamine interferes with memory function and
causes memory impairment of spatial memory and SWRT manifest
improvement in working and reference memory in radial arm maze
task. Working memory is important for reasoning and guidance of
decision making and behavior. It temporarily holds the information
available for processing. Working memory and reference memory are
the two variables that report the physiological status of the brain and
this suggest the increase in the behavioral parameters which again
proves that SWRT has the ability to sustain memory and promote
learning and memory performance,30
Radial arm maze performance is an appetitive motivation task that is
useful to assess the spatial reference as well as spatial working memory
performance.31, 32 Results of this study showed that pretreatment (oral
administration) of SWRT significantly prevented the higher reference
memory and working memory errors. These finding furthermore
suggests that SWRT ameliorates the memory impairment in mouse
model.
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Reactive Oxygen Species (ROS) are generated continuously in nervous
system during normal metabolism and neuronal activity. The nervous
system is particularly vulnerable to deleterious effects of ROS since the
brain has high consumption of O2, polyunsaturated fatty acids and, high
content of free ions. The oxidation of monoamines and catecholamines
can lead to ROS production in the brain. During this oxidative process,
the level of glutathione (GSH), catalase and SOD enzymes level used
to be decreased in the brain. In this study it is evident that SWRT is
able to scavenge ROS by its anti-oxidative activities and thus regulate
the endogenous antioxidant defense mechanism. Antioxidant property
is a basic character of the traditional herbal preparations and has
neuroprotective and or neuroregerative roles by reversing or reducing
cellular damage and retarding the progression of neuronal loss.33,34 The
in vivo antioxidants study augurs well with similar report on the in vitro
antioxidant role of SWRT was reported.35
Thus, it is evident that SWRT restores the negative effect of scopolamine
slowly but steadily when compared to that of commonly used drug
piracetam. It could be stated that SWRT, being a slow acting medicine
could help to minimize the adverse effect of other major drugs like
tricyclic antidepressants (TCAs), monoamine oxidase inhibitors
(MAOIs) and the newer agents like selective serotonin reuptake
inhibitors (SSRIs) and selective norepinephrine reuptake inhibitors
(SNRIs) etc. The superiority to use of the Ayurvedic medicines is their
ability in restoration of health due to their less side effects as compared
to synthetic medicines. Taken together, we suggest that SWRT could
be consider as a potent neuro-protective drug with no adverse effect
on health.

CONCLUSIONS
In vivo antioxidant activity results strongly indicate the antioxidant
properties of SWRT which augurs well with medicinal activities
especially reinstate memory and learning function. The study
justifies the potential of SWRT to ameliorate memory impairment
with non-toxicological property in scopolamine induced rat model.
Pharmacological and translational research is needed to explore the
molecular mechanisms behind the neuro-protective functions of
SWRT. It is suggested that the coupling of Ayurvedic formulations, after
due confirmation, with molecular medicinal regimens to have better
results in managing neuro-degenarative and neuropsychiatric diseases.
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GRAPHICAL ABSTRACT

SUMMARY
Sarasawatharistham (mixture of 18 different types of Indigenous plants), an Ayurvedic preparation found to be a potential neuroprotective tonic when treated to the scopolamine induced memory impaired mice model without showing any acute or chronic
side effects. The positive effects of such plant derived medicine on memory loss are very much comparable with the synthetic
neuro-protective medicine Piracetam, which have several side effects on human health. We suggest that SWRT could be a safe
and easily available Ayurvedic medicine to treat neurological dysfunctions.
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