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Learning and Memory Enhancing Effects
of BacolLive® (An Enriched Composition of
Bacopa monnieri Extract) in Scopolamine

Induced Memory Impaired Mice

Abstract

Objective: The objective of this study was to evaluate the learning and memory
enhancement activity of BacoLive® (a composition enriched with bacosides from
Bacopa monnieri) in various experimental models i.e., passive shock avoidance
test, Y- maze test and novel object recognition test.

Methodology: BacolLive® was administered for 7 days at the dose of 100, and 200
mg/kg to mice in passive shock avoidance test, Y-Maze test and in novel object
recognition test. Scopolamine (0.5 mg/kg) was used to induce memory (amnesia)
loss and piracetam (200 mg/kg) served as reference standard. After 7 days,
cognitive and memory scales were measured as per standard test protocols.

Results: In the passive shock test for memory, BacoLive ® reduced the latency to
reach the shock free zone compared to amnesia induced group. In the Y-maze
test, the number of arm entries failed to memorize the new space was decreased
with Bacolive ® group compared to amnesia induced group. In the new object
recognition test, BacolLlve ® improved the percentage preference for new object
recognition compared to amnesia induced group.

Conclusion: Based on the present study and findings, Bacolive® demonstrated
learning and memory enhancing effects and reversed memory loss effects
induced by scopolamine in mice, which suggest its beneficial role in conditions
associated with memory and learning dysfunctions. Study indicates that bacopa
extract justifies its traditional use in Ayurveda for memory related complications
associated with neuro degeneration and stress.
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Introduction

Cognition is a term referring to the mental processes involved
in gaining knowledge and comprehension, including thinking,
knowing, remembering, judging, and problem solving. These
are higher-level functions of the brain and encompass language,
imagination, perception, and planning [1]. Cognitive impairment
is one of the major health problems in normal aged life as well
as in some neurological disease conditions like Alzheimer’s,
stroke and Parkinson [2]. The short term or working memory in
humans and animals can be disrupted by anticholinergic drugs,

like scopolamine, which blocks muscarinic receptors in brain
regions. Scopolamine frequently used as amnesic agent for
evaluation of anti-amnesic effect of new drugs. In view of the
adverse effects of synthetic drugs [3] there is search for natural
agents which are safe, effective and may provide a new source of
beneficial neuro psychotropic drugs [4]. There are Several studies
showing the neuro protective or cognition-enhancing properties
of natural products and their components in in vivo and in vitro
experimental models [5,6]. Bacopa monnieri (Known as water
hyssop and Brahmi) is a creeping perennial herb with small oblong
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leaves and native to wetlands of southern and Eastern India. It
belongs to Plantaginaceae family. Bacopa monnieriis well known
in traditional ayurvedic medicine and used to alleviate variety of
disorders including neuronal stress [7]. The entire plant is used
medicinally in Ayurveda and was initially described. in texts such
as the Charaka Samhita, and Sushruta Samhita as a medhya
rasayana class of herb, taken to sharpen intellect and attenuate
mental deficits. [8]. Bacosides are the major constituents of B.
monnieri and these actives were found to ease the learning and
memory in normal rats and found to inhibit the amnesic effects
induced by scopolamine, electroshock and immobilization stress
[9]. The cognition facilitating activity of B. monnieri extract
is attributed to the saponins, Bacosides (Figure 1), which are
effective in much lower doses in various studies. In another
study, improved anticholinesterase and anti-dementic activities
in scopolamine induced amnesic mice are shown by B. monnieri
extract [9]. In addition, B. monnieri possesses antioxidant [10,11]
anti-stress [12] anti-fatigue [13] memory enhancing, anxiolytic
[14] and neuroprotective properties [15]. Hence, the current
study was undertaken to explore the anti-amnesic effects of
Bacollve® on scopolamine-induced amnesia in various learning
and memory test models.
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Materials and Methods

Botanical Identification of B. Monnieri

The identity of this plant was confirmed by taxonomists. The
voucher specimen sample of B. Monnieri was deposited in
Phytochemistry R&D Dept at Olive Lifesciences Pvt. Ltd.

Preparation of test substance BacolLive®

Study material Bacolive® is prepared from whole herb of Bacopa
monnieri (Figure 2a) by using aqueous ethanol extraction process.
Bacolive® is standardized to contain at least 50% of Bacosides
by HPLC (USP method). Dried herb (Figure 2b) is ground until it
becomes a coarse powder, extracted using aqueous ethanol 70%,
stirred at 60-65°C for 2-3 h and filtered. Extraction continued
for 3 more cycles and combined extracts are then filtered under
vacuum and evaporated using a rotary evaporator at 50-60°C to
obtain a viscous extract. The extract is then washed to remove the
resinous/Chlorophyll impurities. Further the extract is purified
selectively for enrichment of Bacosides, filtered and wet cake was
dried at 60-70°C under vacuum to become powder. This product
(Figure 2c) is further standardized to contain 50% Bacosides by
HPLC.
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Figure1 Chemical constituents of Bacopa monnieri.
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Figure 2 a) Bacopa Fresh herb, b) Bacopa dried herb and c) BacoLive® extract.
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Standardization of BacolLive®

Extraction and purification processes are standardized for
BacolLive®. Analytical method (USP) was standardized by HPLC.
The triterpene glycosides in Bacopa extract are reported as the
sum of Bacopaside |, Bacoside A,, Bacopaside II, Jujubogenin
isomer of Bacopasaponin C (Bacopaside X) and Bacopasaponin
C and are quantified by using HPLC method. The peaks were
separated by a Gradient elution in Shimadzu 2010 HPLC with UV/
PDA detector at 205 nm using a C18, 250 x 4.6 mm, 5 p Thermo
BDS column. Column temperature is set at 27°C. Mobile phase
(Acetonitrile: water: Phosphoric acid, 90:10:0.1) and 20 uL of
standard and samples are injected with a run time of 30 min. The
peaks 1-5 represent the bacosides as shown in the (Figure 3). In
addition to these compounds, Bacolive® also consists of other
compoundsi.e., Bacopasides N1, N2, Ill, IV, V and Bacopasaponins
F and E, which are seen as additional peaks in the chromatogram.
Polyaromatic hydrocarbons (PAHs) are tested by GC-MS and
ensured that Bacolive® is complying with European regulations.
Residual solvents are tested by GC-HS and ensured that BacoLive®
complies with European Pharmacopoeia

Chemicals and reagents

Scopolamine was obtained from German Remedies and standard
Drug Piracetam capsules obtained from Micro labs, Bangalore.
Test Substance, BacolLive® was obtained from Olive life sciences
Pvt. Ltd, Bangalore.

Experimental animals

Total 30 Swiss Albino mice of either sex were supplied by an
accredited supplier and were divided into 5 groups. Each group
containing 6 animals were used in present study. The animals
were housed in groups of three in polycarbonate cages with
paddy husk bedding. The diet and drinking water were free from
any contaminants which might affect the purpose or integrity of
the study. The temperature and humidity were set to achieve
limits of 18-23°C and 40-70% respectively with 12 hr light and
dark cycle.

Grouping and treatment protocol

In passive shock avoidance test, Y- Maze test and Novel object
recognition test, mice in 5 groups of six each were used. Groups
are divided as follows.

Group |: Control

Group II: Control + Scopolamine (0.5 mg/kg/I.P.) (Memory loss
induced group)

Group lll: Control + Scopolamine (0.5 mg/kg/I.P.) + Piracetam
(200 mg/keg)

Group IV: Control + Scopolamine (0.5 mg/kg/I.P.) + BacolLive®
extract (100 mg/kg)

Group V: Control + Scopolamine (0.5 mg/kg/I.P.) + BacolLive®
extract (200 mg/kg)

In passive shock avoidance test, Y- Maze test and Novel object
recognition test, Group | was considered as control. Group Il
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was injected with scopolamine on 8" day to induce memory
loss. Group Ill, IV & V were treated with Scopolamine Hydro
bromide (0.5 mg/kg; I.P) 45 minutes prior to administration of
test substance/ standard drug (Piracetam 200 mg/kg; I.P). Drug
treatment was given to all groups for 8 days.

Passive shock avoidance test for long-term
memory

The passive shock avoidance test was used to examine the long-
term memory of animals. Passive avoidance training was done
as follows. The mice were put individually on the electric grid
and allowed to explore for 1 min. The electric shock (20v) was
then applied and latency to reach SFZ recorded three consecutive
times as basal readings. Animals that reached the SFZ in 2 min in
the first trial were selected for the study. After | hr of the training,
each animal was put on the electric grid again and the latency
to reach SFZ and the number of mistakes (descents) the animal
made in 15 min were recorded as parameters for acquisition and
retention respectively [16].

Method: Grouping and treatment followed as per the protocol.
On the 8th day, mice were placed individually on the electric grid
and allowed to explore the maze for 1 minute. 90 minutes after
administration of test/standard substance, the stimulus (20 V)
with AC current of 5 mA was applied and latency to reach the
shock free zone (SFZ) was recorded. Retention of this learned
task (memory) was examined 24h after the last dose (i.e., 9th
day). Significant reduction in latency to reach SFZ indicated
improvement of memory.

Y-maze test for spatial working memory

The Y-maze test is used to measure spatial working memory
through spontaneous alteration of behaviour in mice. The Y-maze
is a three-arm maze made of black painted wood with an angle
of 120° between each of the two arms (Figure 4). Each arm is
40 cm long, 3 cm wide and 13 cm high. The three identical arms
are randomly designed: start arm, in which the animal starts to
explore (A); reward arm, with food stimuli (B) and other arm
(C). Each rat was initially placed at the end of arm A, allowed to
move freely and the sequence and number of arm entries were
recorded manually over 8 min period. Rats tend to explore the
maze systematically, entering each arm in turn. The ability to
alternate required that the rats knew which arm they had already
visited. The percentage of triads in which all three arms were
represented, i.e., ABC, CAB, or BCA but not BAB, was recorded
as an ‘alteration’ to estimate short term memory. Arms were
cleaned with water spray between tests to remove odors and
residues. The number of arm entries was used as an indicator of
loco motor activity [17].

Method: Grouping and treatment followed as per the protocol.
On day 8, after 30 minutes of amnesic agent induction, trails were
taken on Y-maze and retention was observed on 8th and 9th day.
Briefly, each time animal was placed just inside arm B facing away
from centre and allowed to move through apparatus for 8 min,
while being monitored by tracking system. Trial was terminated
at the specified time duration. Each arm entry (defined as all
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Figure 3 A representative high performance liquid chromatography shows the elution profile of Bacosides in Bacolive © at
205 nm. The peaks 1 to 5 represent Bacopaside |, Bacoside A,, Bacopaside Il, Jujubogenin isomer of bacopasaponin C
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four paws entering arm) was scored and recorded. Animals were
returned to home cage and number of fecal pellets was counted
in the Y-maze and data was recorded. Y-Maze was cleaned with
alcohol between trials of each animal.

Novel object recognition test

Novel object recognition (NOR) test is one of the best-known
tests used for assessing recognition memory in rats and mice.
It has become increasingly useful tools for basic and preclinical
research investigating the neural basis of memory. The apparatus
consists of a Plexiglas box is 40 cm x 40 cm x 40 cm. The colour
of Plexiglas is frosted white or transparent. The size of objects is
4 cm x 4 cm x 4 cm approximately. The shape of objects is simple
like the building blocks. The objects made by wood, metal or
hard plastic are preferred, because those are resistant to biting
demolition [18] (Figure 5).

Method: Grouping and treatment followed as per the protocol.
The mice were treated as per manipulated environment for
decreasing their stress. Mice were first transported to preparing
area located near the operative space for 10 min. Then the mice
are put into the apparatus for analysis for 10 min to acclimate.

This procedure is carried out for two days. On day 3 (training
day), similar to Day 1 and 2, mice were first transported to
preparing area located near for the operative space for 10 min.
Two identical objects were placed in the boxes for mice to explore
for 10 min. On day 4 (Testing Day) all the processes were same
as the Day 3, except that one of old objects is randomly replaced
with a new different object. The exploration time were counted
by the period that mice stay near the new object. If the total of
exploration time found less than 20 sec, mouse were likely under
the stress and data should be excluded. All groups are stressed
and tested for exploring new object. Time spent on exploring new
object by each group of animals is noted. Results are interpreted
based on % increase in time in exploring the new object by STD
& treatment group. This indicates ability of each group animals
to explore new object recognition under stressed condition. The
preference rates were measured by dividing the total exploration
time by the time to explore object. The formula to calculate the
object preference is:

time to explore the individual object

The preference % = x100

Total exploration time to objects

4 This article is available in: https://www.imedpub.com/phytomedicine-and-clinical-therapeutics/
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Results

Passive shock avoidance test for recall memory

Scopolamine (0.5 mg/kg, |.P.) significantly increased (p< 0.01)
latency to reach Shock Free Zone SFZ as compared to control
group indicating impairment of memory. Bacolive® (100 and
200 mg/kg p.o) administered for 8 days reversed the amnesia
induced by scopolamine and improved memory as evidenced by
dose dependent decrease in latency to reach SFZ when compared
to scopolamine group. The group of mice treated with standard
non tropic agent Piracetam (200 mg/kg, I.P.) showed reversal of
amnesia induced by scopolamine and improved memory which is
evident by decrease in latency to reach SFZ (Table 1).

Y- Maze Test for spatial memory

Group Il exhibited a higher spontaneous alteration (repeated
arm entry to old space), elaborating the amnestic effects of
scopolamine, which indicates number of animals failed to
memorize the new space are more. For Group lll, 1V & V there
was a decrease in number of arm entries indicating that amnesic
effects are decreased in a dose dependent manner (Table 2).

Novel object recognition test

Scopolamine (0.5 mg/kg, I.P.) significantly decreased the
percentage of mice exploring the new object, indicating
impairment of memory. The mice treated with Groups llI, IV
& V showed reversal of amnesia induced by scopolamine and
improved memory which is evident by increase in tendency to
recognize the new object in a dose dependent manner (Table 3).

Discussion

Brain health can be affected by stress, age-related changes
in the brain, injuries such as stroke or traumatic brain injury,
mood disorders such as depression, substance use or addiction,
diseases such as Alzheimer’s, insomnia and unhealthy lifestyle
habits [19]. The process of storing sequence of information
in a systematic manner by which one becomes aware of their
surroundings, objects and thoughts is known as Cognition [20].
In normal aged life as well as in some neurological disease
conditions like Alzheimer’s, Cognitive impairment is one of the
major health problems. The degeneration and dysfunction of

© Under License of Creative Commons Attribution 3.0 License

Table 1 Effect of BacoLive ® on the latency to reach Shock Free Zone in
passive shock avoidance test model in Swiss albino mice.

Latency to reach SFZ

Group Treatment

(Sec)
I Control 15.7
Control + Scopolamine (0.5 mg/kg/
1l . . 36.3
i.p.) (memory loss induced group)
" Control + Scopolamine (0.5 mg/ 172
kg/i.p.) + Piracetam (200 mg/kg)
" Control + Scopolamine (0.5 mg/kg/ 312
i.p.) + Bacolive ® extract (100 mg/kg)
v Control + Scopolamine (0.5 mg/kg/ 243
i.p.) + BacoLive ® extract (200 mg/kg)

cortical cholinergic neurons are closely associated with cognitive
dysfunction [21]. Memory tests are important indexes of the
brain functions for rodent’s behavior assay. Many memory
tasks require external forces (e.g., electric shocks) or intrinsic
forces (e.g., hunger and thirstiness) to trigger the responses.
Under these conditions, rodents are under stress such as pain,
tiredness, malnutrition or dehydration which potentially affects
the natural neural responses. Effect of agents on memory process
and learning can be evaluated in in-vivo studies by using various
experimental models like Mazes that are presently available.
Spatial long-term memory in experimental animals is measured
by Y- maze [22,23].

The long-term memory based on negative reinforcement is
examined by Passive avoidance behaviour [24]. Non-spatial
memory with the features of episodic memory is measured by
Object recognition test [25]. In the present study, the learning
and retention in all the models tested in normal mice found to
be improved by using Bacolive®. These findings are supported
by earlier studies in literature in which the alcoholic extract of
B. monnieri and its bacosides constituents have shown similar
effects in animal models [26,27]. In addition, BacoLive® also found
to protect the animals from scopolamine induced impairment in
learning and memory. This is evident from the reports showing
scopolamine induced amnesia was inhibited by the extracts
of B. monnieri [28-30]. These results indicate that BacoLive®
can be used for improving memory. Also, the Protective effect
of BacolLive® on scopolamine induced amnesia indicates its
usefulness in neurodegenerative diseases.
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Table 2 Effect of BacolLive ®on reduced number of arm entries compared to amnesia group in Y- Maze test model in Swiss albino mice.

Group Treatment Number of arm entries
| Control 24
Il Control + Scopolamine (0.5 mg/kg/i.p.) (memory loss induced group) 31
[ Control + Scopolamine (0.5 mg/kg/i.p.) + Piracetam (200 mg/kg) 17
IV Control + Scopolamine (0.5 mg/kg/i.p.) + BacoLive ® extract (100 mg/kg) 27
Vv Control + Scopolamine (0.5 mg/kg/i.p.) + BacoLive ® extract (200 mg/kg) 22

Table 3 Effect of BacoLive® on percentage preference for new object recognition compared to amnesia group in Swiss albino mice.

Group Treatment % Preference for New object recognition
| Control 66.00
Il Control + Scopolamine (0.5 mg/kg/i.p.) (memory loss induced group) 58.90
I} Control + Scopolamine (0.5 mg/kg/i.p.) + Piracetam (200 mg/kg) 65.97
\% Control + Scopolamine (0.5 mg/kg/i.p.) + BacoLive ® extract (100 mg/kg) 62.52
\Y Control + Scopolamine (0.5 mg/kg/i.p.) + BacoLive ® extract (200 mg/kg) 64.61
Conclusion monnieri extract (Bacolive®) using a scientific approach, which

Based on the present study and findings, BacolLive® demonstrated
its effectiveness in learning and memory enhancing effects and
reversed cognitive deficits induced by scopolamine in mice, which
suggests its beneficial role in conditions associated with memory
dysfunctions. Current study is an attempt to revalidate Bacopa
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