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ABSTRACT

Background: Artocarpus altilis is an evergreen plant having a variety of medicinal values due to
the presence of compounds like cyclopropane sterols, quercetin, camphorol, artocarpine, and
many more. The fruits typically contain cycloprane sterols. Objectives: The present study was
carried out to evaluate the nootropic potential of the ethanolic extract of the fruits of Artocarpus
altilis (EFAA). Materials and Methods: The nootropic activity was evaluated using various
models. The animals were divided into eight groups (n=6) consisting of normal control, amnesic
control (scopolamine: 1mg/kg), standard drug (piracetam, 200mg/kg), extract, piracetam with
scopolamine and three test groups (200, 400 and 800mg/kg, orally). Various in vivo models like
Elevated Plus maze, Hebb-William's Maze, and Y-maze were used to evaluate the nootropic
potential of EFAA. The brain was isolated, homogenized, and used for biochemical analysis
like percentage inhibition of brain Acetylcholinesterase enzyme using Ellman's method and
microplate array method. Results: The study revealed that EFAA has significant dose-dependent
nootropic activity. A significant decrease in Initial transfer latency, retention transfer latency, the
total number of arm entries and AChE enzyme activity, and an increase in percentage alteration.
Conclusion: The findings from the present study suggest that EFAA demonstrated a nootropic
effect.
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INTRODUCTION

Nootropic drugsare also called smart drugs or memory enhancers,
which improve the characteristic of cerebral function associated
with intellectual performance. They are psychotropic agents
that enhance the cognitive function of the CNS by improvising
its integrative utility."! Various phytoconstituents like flavonoids,
alkaloids, phenol, steroids, triterpenes are present in different
parts of Artocarpus altilis responsible for its reported activities.>?

Studies have been already carried out on Artocarpus altilis
hyperglycemia, hyper-cholesterol,
hypertension, nematode,
mosquito, etc.* Based on the claims made by traditional /

for activities against

microorganism, gastrointestinal
folklore medicines and practitioners, an attempt was made to
scientifically validate the efficacy of the extract of Artocarpus
altilis as fruits as a nootropic agent. Studies have established a
correlation between neurotransmitter acetylcholine and memory
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functions. Cholinergic dysfunction is observed in Alzheimer's
disease. Inhibitors of acetylcholinesterase have been tried in
the management of Alzheimer's disease. The estimation of
cholinesterase inhibition and assessing the acetylcholine level
is the basis for the possible nootropic effect of new drugs. The
literature survey revealed that there is a paucity of published data
available on the nootropic activity of plant extract of Artocarpus
altilis. Hence the present study was undertaken.

MATERIALS AND METHODS

Collection and Identification of the Plant Materials

The fruits of Artocarpus altilis were collected from in and
around Mangalore, Karnataka, India, in November and were
authenticated.

Preparation of Extract

The plant materials were cleaned and dried under shade. The dried
fruits were crushed into a coarse powder. The coarse powder was
extracted by Soxhlet extractor with ethanol and was concentrated
using a rotary flash evaporator at 40°C. The extract obtained was
stored in desiccators and made free from moisture and humidity.
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Animals

Healthy adult male albino Wistar rats weighing 150-200g were
used for the study. The animals were obtained from the in
house animal house facility (1781/PO/EReBi/S/2014/CPCSEA),
Deralakatte, Mangalore. The rats were housed in polypropylene
cages and maintained under standard conditions (12 hr light/12
hr dark cycle; 25+ 3°C; 35-60% humidity). Food and drinking

water was provided.

Acute Oral Toxicity Study

A preliminary study was conducted to assess the acute
pharmacological effects and safety of the drug. The acute toxicity
studies were performed as per OECD 425 guidelines using female
albino Wistar rats.’ Limit test was performed by single oral
administration of the test drug to one animal at the dose of 2000
mg/kg body weight. The animal was observed continuously once
in half an hr for the next 4 hr for general behavioral, neurological,
and autonomic profile and finally for death after 24 hr. The
animals were observed for CNS toxicity symptoms for 24 hr.®
As no mortality was observed, the same dose was administered

sequentially to four more animals and the results were recorded.

Selection of Dose

Three dose levels were selected, namely 200 mg/kg, 400mg/kg
and 800mg/kg body weight on the basis of the result of acute oral
toxicity study.

Nootropic Activity

The animals were randomly divided into eight groups heaving
six animals in each group (n=6), and the following treatment

schedule was followed.

Group | (Normal control)

Animals received a daily single oral dose of saline from day 1 to
day 8 (10ml/kg body weight, orally).

Group Il (Scopolamine)

Animals received a daily single oral dose of saline from day 1 to
day 8 (10ml/kg body weight, orally) followed by a single dose
of scopolamine (1mg/kg) on 8" day. (Validation of amnesia

induction by scopolamine).

Group Il (Piracetam)

Animals received a daily single oral dose of piracetam from
day 1 to day 8 (200 mg/kg body weight, orally). (Assessment of
inherent nootropic potential of piracetam for comparison with

test extracts).
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Group IV (EFAA)

Animals received a daily single oral dose of EFAA from day 1 to
day 8 (800mg/kg body weight, orally). (Assessment of inherent
nootropic potential of EFAA).

Group V (Piracetam + Scopolamine)

Animals received a daily single oral dose of piracetam from day 1
to day 8 (200 mg/kg body weight, orally) followed by a single dose
of scopolamine (1mg/kg) on the 8"day. (Assessment of nootropic

activity of piracetam in amnesic animals).

Group VI, Vil and VIII

Animals received a daily single oral dose of the plant extract
(EFAA) in three different doses (200, 400 and 800 mg/kg)
followed by a single dose of scopolamine (1mg/kg) on the 8" day.
After 45 min of administration of scopolamine, the nootropic
activity was assessed by using three maze-models (i) Elevated
plus Maze, (ii) Y-maze and (iii) Hebb-Williams maze. The trials
were again carried on the Next Day (9" day) and the retention
index was recorded, which served as the scale for determining the
nootropic potential of the drug.

Elevated Plus Maze (EPM) Test

EPM test has been used to assess the learning and memory in
rodents. Transfer latency has been used as a parameter for the
assessment of memory and learning.”® The animal is placed in
one of the open arms of the maze facing away from the central
platform. The time taken by the animal to move from the open
arm to the closed arm is recorded as ITL (Initial Transfer Latency).
For all the trials, the cut-off time is 90 sec. The ITL is recorded as
90 sec if the animal fails to finish the task in the given time. Once
the animal entirely enters the closed arm of the maze, then the
time is noted. After this, the animals are returned to their home
cages. The RTL (Retention Transfer Latency) is recorded after 24
hrs in the same manner as to how the ITL was recorded.

The transfer latency measured on the first and second-day trials
will serve as an acquisition (learning) and retention (memory),
respectively. From these, inflexion ration (IR) was calculated

using the formula,

IR=L,-L /L

IR = Inflexion ratio
L, = Initial transfer latency in seconds
L, = Retention transfer latency in seconds

A fall in transfer latency on subsequent maze exposures was taken
as an index of successful retention.'*"
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Y-Maze Test

The Y-maze test is used to measure spatial working memory and
short-term memory through spontaneous alteration in behavior
in rats. Using food as a reward to reach the goal, animals are
required either to execute a specific search sequence or minimize
errors in the quest for food. Hence, temporal measurement and
error scoring is the key parameters recorded for the evaluation
of drug effects administered after training.'> The three identical
arms are randomly designed: start arm, in which the animal starts
to explore (A), reward arm, with food stimuli (B), and another
arm (C). Each rat is initially placed at the end of arms A, allowed
to move freely, and the sequence and number of arm entries
were recorded over 8 min period. Rats tend to explore the maze
systematically, entering each arm in turn. The ability to alternate
requires that the rats know which arm they had already visited.
The percentage of triads in which the animals enter all three arms
sequentially without returning to the arm which it has left was
recorded as an 'alternation’ to estimate short-term memory. Arms
were cleaned with water spray between tests to remove odors and
residues. The % alternation score for each animal is defined as the
ratio of the actual number of alternations to the possible number
(defined as the total number of arm entries minus two) multiplied
by 100 as shown by the following equation:

% Alternation = [(Number of alternations) / (Total arm entries -
2)] X 100

Hebb-William's Maze

The Hebb-Williams Maze is an incentive-based exteroceptive
behavioral model useful for measuring the spatial and working
memory of rats. It mainly consists of three components viz.
animal chamber (start box), which is attached to the middle
chamber (exploratory area) and a reward chamber at the other
end of the maze in which the reward (food) is kept. The box is
partitioned with wooden slats into blind passages leaving just one
twisting corridor leading from the entry to the reward chamber.
The learning and memory assessment for control and treated
rats were conducted at the end of treatment under zero watts
red colored bulb to minimize the nocturnal cycle disturbances.
During the study, the animals were exposed to food and water ad
libitum only for one hour after the maze exposure for the day is
completed to ensure motivation towards the reward chamber."”
On the first day (i.e., the eighth day of drug treatment), each rat
was placed in the animal chamber, and the door was opened to
facilitate the entry of the animal into the next chamber. The doors
of the start box were closed immediately after the animal moved
into the exploratory area to prevent its back entry. Time taken
(in seconds) by the animals to reach the reward chamber from
the start box (initial transfer latency, ITL) were noted for each
animal. After the experiment, the animals were returned to their
home cages, and transfer latency was recorded again after 24 hr
of the first exposure (retention transfer latency, RTL). Fall in
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transfer latency on subsequent maze exposures were taken as an
index of successful retention.!*

Biochemical Analysis

Just after the experiment, the animals were anesthetized and were
sacrificed by cervical dislocation. The skull was cut open, and the
whole brain was removed carefully, which was then weighed, kept
on an ice bath, washed with cold saline, and homogenized. For
homogenizing, approximately 20 mg of tissue/ml of phosphate
buffer (pH 8.0 0.1M) was used, which was then placed in a
Potter-Elvehjem homogenizer. The homogenate was centrifuged
at 3000 rpm for 10 min, and the final cloudy supernatant liquid
was used for the estimation of acetylcholine esterase activity.'

Estimation of Acetylcholinesterase Activity by
Ellman’'s Method

0.4ml of an aliquot of rat brain homogenate was added to a
cuvette containing 2.6 ml phosphate buffer (0.1M, pH 8.0) and
100 pl of DTNB was added. The content of the cuvette was mixed
thoroughly by bubbling air, and absorbance was measured at 412
nm. About 20 pl of the substrate, i.e., acetylthiocholine iodide,
was added and change in absorbance per min was observed. The
rate of the reaction was calculated by the following formula.’®

R=5.74x10"x A A/C,

Estimation of Acetylcholinesterase by Microplate
Assay

Acetylcholinesterase activity was measured using 96- well
microplate reader based on Ellman's method. In the 96- well
plates, 25 ul of 15mm. ACTI in water, 125 pl of samples OF
3mm. DTNB in buffer C (50mm Tris-HCI, pH 8, containing 0.1
M NaCl and 0.02 M MgCl,, 50 pl of buffer B (50mm Tris-HCI,
pH 8, containing 0.1% bovine serum Albumin), 25 pl of samples
(10mg/ml, in MeOH, diluted ten times with buffer A (50 mm
Tris-HCI, pH 8), to give a concentration of 1 mg/ml), were added
and the absorbance was measured at 405 nm every 13 sec for
five times. The rates of reactions were calculated by Microplate
Manager Software version 4.0.'>'¢

Statistical Analysis

All the data were represented as Mean + SEM. The data obtained
were subjected to a one-way Analysis of Variance (ANOVA) test,
followed by Post hoc Schefte's test using SPSS computer software
version 10. A p-value of less than 0.05 was considered statistically
significant.

RESULTS

Elevated Plus-maze

Both Initial transfer latency (learning) and retention transfer
latency (memory) increased significantly in the scopolamine
challenged group. Interestingly, piracetam decreased ITL and
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Table 1: Effect of Artocarpus altilis extract on Transfer Latency and Inflexion Ratio using Elevated plus maze.

Treatment ITL

Normal (Vehicle) 49.33+9.01
Scopolamine (1mg/kg) 57.00+7.06
Piracetam (200mg/kg) 21.66+1.2%°
Extract (800mg/kg) 23.67+1.21*°
Piracetam (200mg/kg) + 24.33+0.91*°
Scopolamine (1mg/kg)

Extrct (200mg/kg) + 43.34+2.62
Scopolamine (1mg/kg)

Extract (400mg/kg) + 39.67+2.64
Scopolamine (1mg/kg)

Extract (800mg/kg) + 25.00+0.68*°
Scopolamine (1mg/kg)

The values are expressed as- Mean + SEM (n=6). a = p<0.05 when compared to Vehicle (Normal) group, b = p<0.05 when compared to disease control (Scopolamine

RTL
44.50+9.81
54.00+6.20
17.50+2.04%°
20.34+1.05°
22.50+1.08°

39.67+2.17

35.66+1.70

23.34+0.98°

treated) group. ITL: Initial transfer latency, RTL: Retention transfer latency, IR: Inflexion ratio

Table 2: Effect of Artocarpus altilis extract on Transfer Latency using
Hebb-William’s maze.

Table 3: Effect of Artocarpus altilis extract on the number of arm entries.

Inflexion Ratio

0.13+0.02
0.04+0.00
0.18+0.02
0.16+0.02
0.19+0.01

0.08+0.01

0.12+0.08

0.08+0.01

Treatment ITL RTL

Normal (Vehicle) 110.8+7.98 101.3+6.93
Scopolamine (1mg/kg) 149.6+£10.6  132.8+9.05
Piracetam (200mg/kg) 47.50+2.67** 36.16+3.74*°
Extract (800mg/kg) 53.83+3.34** 44.50+3.41%°
Piracetam (200mg/kg) + 49.83+1.95*>  40.00+1.69*"
Scopolamine (1mg/kg)

Extract (200mg/kg) + 103.6+10.42 96.67+9.83
Scopolamine (1mg/kg)

Extract (400mg/kg) + 67.00+3.49°  61.16+3.67

Scopolamine (1mg/kg)

Extract (800mg/kg) + 55.67+4.94**  46.00+4.26*°

Scopolamine (1mg/kg)
The values are expressed as- Mean + SEM (n=6). a = p<0.05 when compared
to Vehicle (Normal) group, b = p<0.05 when compared to disease control

(Scopolamine treated) group. I'TL: Initial transfer latency, RTL: Retention transfer
latency

RTL as compared to the normal control group. The extract of
Artocarpus altilis at a different dose level, i.e., 200mg/kg, 400mg/
kg and 800mg/kg, showed a dose-dependent decrease in ITL and
RTL when compared to the normal group suggesting the positive
impact of the extract on learning and memory (Table 1).

Hebb-Williams Maze

Time taken by the animals to navigate through the mazes is an
indication of the retention of memory of previous reward earning
experience. In our study, the test extract caused a significant
decrease in the transfer latency both in the learning phase (ITL)
and the memorizing phase (RTL) in experimental animals. The
activity was checked at three dose levels (200mg/kg, 400mg/kg

Treatment Total arm Total arm
entries 8t entries 9t
day day

Normal (Vehicle) 20.67+1.33 18.33+1.60

Scopolamine (1mg/kg) 25.16%3.00 26.83+0.74

Piracetam (200mg/kg) 8.50+0.76*"  8.33+0.88"

Extract (800mg/kg) 10.16£1.62°  9.16+0.79*"

Piracetam (200mg/kg) + 9.83+1.68" 8.66+.071*°

Scopolamine (1mg/kg)

Extract (200mg/kg) + 14.00£1.63 18.66£1.80

Scopolamine (1mg/kg)

Extract (400mg/kg) + 15.83+3.48 15.16+2.27

Scopolamine (1mg/kg)

Extract (800mg/kg) + 12.67+1.40°  11.33+1.45°

Scopolamine (1mg/kg)

The values are expressed as- Mean + SEM, (n=6). a = p<0.05 when compared to
Vehicle (Normal) group, b = p<0.05 when compared to Scopolamine (Treated)
group.

and 800mg/kg body weight) and was found to be dose dependant.
Predicably, scopolamine caused a significant increase in ITL and
RTL (Table 2).

Y-Maze

Y-Maze is assessed based on two parameters, i.e., arm entries and
% alterations.

Effect on the Number of Arm Entries

Spatial memory and short-term memory of the rodents of
different treatment groups was assessed bases on the number of
arm entries and percentage alterations. The number of entries
was less in piracetam and extract-treated groups as compared
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Table 4: Effect of Artocarpus altilis extract on % alteration.

Treatment % Alteration 8" % Alteration
day ot day
Normal (Vehicle) 22.38+1.09 26.33+0.82
Scopolamine (1mg/kg) 19.79+2.14 19.89+1.8
Piracetam (200mg/kg) 53.40+9.44*" 51.36+3.86*"
Extract (800mg/kg) 41.91+5.01° 44.54+1.85°
Piracetam (200mg/kg) + 39.54+2.2*° 39.07+4.14%>
Scopolamine (1mg/kg)
Extract (200mg/kg) + 25.23+9.27 24.64+3.09
Scopolamine (1mg/kg)
Extract (400mg/kg) + 25.97+4.17 27.07+2.27
Scopolamine (1mg/kg)
Extract (800mg/kg) + 38.89+4.78° 38.23+2.13"
Scopolamine (1mg/kg)

The values are expressed as- Mean + SEM (n=6). a = p<0.05 when compared to
Vehicle (Normal) group, b = p<0.05 when compared to Scopolamine (Treated)
group.

Table 5: Estimation of acetylcholinesterase activity by Ellman's method.

Treatment Acetylcholinesterase enzyme
activity (In pMoles/min/g of
tissue)

Normal (Vehicle) 2.73+0.06

Scopolamine (Img/kg)  3.95+0.01

Piracetam (200mg/kg)  2.56+0.04*

Extract (800mg/kg) 2.63+0.02°

Piracetam (200mg/kg) + 2.85+0.02°

Scopolamine (1mg/kg)

Extract (200 mg/kg) +  3.32+0.03

Scopolamine (1mg/kg)

Extract (400mg/kg) + 3.23+0.02°

Scopolamine (1mg/kg)

Extract (800mg/kg) + 3.10£0.01°

Scopolamine (1mg/kg)

The values are expressed as- Mean + SEM (n=6). a = p<0.05 when compared to
Vehicle (Normal) group, b = p<0.05 when compared to Scopolamine (Treated)
group, ¢ = p<0.05 when compared to Group III.

Table 6: Percentage inhibition of acetylcholinesterase by microplate assay.

Treatment

0 13
Normal (Vehicle) 31.37+0.40 21.7+2.19
Scopolamine (1mg/kg) 25.75+0.64 17.25+1.69
Piracetam (200mg/kg) 40.42+1.01* 37.2142.71%
Extract (800mg/kg) 38.42+1.91* 34.12+0.80°
Piracetam (200mg/kg) 36.45+0.49° 30.87+1.39°
+ Scopolamine (1mg/kg)
Extract (200 mg/kg) + 31.63+0.68° 28.47+2.56
Scopolamine (1mg/kg)
Extract (400mg/kg) 33.63+1.88° 27.9+1.54°
+ Scopolamine (1mg/kg)
Extract (800mg/kg) 34.19£1.19° 30.21+0.75°

+ Scopolamine (1mg/kg)

% Inhibition (In Seconds)

26 39 52
19.23+2.07 12.92+1.55 9.4+0.84
15.32+0.85 4.3+1.30 7.5+1.37
38.97£1.77% 25.12+2.4%® 23.12+1.89
31.21+1.86° 22.63£1.30° 15.95+2.34
28.03+2.01° 19.93+1.71° 19.37+1.20
26.4%1.19 18.79+2.50 11.5+2.75
27.6+3.31° 18.88+3.80 15.95+3.07
27.63+0.9° 19.25+2.39° 17.31+1.34

The values are expressed as- Mean + SEM (n=6). a = p<0.05 when compared to Vehicle (Normal) group, b = p<0.05 when compared to Scopolamine (Treated) group

to normal control and scopolamine treated groups. Most of the
entries were random and failed to complete the triads (Table 3).

Effect on % Alterations

Interestingly, we noticed a marked increase in the percentage of
alterations in piracetam treated animals. Similar results were seen
in Artocarpus altilis extract-treated groups indicating learned
behavior patterns. An increase in the percentage of alterations
on the second day confirmed the memory retention of the
previous day's experience. Though the effect is not to the extent
of piracetam, our extracts in different concentrations reversed the

apathy and sluggishness induced by scopolamine (Table 4).
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Biochemical Analysis

Estimation of acetylcholinesterase activity by Ellman's method

Pretreatment with the fruit extract of Artocarpus altilis of dose
level 200, 400 and 800mg/kg and followed by scopolamine
administration shows a comparable reduction of AchE activity
with scopolamine group, which is pre-treated with piracetam of
200mg/kg. The group which was treated with the extract alone
of dose 800mg/kg also gives a comparably significant result
with standard piracetam of 200mg/kg dose. However, in the
presence of amnesia, the results show that the highest dose level
of extract that is 800mg/kg gives a significant decline in AchE
level compared to other lower doses of extract and comparable
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with standard drug piracetam. The below results demonstrate
the ability of the extract to improve the status of memory and
learning (Table 5).

Estimation of Acetylcholinesterase by Microplate
Assay

The result obtained from the estimation of % inhibition of AchE
by using microplate reader showed that those animals challenged
by scopolamine after pretreatment with extract at different doses
showed a significant increase in % inhibition when compared to
the normal and scopolamine treated groups (Table 6).

DISCUSSION

The gradual loss of memory and other cognitive functions is
typically associated with advancing age. Though the presence
of neurofibrillary tangles, cortical amyloid plaques are found in
the brain, pathogenesis for the loss of neurons is not completely
understood. So is the treatment for the condition. However, many
drugs and medicinal plants are used for retarding the progression
of neurodegeneration with limited success. Plants like Centella
asiatica are used to enhance memory and intellect (medha).

Artocarpus altilis is a useful tropical plant. Its medicinal and
nutritional values have been reported. It contains several
flavonoids, phenols, steroids, triterpenes and several amino acids.
Jiyauddin et al.'” reported that the plant extract has significant
antioxidant activity. Fang et al."® recorded the anti-inflammatory
activity of the plant. Antioxidants and anti-inflammatory
agents have a positive impact on retarding the progression
of neurodegeneration. Further, flavonoids have significant
antioxidant activity and the presence of flavonoids in the fruit
of Artocarpus altilis has been reported. The present study was
planned to see the action of the Artocarpus altilis fruit extract on
learning and memory.

Acute oral toxicity studies revealed that the extract is safe at a dose
of 2000mg/kg. Preliminary qualitative phytochemical analysis
of extract showed positive results for alkaloids, carbohydrates,
flavonoids, steroids, triterpenoids, saponins, tannins, and
proteins.

EPM results revealed that the animals challenged with
scopolamine and treated with of 800 mg/kg of the extract were
quick to learn (ITL: 25.00+0.68) and retained the memory for
the next Day (RTL: 23.34+0.98), which was comparable with
piracetam (ITL: 21.66+1.2, RTL: 17.50+2.04). A similar result was
observed in animals treated with extract alone. (ITL: 23.67+1.21,
RTL: 20.34+1.05) suggesting the efficacy of the fruit extract in
normal and amnesic animals.

We observed similar results with the Hebb-William’s maze. Both
ITL (55.67+4.94) and RTL:

(46.00+4.26) improved significantly in extract-treated animals as
compared to the scopolamine treated animals (IT1: 149.6£10.6,
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RTL: 132.849.05). In both the models, the activity was dose
dependent and we have tested to a maximum dose of 800mg/kg.

The study was carried out with Y-maze to assess spatial working
memory based on two parameters, i.e., number of arm entries
and % alterations. The number of entries to the different arms
on the first Day and second Day was observed after treating the
animals with different dose levels and compared with a standard
(Piracetam), normal control and amnesic (scopolamine) group.
The entries were significantly less in the extract-treated group
(first Day:12.67+1.40, second Day:11.33+1) and piracetam
treated animals (first Day:8.50+0.76, second Day: 8.33+0.88) as
compared to scopolamine treated animals (first Day: 25.16£3.00,
second Day: 26.83+0.74). However, the percentage alterations
were significantly better in the treated group (first Day:
38.89+4.78, second Day: 38.23+2.13) as compared to the amnesic
group (first Day: 19.79+2.14, second Day: 19.89+1.8). The
observations suggest that animals, when treated with the extract,
completed more triads indicating improved spatial learning and
short-term memory.

Estimation of acetylcholinesterase activity by Ellman's method
revealed that the Acetylcholinesterase enzyme activity decreased
in dose dependent manner in extract-treated groups. The study
using a microplate assay to assess the percentage inhibition of
AchE corroborated the above finding. The enzyme was inhibited
in a dose and time-dependent manner. This property may
contribute to the elevated level of acetylcholine in the brain,
thereby improving cognitive functions.

CONCLUSION

Based on the results from the present study, we concluded that
the ethanolic extract of the fruit Artocarpus altilis has nootropic
activity in the experimental animals. The finding suggested
cholinergic involvement. However, the present study did not
include the test for establishing the exact mechanism of action.
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SUMMARY

Artocarpus altilis is an evergreen plant consisting of various
phytoconstituents and is widely used traditionally for the

treatment of various ailments. This study was carried out to

evaluate the nootropic potential of ethanolic extract of fruits of

the plant Artocarpus altilis by using in vitro and in vivo models.

The study reported the nootropic activity of the plant in in vivo

model involving the cholinergic pathway. The study suggests for

further investigations to identify the exact mechanism involved

in nootropic activity.

REFERENCES

1.

JoshiH, Parle M. Cholinergic basis of memory improving effect of Ocimum tenuiflorum
linn. Indian J Pharm Sci. 2006;68(3):364-65. doi: 10.4103/0250-474X.26680.

. Solanki R, Nagori BP. New method for extracting phytoconstituents from plants. Int J

Biomed Adv Res. 2012;3(10):770-3. doi: 10.7439/ijbar.v3i10.779.

. Lewis WK. The principle of countercurrent extraction. J Ind Eng Chem.

1961;8(9):825-33.

. Sikarwar MS, Hui BJ, Subramaniam K, Valeisamy BD, Yean LK, Balaji K. Antioxidant

activity of Artocarpus altilis (Parkinson) Fosberg leaves. Free Rad. Antiox.
2014;4(2):33-9.

. New OECD 425 guidelines. OECD Guidelines for testing animals. p. 1-26; 2001

December [cited Sep 28 2020]. Available from: https://ntp.niehs.nih.gov/iccvam/su
ppdocs/feddocs/oecd/oecd_gl425-508.pdf.

. Ghosh MN. Fundamentals of experimental pharmacology. 7th ed. Kolkata: Hilton

Publishing and company; 2005:149-56.

7.

Morales-Delgado N, Popovi¢ N, De la Cruz-Sanchez E, Caballero Bleda M, Popovi¢
M. Time-of-day and age impact on memory in elevated plus-maze test in rats. Front
Behav Neurosci. 2018;12:304. doi: 10.3389/fnbeh.2018.00304, PMID 30574075.

. Sharma AC, Kulkarni SK. Evaluation of learning and memory mechanisms employing

elevated plus-maze in rats and mice. Prog Neuropsychopharmacol Biol Psychiatry.
1992;16(1):117-25. doi: 10.1016/0278-5846(92)90014-6, PMID 1557503.

. Itoh J, Nabeshima T, Kameyama T. Utility of an elevated plus-maze for the evaluation

of memory in mice: Effects of nootropics, scopolamine and electroconvulsive shock.
Psychopharmacology. 1990;101(1):27-33. doi: 10.1007/BF02253713, PMID 2343073.

. Kasture SB, Kasture VS, Joshua AJ, Damodaran A, Amit A. Nootropic activity of

BacoMind, an enriched phytochemical composition from Bacopa monnieri. J Nat
Rem. 2007;7(1):166-73.

. Jaiswal AK, Bhattacharya SK. Effects of shilajit on memory, anxiety, and brain

monoamine in rats. Indian J Pharmacol. 1992;24(12):12-7.

. Vasudevan M, Parle M. Memory-Enhancing Activity of Thespesia populnea in Rats.

Pharm Biol. 2007;45(4):267-73. doi: 10.1080/13880200701214631.

. Hebb DO, Williams KA. A method of rating animal intelligence. J Gen Psychol.

1946;34:59-65. doi: 10.1080/00221309.1946.10544520, PMID 21015350.

. Kobayashi S, Ohashi Y Ando S. Effects of enriched environments with different

durations and starting times on learning capacity during aging in rats assessed by a
refined procedure of the Hebb-Williams maze task. J Neurosci Res. 2002;70(3):340-6.
doi: 10.1002/jnr.10442.

. Ellman GL, Courtney KD Andres V, Feather-stone RM. A new and rapid colorimetric

determination of acetylcholinesterase activity. Biochem Pharmacol. 1961;7:88-95.
doi: 10.1016/0006-2952(61)90145-9, PMID 13726518.

. RheelK,Vande Meent M, IngkaninanK, VerpoorteR.Screeningforacetylcholinesterase

inhibitors from Amaryllidaceae using silica gel thin-layer chromatography in
combination with bioactivity staining. J Chromatogr A. 2001;915(1-2):217-23. doi: 10
.1016/50021-9673(01)00624-0, PMID 11358251.

. Jiyauddin K, Zulhabri O, Aishah U. A. M, Rasha S, Hamid K, M. Qamar et al. Evaluation

of Antioxidant and Antimicrobial Activity of Artocarpus altilis Against Human
Pathogens. PBJ:10-4. doi: 10.20510/ukjpb/2/i4/91110.

. Fang SC, Hsu CL, Yen GC. Anti-inflammatory effects of phenolic compounds isolated

from the fruits of Artocarpus heterophyllus. J Agric Food Chem. 2008;56(12):4463-8.
doi: 10.1021/jf800444g, PMID 18500810.

Cite this article: Kumar AC, Shastry CS, Chand S, Ghetia SM. Evaluation of Nootropic Potential of the Fruits of Artocarpus altilis by in vivo and in vitro Studies.
Indian J of Pharmaceutical Education and Research. 2023;57(2):519-25.

Indian Journal of Pharmaceutical Education and Research, Vol 57, Issue 2, Apr-Jun, 2023

525



