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Can Phyllanthus Emblica (Amloki) Alleviate Colchicine Induced Memory
Impairment? An Experimental Study in Male Long-Evans Rats
Fhamida Akter', Mahatab Bin Mostafa?, Puspita Basak?®, Rokhsana Binte Amin*

Abstract:

Background: Memory is a crucial component of our daily
lives. Thus, its deterioration should be managed. In this
regard, pharmacological treatments have become less
favourable due to their prolonged duration and numerous
adverse effects. Phyllanthus emblica (PE) may be a suitable
substitute because of its diverse biological functions, cost
efficiency, lower toxicity and easy accessibility. Objective:
To evaluate the alleviative role of ethanolic extract of
Phyllanthus emblica (EEPE) fruit on memory. Methods:
This study was performed at the KM Farid uddin Animal
Research Laboratory, Department of Physiology, BMU,
involving 24 male Long-Evans rats (8+2 weeks; 225+75 gm).
On the basis of treatments, all rats (6 rats/group) were
grouped into normal control (NC), sham control (SC),
(ColC), post-colchicine Phyllanthus
emblica treatment (Post PE Exp). A single dose of colchicine
(15 pg) caused memory impairment and Morris water maze
(MWM) was used to test for learning and memory. Results:
Here, in Reference memory performance colchicine caused
significantly higher mean escape latency (EL) (p<0.001) in
acquisition phase and average EL of 5" and 6™ acquisition
days (p<0.01) as well

colchicine control

as significantly (p<0.001) lower target crossings (TC) and
time spent in target (TT) in ColC rats in comparison to those
SC rats. In contrast, significantly lower mean EL (p<0.001)
in acquisition phase and average EL of 5" and 6 acquisition
days (p<0.05) along with significantly higher TC and TT
(p<0.001) were found in Post PE Exp rats, in comparison to
those of ColC rats. In working memory test, colchicine also
caused significantly higher mean EL (p<0.001) in training
and test phase in ColC rats, in comparison to those SC rats.
However, our experimental (Post PE Exp) rats showed
significantly (p<0.001) lower mean EL when compared to
those of ColC rats. Moreover, when we compared all these
memory variables between our experimental and NC rats,
they were found statistically non-significant. Conclusion:
The study revealed that Phyllanthus emblica (Amloki) may
be an encouraging therapeutic option for mitigating the
neurotoxicity associated with colchicine; however, more
studies are needed to define the exact mechanism through
which PE functions.
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Introduction:

Medicinal plants have been acknowledged and utilized for
disease treatment since ancient times. People in developing
and low-income countries rely on these plants for addressing
various minor and major health conditions. In several
developing nations, including Bangladesh, about 80% of the
population depends on traditional medicine. The practice of
traditional medicine is not limited to developing countries; it
is also present in various industrialized nations. Medicinal
plants are the most significant source of natural nootropics.
Phyllanthus emblica (PE), commonly known as amloki, is
part of the Euphorbiaceae family. Different clinical studies
have reported that PE has hepatoprotective!, antitussive?,
anti-pyretic®, analgesic’, antidiabetic®, anti-malignant’, anti-
malarial®,anti-inflammatory’, hypolipidemic®, nephroprotective®
as well as antimicrobial'® properties.

Memory is the process of encoding, storing, and retrieving
learned knowledge!!. Memory impairment is a type of
unusual forgetfulness that differs from normal age-related
forgetfulness, and it plays a significant role in dementia,
which affects over 55 million people worldwide. Symptoms
of dementia include forgetting recent events, misplacing
items, getting lost, feeling confused in familiar places, losing
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track of time, having trouble making decisions, struggling to
find words and misjudging distances'?. Factors like physical
inactivity, a sedentary lifestyle, and stress are linked to
memory impairment. Other conditions, such as brain trauma,
stroke, infections, tumors and neurodegenerative disorders like
Alzheimer’s and Parkinson’s diseases, also contribute to this
problem?3.

Memory depends on the hippocampus which is the most
medial portion of the temporal lobe cortex. The
Neurodegeneration of this hippocampus can result in
memory impairment. Colchicine, an alkaloid drug, destroys
microtubular assembly, decreases axoplasmic transport'*,
increases free radical generation and oxidative stress!'®
followed by hippocampal neurodegeneration resulting in
memory impairment in rat.

Nowadays, the treatment plan for memory impairment
consists of a variety of drugs, including galantamine,
rivastigmine, donepezil, and others'®. However, a wide range
of harmful outcomes is associated with the regular
consumption of these medications, which hinders their utility
in the management of memory impairment. As far as we
searched, only a few researches have shown the role of PE on
prevention of memory impairment, but no study was found to
explore this PE’s effect on alleviation of these morbidities.
Based on this background, the present study has been
designed to evaluate the effects of ethanolic extract of PE
(EEPE) on memory performance after intrahippocampal
colchicine induced memory impairment in male Long-Evans
rats.

Methods:

Animals

All experiments were conducted with 24 healthy adult male
Long-Evans rats, each weighing approximately 225+75 gm
and aged 8+2 weeks, sourced from the central animal house
of Bangladesh Medical University (BMU) in Dhaka,
Bangladesh. The rats were housed six per cage and
maintained under standard environmental conditions, with
temperatures ranging from 27 to 28°C and a half-day light
and dark cycle. Proper administration of standard laboratory
food and water was ensured. The experimental protocol
received approval from the Institutional Review Board
(Registration No: 4469) of the University, and the study was
carried out in the KM Farid Uddin animal laboratory within
the Department of Physiology at Bangladesh Medical
University (BMU), Dhaka, Bangladesh.

Extract preparation

In August 2023, fresh leaves of PE were collected from
Hajiganj upazila, located in the Chandpur district of
Bangladesh. An expert taxonomist from the Bangladesh
National Herbarium in Mirpur, Dhaka, Bangladesh
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conducted the identification, and a voucher specimen
(Accession number: DACB 90617) has been stored in the
herbarium for future reference. According to Uddin et al.
(2016)"7, 5 kg of PE fruits were collected, washed, and shade
dried for 30 minutes. After the seeds were removed, the fruits
underwent an additional drying process for 7 days using
irregular sun drying. The dried fruits were then ground into a
powder and stored in an airtight container for extraction.
Approximately 500 grams of powder (from 5 kg) was soaked
in 2.5 liters of 98% ethanol at room temperature (24-27° C)
for 7 days with frequent shaking. The mixture was filtered
through cotton and subsequently through Whatman (Grade
no.l) filter paper, concentrated, and dried at 50°C using a
rotatory evaporator, after which the ethanolic extract was
stored at 4°C for future use.

Drugs and chemicals

Normal saline (Opso Saline Ltd, Bangladesh), gentamicin
(Incepta Pharmaceuticals Ltd, Bangladesh), thiopental
sodium (Gonosasthaya Pharmaceuticals Ltd), di-ethyl ether
(MERCK, Germany) and Ethanol (MERCK, Germany) were
purchased from local market. Colchicine was obtained from
Incepta Pharmaceuticals Ltd, Bangladesh.

Study design:

Rats were divided randomly into 4 groups as follows
(6rats/group):

NC group: Healthy group (No stereotaxic surgery and PE
treatment)

SC group: Intrahippocampal infusion of 1 pl normal saline
by stereotaxic surgery and no PE.

ColC group: Single dose colchicine (15 pg in 1 pl normal
saline) was infused in hippocampus by stereotaxic surgery
without any PE treatment.

Post PE Exp group: Ethanolic extract of Phyllanthus emblica
(EEPE) was administered intraperitoneally (i.p) at a dose of
700 mg/kg for 7days after hippocampal
colchicine(15pg in 1pl normal saline) by stereotaxic surgery.

infusion of

Intra Hippocampal colchicine infusion by stereotaxic
surgery

In prior studies!®!%-20

, colchicine was delivered to rats in the
hippocampus via stereotaxic surgery. Before the surgical
procedure, the rats were fasted overnight but allowed to drink
water. On the day of surgery, they were anesthetized with
thiopental sodium (45 mg/kg, ip) and secured in a
stereotaxic apparatus. After making a scalp incision and
retracting the skin, 15 pg of colchicine in 1 pl of normal
saline was injected into each hippocampus using a Hamilton
micro syringe, administered very slowly over a duration of 1
minute. The micro syringe was maintained in position for the
next minute (60 seconds) before being gently withdrawn. The
infusion coordinates were: -3.6 mm anterior-posterior, + 2



mm lateral-medial and -3.4 mm dorso-ventral relative to
bregma. Control subjects received a vehicle injection. The
scalp was then closed with sutures. Immediately following
the surgical procedure, the rat was placed in a post-operative
cotton bed for 2 days, with all aseptic precautions and care
taken for feeding until it recovered from the surgical stress.
Gentamycin (5 mg/kg, i.p) was given post-operatively to
prevent sepsis.

Morris Water Maze (MWM) test

Apparatus

The MWM test is designed to evaluate reference and
working memory by utilizing a large circular pool that is 150
cm in diameter and 50 cm high, filled with water?!?2. To
prevent visual cues, the pool’s walls and platform are painted
black, and it is located in a room that features additional
maze cues to aid in the orientation of the rats. The pool is
segmented into four quadrants, which include eight starting
points: north (N), south (S), east (E), west (W), north-east
(NE), north-west (NW), south-ecast (SE) and south-west
(SW). In the center of the NE quadrant, there is a hidden
platform that measures 15 cm in diameter and 28 cm in
height, positioned 2 cm below the water surface to keep it
hidden from view. Two testing methods are utilized to assess
memory skills, and the working plans for four groups of rats
are depicted in figure 1.

Reference memory test

As represented in figure 1, the rats swam for 3 minutes
without a platform for 3 consecutive days to undergo
instrumental acclimatization and the habituation phase of the
Reference memory version. In the acquisition phase that
followed, the rats were subjected to four trials each day over
6 consecutive days, remaining in a fixed position in the NE
quadrant. Each trial involved releasing the rats from different
starting points in a unique sequence each day, providing them
with 60 seconds to locate and climb onto the platform. A 50
seconds intertrial time (20 seconds on the platform and 30
seconds for self-drying) was allowed. The latency to find the
platform, known as the mean escape latency (EL) the time
from the moment a rat entered the water until it reached the
platform-was recorded using a stopwatch to evaluate the
learning ability of the rats. Each rat underwent four similar
trials over six consecutive days. In the first trial of each day,
the rats reached the platform by chance, which constituted
the information stage, while subsequent trials required
matching to the novel position each day, as the platform
remained fixed for six days. The average EL for the 5" and
6™ acquisition days was measured to assess memory
consolidation. Approximately 24 hours after the last trial on
day 6, the platform was removed from the pool, and a final
spatial probe trial was conducted to assess learning strength
and retrieval. In this probe trial, the rats were allowed to
swim freely for 60 seconds, during which target crossings
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(TC) the number of times the rats crossed the quadrant of the
MWM within 60 seconds from where the platform was
removed and time spent in the target (TT) the time spent in
the quadrant from which the platform was removed within 60
seconds - were measured?’.

Working memory test

As shown in figure 1, about 48 hours after the probe trial, the
working memory version of the test was conducted using a
testing paradigm adapted from Sarihi et al. (2000)?'. Here,
the 6 days acquisition phase of the reference memory test
was regarded as the pre-training phase of the working
memory assessment. Then, a training and a test phase was
conducted over 4 consecutive days with 4 trials each day.
Everyday, the platform position was changed but kept
constant for the daily 4 trials. However, every rat was
released from 4 different starting points in the 4 daily trials,
all of which were distant from the platform position. On the
first trial of each day, rats reached the platform by chance,
which constituted the information stage, and the subsequent
trials required matching to the novel position for that day as
the platform was changed every day. The mean EL in the
training and test phase was recorded as above to assess
learning ability.

Statistical analysis:

Results were presented as mean + SEM (Standard Error of
Mean). Statistical analysis of the data was conducted through
ANOVA, followed by the Bonferroni post hoc test in SPSS
(version 25.0), considering p<0.05 as statistically significant.
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Figure-1: Experimental design for a) control rats (normal
control; sham control; colchicine control) and b)
experimental rats (Post PE Exp)



RMT: Reference memory test; WMT: Working memory test;

RA=Room acclimatization, PSP=Post-surgical period;
Hab.=Habituation;  Acq.=Acquisition; PT=Probe trial;
[A=Instrumental  acclimatization;  Pret=  Pretraining;

Tt=Training and test; NS=Normal saline; SS=Stereotaxic
surgery; Col.=Colchicine

Results:

Effect of EEPE on reference memory after memory
impairment

As indicated in Table I, ColC rats exhibited a significantly
(p<0.001) higher mean escape latency (EL) across all
acquisition days when compared to SC rats. Nevertheless,
EEPE enhanced the learning performance of our rats, as
shown by statistically significant (p<0.001) differences in
mean EL between our ColC and experimental (Post PE Exp)
rats. Notably, the differences in this variable between Post
PE Exp and NC rats were statistically non-significant on the
final acquisition day. In Table I, it has been shown that the
mean value of average escape latency (EL) on the 5™ and 6%
acquisition days was significantly (p<0.01) higher in ColC
rats in comparison to SC rats. Additionally, PE showed
significantly (p<0.05) lower average EL in experimental
(Post PE Exp) rats than that of ColC rats. On the contrary, the
differences of this variable between NC vs Post PE Exp rats
were found statistically non-significant. In the study, ColC
rats showed retrieval impairment, as evidenced by
significantly (p<0.001) lower TC and TT than those of SC
rats. This PE carried out significantly (p<0.001) higher TC
and TT in experimental (Post PE Exp) rats than that of ColC
rats. And, Statistical analysis revealed that the differences in
these variables between NC vs Post PE Exp rats were not
significant (Table II).

Table-I: Mean escape latency (EL, in seconds) and
average escape latency (EL of 5™ and 6™ days, in seconds)
in acquisition phase of Morris water maze test in
different groups of rats

Bonferroni’s post hoc test (between groups). *=SC vs ColC,
$ = ColC vs Post PE Exp, ¥ = NC vs Post PE Exp. In the
interpretation of results, p<0.05 was considered as
significant. ***/§§$/ ¥ = p<0.001, **/§$A¥ = p=<0.01,
*/$/4= p<0.05.

Table-II: Target crossings (TC, in frequency/minute) and
time spent in target (TT, in seconds/minute) in probe trial
of Morris water maze test in different groups of rats

Variables in Groups
probe trial NC SC ColC Post PE Exp
day
TC 8.00 = 7.17+£0.27 1.66+0.18"™" 6.83+0.31%%
0.26
TT 18.16 + 16.17+0.61 5.83+0.67"" 15.67+£0.49%5%
0.48

Mean EL Groups
of acquisition
day NC SC ColC Post PE Exp
& 26.21£2.29 | 30.63+2.43 60.0+0.00™* 44.00+£1.67555¥%
ond 22.58+0.99 |  25.42+0.62 58.88+0.53""" 40.63+1.215554¥
3rd 14.54+1.82| 18.92+0.44 56.5+1.17" 36.58+1.6655¥
4th 13.08+1.71 17.5+0.76 53.92+0.66™" | 32.16+1.40555%¥
5th 12.96+1.19|  15.92+0.71 51.71+1.09"** 29.96+1.835554¥
o 12.21£0.96 |  13.33+0.35 49.46+1.99"" 16.79£0.92%%%
Average EL
th th
of 5% and 6 12.5840.21 | 14.62£0.74 |  50.58£0.64" 23.3843.80°
acquisition
days

Each day represents mean = SEM of 4 trials of 6 rats in that
day. Values in parenthesis indicate ranges. Statistical analysis
was done by ANOVA (among groups) followed by

DOl:https://doi.org/10.3329/jcomcta.v30i1.90250 |

Each column symbolizes mean + SEM for 6 rats. Values in
parenthesis indicate ranges. Statistical analysis was done by
ANOVA (among groups) followed by Bonferroni’s post hoc
test (between groups). * = SC vs ColC, $ = ColC vs Post PE
Exp. In the interpretation of results, p<0.05 was considered
as significant. ***/$$$ = p<0.001.

Effect of EEPE on working memory after memory
impairment

In Table III, it was demonstrated that ColC rats exhibited a
significantly (p<0.001) higher mean EL compared to SC rats
across all trials on all test days. Nevertheless, EEPE
enhanced the learning performance of our rats, as indicated
by statistically significant differences in mean EL between
our ColC and experimental Post PE Exp (p<0.01 in trial 1
and 2, p<0.001 in trial 3 and 4) rats. Notably, the differences
in this variable were statistically non-significant between NC
and Post PE Exp in trial 4 across all test days.

Table-III: Mean escape latency (EL, in seconds) in
training and test phase of Morris water maze test in
different groups of rats

Mean Groups
EL in
. NC SC ColC Post PE Exp
trial
1 20.75+0.59 22.13+1.84 41.13£1.34%%* 32+1.8455%
2 10.88+0.63 14.88+1.74 37.38+1.12%%* 26.5+2.60%5
3 8.38+0.52 9.88+1.09 32.75+1.19%%* 22.375+1.28555W%
4 7.75+0.52 10.38+1.25 27.63+1.14%%% 13+1.39%%

Trial 1 = mean £ SEM of 4 trial 1s of 6 rats in consecutive 4
days; Trial 2 = mean = SEM of 4 trial 2s of 6 rats in
consecutive 4 days; Trial 3 = mean £ SEM of 4 trial 3s of 6
rats in consecutive 4 days; Trial 4 = mean+=SEM of 4 trial 4s
of 6 rats in consecutive 4 days. Values in parenthesis indicate
ranges. Statistical analysis was done by ANOVA (among
groups) followed by Bonferroni’s post hoc test (between
groups). * = SC vs ColC, $ = ColC vs Post PE Exp, ¥ = NC
vs Post PE Exp. In the interpretation of results, p<0.05 was
considered as significant. **/¥¥/$§ = p<0.01; ***/¥¥¥/SSS =
p<0.001.



Discussion:

Memory, specially the spatial memory, is among the most
complex processes of the brain, necessary for the proper
functioning of any living organism. Impairment of this
memory can sufficiently hinder an individual’s intellectual
ability, thus interfering with their personal behaviors and
social communications. Some animal studies conducted in
the last decade have focused on the effect of PE
supplementation before hippocampal damage in preventing
spatial memory impairment?*!”?>. However, in the clinical
settings, patients suffering from spatial memory impairment
tend to seek medical advice after diagnosis. It emphasizes the
significance of studying the influence of any intervention
after spatial memory impairment. Notably, there is a lack of
experimental research on the role of this fruit in alleviating
hippocampal damage induced spatial memory impairment.
These findings motivate us to investigate the potential effect
of systemic EEPE administration in alleviating colchicine-
induced memory impairment.

In this study, we conducted the Morris water maze (MWM)
test to evaluate the effects of Ethanolic extract of Phyllanthus
emblica (EEPE) on spatial learning and memory in a rat
model that experienced memory impairment due to
colchicine. In the Working memory version, the platform’s
location was altered daily, compelling the animals to acquire
and apply new orientation cues within minutes during the
testing session. Conversely, in the Reference memory task,
the animals were trained for six days to memorize a fixed
platform position, with the consolidation of learned
memories affecting their final performance. Through the
application of this memory test on the experimental model,
the current study indicated that post-treatment with EEPE

could improve memory impairment.

In this study, we administered 15 pg of colchicine to each
hippocampus to induce memory impairment which might
bind with microtubule binding protein (tubulin)?®, might
depolymerized them?’, to cause decreased cellular growth,
differentiation'® and hippocampal cholinergic neuronal
damage?®. In addition, our intrahippocampal colchicine might
cause increment of acetylcholinesterase (AchE) activity?,
which is an indirect evidence of cholinergic neuronal
damage. In addition, our colchicine might increase the
formation of beta amyloid protein (BAP) in hippocampus>’
by increasing the action of B secretase and Y secretase on
amyloid precursor protein (APP). This BAP might
accumulate extra cellularly forming AP plaques resulted in
neuronal death. These AP plaques might also initiate an
inflammatory response, along with direct action of colchicine
on increment of COX-2 mRNA expression in hippocampus,
resulted in neuroinflammation by COX-2, PGE, and
proinflammatory  cytokines (TNF-a, IL-1B)3!.  This
inflammatory cascades might cause hippocampal neuronal
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damage and death. Here, both reference and working
memory deficit was occurred in our memory impaired rats, as
evidenced by lower learning ability, consolidation, retrieval
ability in comparison to those of normal and sham control
groups of rats.

However, PE improved both reference and working memory
impairment as evidenced by improved learning ability,
consolidation and retrieval ability of our experimental (Post
treated) rats in comparison to those of memory disabled rats.
Similar findings were observed by researchers in abroad in
two animal models for reference memory impairment after
pretreated PE*¥, In our study, intraperitoneal PE after
memory impairment might improve the condition by
decreasing production of AP plaques through the suppression
of APP breakdown by B and y secretases**. Moreover, our PE
might reduce release of proinflammatory cytokines (TNF-a,
IL-1B) in hippocampus and reduce neuroinflammation and
neuronal death?.

As a whole, experimental rats (Post PE Exp) showed almost
similar reference and working memory performances when
compared to those of normal rats. From these findings, we
proposed that our 7 days administration of EEPE could
alleviate almost all the aspects of memory disability near to
normal.

Conclusion:

Phyllanthus emblica (Amloki) can alleviate colchicine
induced memory impairment in male Long-Evans rats.
Therefore, this fruit extract may be advantageous in the
management of various cognitive disorders, dementia, and
neurodegenerative diseases, particularly Alzheimer’s disease.
Further
application.

extensive research is needed before human
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