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ABSTRACT

Background: Ketamine, a known NMDA receptor antagonist, induces memory impairment in
experimental models. Azadirachta indica leaf extract (AILE), rich in bioactive compounds, has shown
potential neuroprotective effects. This study evaluates the effects of AILE on ketamine induced
memory impairment using the Morris Water Maze (MWM) test in male Wistar rats. Methods &
Materials: This experimental study aimed to investigate the effects of AILE on working and
reference memory in ketamine-induced memory-impaired male Wistar rats. 24 rats were selected for
the animal selection. Male wistar rats were divided into normal memory (oral normal saline
treated, 5ml/kg/day for 26 days), memory impaired (intraperitoneal ketamine treated,
15mg/kg/day during 5 days of acquisition phases) and experimental (oral AILE treated,
300mg/kg/day for 26 days and intraperitoneal ketamine, 15mg/kg/day during 5 days of acquisition
phases). The study was conducted at the Memory Laboratory, Department of Physiology,
Bangabandhu Sheikh Mujib Medical University (BSMMU), duration from March 2020 to February
2021. Ethical approval was obtained following a thorough review by Institutional Review Board
(IRB) of BSMMU. Results: Ketamine administration significantly impaired spatial working and
reference memory, evidenced by increased escape latency and reduced target crossings. AILE co-
administration significantly improved these parameters, reducing escape latency and increasing

target crossings. Remarkably, AILE enhanced reference memory retrieval beyond normal levels, indicating its therapeutic potential.
Conclusion: AILE mitigates ketamine-induced memory deficits and enhances spatial memory retrieval, likely through NMDA receptor
modulation, oxidative stress reduction, and apoptotic pathway attenuation. These findings highlight the potential of AILE as a
therapeutic agent for memory impairment disorders.
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INTRODUCTION

Memory is a complex cognitive process involving the
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(2. These two forms of memory represent key aspects of
episodic memory: the "what" (content) and "where" (spatial

acquisition, storage, and retrieval of information. It is broadly
categorized into working memory, which temporarily holds
and manipulates information for immediate use, and
reference memory, which stores long-term contextual
information. Working memory plays a pivotal role in tasks
such as comprehension, learning, and reasoning by
maintaining a limited amount of spatial or non-spatial
information for short-term use [1l. Reference memory, on the
other hand, is a long-term declarative memory system
associated with consistent recall of environmental or
procedural cues, such as an animal's navigation of its territory

context) dimensions.

Memory formation involves distinct neural mechanisms, with
working memory relying on persistent neural activity and
reference memory involving synaptic plasticity, such as long-
term potentiation (LTP). N-methyl-D-aspartate (NMDA)
receptors, critical for synaptic plasticity, mediate excitatory
postsynaptic potentials (EPSPs) that underlie memory
functions. Blockade of NMDA receptors disrupts these
processes, leading to memory impairment [Bl. Ketamine, a
noncompetitive NMDA receptor antagonist, inhibits persistent
neural activity and impairs both working and reference
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memory at sub-anesthetic doses [45]. Animal models treated
impairments in memory
acquisition, encoding, and retrieval, as evidenced by
performance in spatial tasks such as the Radial Arm Maze
(RAM) and Morris Water Maze (MWM) (6. The MWM is
particularly effective for evaluating spatial working and
reference memory, as it relies on an animal's ability to
navigate using spatial cues to locate a hidden platform. This
task has been strongly correlated with hippocampal synaptic
plasticity and NMDA receptor function, making it a robust tool
for studying memory impairment [7].

Given the limitations and adverse effects of pharmacological
treatments for memory impairment, there is growing interest
in alternative therapeutic strategies, including the use of
medicinal herbs. Azadirachta indica, commonly known as
neem, has demonstrated a range of pharmacological
properties, including anti-inflammatory [8], antioxidant [9.10],
antiviral [11], and neuroprotective effects [12l. Notably, neem
leaf extract (AILE) has shown potential in preventing memory
deficits in experimental models, with doses of 300 mg/kg/day
(131 and 500 mg/kg/day [12] proving effective without adverse
effects.

Additionally, sex hormones play a critical role in learning and
memory processes, further emphasizing the need for
comprehensive studies addressing both hormonal and
neurochemical factors in memory modulation [14].

with ketamine demonstrate

OBJECTIVE

The present study aims to evaluate the effects of AILE on
spatial working and reference memory in male Wistar rats
subjected to ketamine-induced memory impairment. Using
the MWM test, we assess whether AILE can ameliorate the
deficits in spatial memory caused by ketamine administration,
providing insights into its potential therapeutic applications.

METHODS & MATERIALS

Study Design and Settings

This study was conducted at the Memory Laboratory,
Department of Physiology (BSMMU), and spanned from March
2020 to February 2021. The study population consisted of
male Wistar rats weighing 200 + 50 g, selected for their
suitability for memory-related experiments and homogeneity
in weight and age. Male wistar rats were divided into normal
memory G1 (oral normal saline treated, 5ml/kg/day for 26

Platform

Swimming rat
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days, memory impaired G2 (intraperitoneal ketamine treated,
15mg/kg/day during 5 days of acquisition phases and
experimental G3 (oral AILE treated, 300mg/kg/day for 26
days and intraperitoneal ketamine, 15mg/kg/day during 5
days of acquisition phases).

Animal selection

Twenty-four (24) rats were obtained from the central animal
house of BSMMU, Dhaka. All rats were kept in the rat
laboratory of the department of Physiology, BSMMU, and were
housed in specially built plastic cages with 4 rats per cage
under a 12/12-hour light/dark cycle. The ambient room
temperature was maintained at around 27° to 28°
corresponding to the thermoneutral zone for rodents [151. All
the rats had free access to the standard laboratory food,
cooled boiled water ad libitum, during acclimatization. To
avoid circadian influences, all the experiments were
performed during the day between 08.00 and 16.00.

Study Procedure

Apparatus

The MWM was a circular pool with a diameter of 150 cm and a
height of 50 cm, filled with water at a depth of 30 cm,
maintained at a temperature of (24-26) °C (Figure 1). The
pool was divided into four quadrants: northwest (NW),
northeast (NE), southeast (SE), and southwest (SW) 1617, A
black platform (28 cm in height) was placed at the center of
one quadrant, submerged 2 cm below the water surface to
serve as the escape platform. Both the pool and the platform
were painted black to eliminate visual cues. The pool featured
eight labeled start locations: NW, NE, SE, SW, south (S), north
(N), east (E), and west (W).

Procedure

The test was conducted in a well-lit room containing various
external visual cues such as racks, windows, doors, shelves,
computers, cameras, and the experimenter. Test was
performed according to the methods of previous research
(16171, Eight (8) rats from each group (total 24) were room
acclimatized for 7 days. This test was divided into reference
memory rest and a working memory test.

Every day each rat was brought into the memory lab for
reference and a working memory test. The initial trial was
started 30 minutes after administering the prefixed treatment
based on their group assignment.

Rat on platform

W: west; NW: northwest; SW: southwest; S: south; SE: southeast; E: east; NE: northeast; N: north.

Figure - I: Morris water maze pool (a) without water (b) with swimming rat (c) with rat on platform.

The Insight Volume 07

Number 02 July-December 2024

Page 70


https://en.wikipedia.org/wiki/Open_access

Reference Memory Test

The reference memory test consisted of three phases:
habituation, acquisition (training), and probe trial (Figure -
I1).

1. Habituation Phase (Days 19-21)

Each rat was introduced to the water pool for 3 minutes daily
over three consecutive days without the escape platform. This
allowed the rats to familiarize themselves with the pool
environment.

2. Acquisition Phase (Days 22-27)

During the acquisition phase, each rat underwent four
swimming trials daily for six consecutive days. The platform
was submerged 2 cm below the water surface and placed in a
specific quadrant, consistent across all trials for each day. The
starting locations for each trial were randomized. For the first
trial on Day 22, the platform was placed in the NE quadrant,
and the rat was released into the pool from the SW quadrant,
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facing the pool wall. The rat was allowed 60 seconds to locate
the platform. If it failed, it was gently guided to the platform
and allowed to remain there for 20 seconds before being
returned to its cage. A 30-second interval was maintained
between trials. Subsequent trials on the same day involved
start locations in the SE, S, and W quadrants, respectively.
Escape latency, defined as the time taken for a rat to locate the
platform, was recorded for each trial. The sequence of start
locations changed daily as detailed in Table I and Platform
position and sequence of start locations of the working
memory test in MWM as detailed in Table II.

3. Probe Trial (Day 28)

Twenty-four hours after the last acquisition trial, the platform
was removed from the pool. Each rat was released from a
distal starting point and allowed to swim for 60 seconds. The
number of crossings over the former platform location was
recorded as an indicator of spatial memory retention.

Reference memory test

Habituation
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Room
acclimatization
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Acquisition
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Probe trial
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Working memory test (WMT)

Figure - II: Work plan in different days of Morris water maze (MWM)

Table - I: Sequence of start locations in the acquisition phase of the reference memory testin MWM

Sequence of start locations

Days 1st trial 2nd trial 3rd trial 4th trial Platform
Day 22 Sw SE S w
Day 23 SE S w SW
Day 24 S w SwW SE NE
Day 25 w SW SE S
Day 26 SE SW w S
Day 27 w SE S Sw
SW: South-west; SE: North-east; NE: North-east; W: West; S: South
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Table - II: Platform position and sequence of start locations of the working memory testin MWM

Days Sequence of start locations Platform
1st trial 2nd trial 3rd trial 4th trial
Day 30 SE N S w NE
Day 31 NE NW N E SW
Day 32 SE E NE S NW
Day 33 NW w N NE SE

SW: South-west; SE: North-east; NE: North-east; W: West; S: South

Working Memory Test

The working memory test comprised two phases: pre-training
and training.

1. Pre-training Phase (Days 22-27)

The pre-training phase overlapped with the acquisition phase
of the reference memory test, providing rats with initial
exposure to the task and pool environment.

2. Training and Test Phase (Days 30-33)

After a rest period of four days, each rat underwent four trials
daily for four consecutive days. On the first day, the platform
was placed in the NE quadrant, and the starting locations were
sequentially chosen from SE, SW, S, and W quadrants. The
platform position changed daily, and the sequence of start
locations was randomized for each trial.
subjected to the same procedures as the acquisition phase,
and escape latency was recorded.

Preparation of AILE

The fresh leaves of Azadirachta indica extract were collected
from Bangladesh Agricultural University (BAU), Mymensingh,

The rats were

and identified by an expert taxonomist. Fresh green leaves of
A. Indica was washed, and diseased/dried leaves were
discarded. The clean leaves were shade-dried for 3 days. The
dried leaves were crushed and soaked in double-distilled
water in a 1:4 ratio for 3 days. The mixture was then filtered
using Whatman No.1 filter paper. The filtrate was heat-
evaporated to remove water and concentrate the extract. The
concentrated extract was stored in a refrigerator until use. It
was filtered, and the filtrate was concentrated over a water
bath to obtain a solidified extract.

Treatment Plan

The treatment plan involved distinct phases of room
acclimatization, habituation, acquisition, and testing. Each
group received either Azadirachta indica leaf extract (AILE),
ketamine, or normal saline (NS) as per group assignments.
(Table - III).

Table - III: Treatment plan for Morris water maze test

Phase Duration Day Treatment Platform
Room acclimatization 7 days Days 1-7 No treatment Without platform
Instrumental acclimatization 11 days Days 8-18 AILE or NS Without platform
Habituation 3 days Days 19-21 AILE or NS Without platform
Acquisition (reference memory) 6 days Days 22-27 AILE or NS + Ketamine With platform (4 trials/day)
Probe trial 1 day Day 28 AILE or NS Without platform
Working memory training & test 4 days Days 30-33 AILE or NS + Ketamine With platform (4 trials/day)

Sacrifice

Each rat was placed in a large glass desiccators and 5 to 6 ml
of di-ethyl ether (99%) was poured into it. The following 5 to
10 minutes the rat was observed closely. Painless death of the
deeply anaesthetized rats was ensured by decapitation. Later,
sacrificed animals were incinerated by prism, Bangladesh.
Data analysis

Results were expressed as mean * SEM (standard error of
mean). Statistical analysis was done by SPSS (version 16.0).

Statistical tests were carried out by ANOVA followed by
Bonferroni post Hoc test and paired Student’s t test. p< 0.05
was considered as statistically significant.

Study Variables

Study Variables for Morris Water Maze (MWM) Test shown in
Table IV.

Table - IV: Study Variables for Morris Water Maze (MWM) Test

Memory Type Aspect of Memory Variable Unit
Working Memory Acquisition & Retrieval Escape latency in training & test Seconds/trial
Acquisition & Retrieval Escape latency in the acquisition phase Seconds/day

Reference Memory

Retrieval

Target crossings Frequency/minute
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Ethical Considerations

All procedures involving animal subjects adhered to the
set by the Animal Experimentation Ethics
Committee of the International Centre for Diarrhoeal Disease
Research, Bangladesh (ICDDR,B). Ethical approval was
obtained following a thorough review by the Institutional
Review Board (IRB) of BSMMU.

guidelines

RESULTS

Escape latency of working memory testin MWM

In the present study, mean*SEM EL at 1st trial were
22.53+1.87, 40.62+1.59 and 21.65+2.16 seconds in Group 1
(G1) normal memory, Group 2 (G2) memory impaired, and
Group 3 (G3) experimental, respectively.

Similarly, at 2nd trial the variable were 11.53+0.74,
27.34+i.29, 11.00+2.16 seconds; at 3rd trial, 6.84+0.51,
18.96+1.98, 7.87+1.61 seconds; at 4th trial 6.84+0.37,
14.00+0.83 and 6.65+1.37 seconds in the G1, G2 and G3
respectively.

Here, mean values of this variable were significantly different
among all groups in all the experimental trials. = Moreover,
the mean+SEM EL of the G2 was significantly (p<0.001) higher
in comparison to those in group G1 in all trials of all the
experimental days.

In addition, mean values of this variable in G3 were
significantly (p<0.001) lower in comparison to those of G2 in
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all trials of all the experimental days. However, the
difference of mean values was statistically nonsignificant
between G1 and G3 in all trials of all experimental days.

Escape latency in acquisition phase of MWM: reference
memory acquisition

In the present study, mean+SEM EL at day 22 were 24+0.90,
46.84+1.59 and 27.65+2.66 seconds in G1, G2 and G3
respectively.

Similarly, at day 23 the variables were 20.18+1.57,47.03+£3.61
and 18.34+2.85 seconds; at day 24, 11.62+1.07, 47.06+£1.24
and 11.68+2.05 seconds; at day 25, 11.50+1.49, 35.34+1.92
and 7.34+0.84; at day 26, 7.50%£0.62, 29+40+1.99 and
7.25+0.69; at day 27, 5.96+0.38, 27.56+2, 37 and 5.43+0.45
seconds in G1, G2 and G3 respectively.

Here, mean values of this variable were significantly
(p=<0.001) different among all groups in trials of all the
experimental days (from day 22 to day 27).

In addition, mean+SEM EL of the G2 was significantly
(p<0.001) higher in comparison to those of G1 in all trials of
all the experimental days.

Moreover. mean values of this variable in the G3 was
significantly (p<0.001) lower in comparison to those of G2 in
all trials of all the experimental days. However, these
differences of mean values were statistically non-significant
between G3 and G1 in all the experimental days.

A. Escape latency (EL) in training and test
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Figure - III: A. Escape latency (EL) in training and test B. Escape latency in acquisition phase in different trials and
different days of Morris water maze test in different groups of rats.
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Trial 1: mean+ SEM of 4 T1s (trial 1) of 8 rats in 4 days of
training and test. Trial 2: mean+ SEM of 4 T2s (trial 2) of 8
rats in 4 days of training and test training and test. Trial 3:
mean+ SEM of 4 T3s (trial 3) of 8 rats in 4 days of training and
test. Trial 4: mean+ SEM of 4 T4s (trial 4) of 8 rats in 4 days of
training and test. Each day symbolizes mean +SEM escape
latency of 4 trials in that day of acquisition phase for 8 rats.
Statistical analysis was done by ANOVA (among group)
followed by Bonferroni’s post hoq test (between trial).  *:
Normal memory vs Memory impaired; #: Memory impaired vs
Experimental; $: Normal memory vs Experimental. In the

ISSN: 2663-9491 E-ISSN: 2789-6897

interpretation of results, p<0.05 was considered as significant.
*/#/$: p<0.05;** /##/$$: p<0.0;, ***/###/$$$: p<0.001.
Target crossings in MWM

In the present study, mean+SEM target crossings at day 28
were 8.20%0.35, 4.5+0.26 and 9.87+0.66 frequency/min in the
G1, G2, and G3, respectively.

Here, mean values of this variable in the G2 were significantly
lower (p<0.001) in comparison to the G1 in the probe trial
day. Moreover, mean+SEM target crossings in G3 were
significantly higher than those of G2 in the probe trial.
Furthermore, there was a significant (p<0.042) difference of
mean values between G1 and G2 and G3 on day 28. (Table - V)

Table - V: Number of target crossings in probe trial in MWM in different groups of rats

Experimental day Groups Target crossings (frequency/minute)
Group 1 (G1) normal memory 8.20+0.35 (7to9)
Day 28 (Probe trial) Group 2 (G2) memory impaired 4.50+0.26(3to 5)
Group 3 (G3) experimental 9.87+0 .66 (7 to 12)

Each column symbolizes mean+SEM for 8 rats. Values in
parenthesis indicate ranges. G1 = rats with oral normal saline
(5 ml/kg) for consecutive 26 days (day 8 to day 33). G2 = rats
with intraperitoneal (ip) ketamine (15 mg/kg) for consecutive
6 days of acquisition phase (day 22 to day 27). G3= rats with

oral Azadirachta indica leaf extract (300 mg/kg) for
consecutive 26 days (day 8 to day 33) and ip ketamine (15
mg/kg) for consecutive 6 days of acquisition phase (day 22 to
day 27). MWM: Morris water maze.
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Figure - IV. Number of target crossings on probe trial at day 28 of MWM in different groups of rats.

Each bar symbolizes a number of mean+SEM target crossings
for 8 rats. Statistical analysis was done by ANOVA (among
groups) followed by Bonferroni’s post hoq test (between
groups), *: Normal memory vs Memory impaired; #: Memory

DISCUSSION

The present study was undertaken to assess the effects of
AILE on memory and its potential involvement in modulating
NMDA receptor activity. Using ketamine-induced memory-
impaired male Wistar rats, the effects of AILE on the
acquisition and retrieval of both working and reference
memory were evaluated.

impaired vs Experimental; $: Normal memory vs
Experimental. In the interpretation of results, p<0.05 was
considered as significant. */#/$:p<0.05**/##/$$: p=<0.01,
x4/ $$9: p<0.001.

Our findings revealed that sub-anesthetic doses of ketamine
(15 mg/kg) significantly impaired working and reference
memory in rats alongside prolonged escape latency and
reduced target crossings in the Morris water maze, compared
to normal rats. These results align with prior studies,
suggesting that ketamine exerts its effects by blocking NMDA
receptors on the postsynaptic membrane of pyramidal
neurons in the prefrontal cortex [18]. This blockade likely
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disrupts persistent neural activity essential for working
memory maintenance [19].

Additionally, antagonistic effect on NMDA
receptors of GABAergic interneurons in the cerebral cortex
and hippocampus may lead to disinhibition of glutamatergic
presynaptic pyramidal neurons. This cascade could cause a
transient surge in glutamate release, initiating pathways
involving AMPA receptors and voltage-gated calcium channels
(VGCC) [2021], The subsequent
accumulation might disrupt calcium homeostasis, promote
mitochondrial dysfunction, and activate apoptotic pathways
[2223], These processes, coupled with increased oxidative
stress, likely underlie the memory impairments observed in
ketamine treated rats [24].,

Interestingly, our study found that AILE co-administration
prevented ketamine-induced memory deficits. Rats treated
with AILE showed increased target crossings in the Morris
compared to ketamine-only rats. These
observations are consistent with previous studies reporting
AILE's neuroprotective properties [12l. Although limited data
were available to compare other variables, potential
mechanisms underlying AILE’s effects include its ability to
reduce proapoptotic proteins such as cytochrome c and

caspase in the hippocampus and to mitigate oxidative stress
[25],

ketamine's

intracellular calcium

water maze

AILE’s effects may also involve quercetin, a flavonoid
constituent, which enhances NR2A and NR2B subunit
expression of NMDA receptors in mice [26l. This suggests that
AILE might counteract ketamine-induced NMDA receptor
antagonism by enhancing NMDA receptor function. As
ketamine's primary mechanism involves NMDA receptor
antagonism, the prevention of memory impairment by AILE in
this study highlights its potential role in modulating NMDA
receptor activity.

Notably, AILE not only prevented memory deficits but also
enhanced the retrieval of reference memory in experimental
rats compared to normal memory rats after a 24-hour
interval. To our knowledge, this is the first study to report this
unique beneficial effect of AILE on memory enhancement.
However, the lack of relevant literature highlights the need for
further investigation to elucidate the underlying mechanisms
of this observation. The findings of this study provide
evidence for the protective and memory-enhancing effects of
AILE in ketamine-induced memory impairment, potentially
mediated through modulation of NMDA receptor function,
reduction of oxidative stress, and suppression of apoptotic
pathways. These results highlight the therapeutic potential of
AILE in managing memory-related disorders.

CONCLUSION

The present study demonstrates that AILE significantly
mitigates ketamine-induced memory impairment in male
Wistar rats, as assessed through the MWM. Ketamine
administration caused deficits in both working and reference
memory, evidenced by increased escape latency and reduced
target crossings. However, AILE effectively reversed these
impairments, leading to a significant improvement in escape
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latency and an increase in target crossings, indicating
enhanced spatial learning and memory retrieval.

Additionally, AILE not only prevented memory deficits but
also enhanced reference memory retrieval beyond normal
levels, a novel and promising finding of this study. Further
investigations are needed to explore the molecular pathways
involved and to potential therapeutic
applications of AILE in memory-related disorders.

evaluate the

REFERENCES

1 Baddeley A. Working memory. Science. 1992 Jan
31,;255(5044):556-9.

2. Sahak MK, Mohamed AM, Hashim NH, Hasan Adli DS. Nigella
sativa oil enhances the spatial working memory performance of
rats on a radial arm maze. Evidence-Based Complementary and
Alternative Medicine. 2013;2013(1):180598.

3. Kandel ER, Schwartz JH, Jessell TM, Siegelbaum S, Hudspeth 4],
Mack S, editors. Principles of neural science. New York: McGraw-
hill; 2000 Jan.

4. Ellison G. The N-methyl-D-aspartate antagonists phencyclidine,
ketamine and dizocilpine as both behavioral and anatomical
models of the dementias. Brain Research Reviews. 1995 Feb
1;20(2):250-67.

5. Moosavi M, Khales GY, Rastegar K, Zarifkar A. The effect of sub-
anesthetic and anesthetic ketamine on water maze memory
acquisition, consolidation and retrieval. European journal of
pharmacology. 2012 Feb 29;677(1-3):107-10.

6. Boultadakis A, Pitsikas N. Anesthetic ketamine impairs rats’
recall of previous information: the nitric oxide synthase inhibitor
N-nitro-L-arginine methylester antagonizes this ketamine-
induced recognition memory deficit. The Journal of the American
Society of Anesthesiologists. 2011 Jun 1;114(6):1345-53.

7. Vorhees CV, Williams MT. Morris water maze: procedures for
assessing spatial and related forms of learning and memory.
Nature protocols. 2006 Aug;1(2):848-58.

8. Dinda A, Das D, Ghosh G, Kumar S (2011). Analgesic and anti-
inflammatory activity of hydro-alcoholic extract of Azadirachta
indica leaf. Pharmacologyonline. 3: 477-484.

9. Biswas K, Chattopadhyay 1, Ranjit K, Banerjee, Bandypadyay U
(2002). Biological activities and medicinal properties of neem.
Curr sci. 82(11): 1336-1342.

10. Ghimery AK, Jin CW, Ghimiri BK, Cho DH (2009). Antioxident
activity and quantitative estimation of azadirachtin and nimbin
in Azadirachta indica A. juss grown in foothill of Nepal. Afr ]
Biotechnol. 8(13). 3084-3091. doi: 10.1.1.1031.7573.

11. Badam L, Joshi SP, Bedekar SS (1999). In vitro antiviral activity
of neem leaf extract against group B coxsakiviruses. ] Common
Dis. 31(2): 79-90. PMID:10810594.

12. Yanpallewar S, Rai S, Kumar M, Chauhan S, Acharya SB (2005).
Neuroprotective effect of Azadirachta indica on cerebral post-
ischaemic reperfusion and hypoperfusion in rats. Life Sci.
76:1325-1338.doi: 10.1016/].LFS.2004.06.029.

13. Raghavendra M, Maiti R, Kumar S, Acharya S (2013). Role of
aqueous extract of Azadirachta indica leaves in an experimental
model of Alzheimer’s disease in rats. Int | App Basic Med Res.
3(1):37-47.doi: 10.4103/2229-516X.112239.

14. Daniel M, Fader AJ, Spencer AL, Dohanich GP (1997). Estrogen
enhances performance of female rats during acquisition of a
radial arm maze. Hormones and behavior. 32: 217-225.

15. Refinetti R, Horvath SM (1989). Thermopreferendum of the rat:
inter- and intra-subject variabilities. Behav Neural Biol. 52(1):
87-94. doi: 10.1016/50163-1047(89)90194-5.

16. Sarihi A, Motamedi F, Naghdi N, Rashidy-Pour A. Lidocaine
reversible inactivation of the median raphe nucleus has no effect

The Insight Volume 07

Number 02 July-December 2024

Page 75


https://en.wikipedia.org/wiki/Open_access

ISSN: 2663-9491 E-ISSN: 2789-6897

on reference memory but enhances working memory versions of 23. Braun S, Gaza N, Werdehausen R, Hermanns H, Bauer I, Durieux
the Morris water maze task. Behavioural brain research. 2000 ME, Hollmann MW, Stevens MF. Ketamine induces apoptosis via
Sep 1;114(12):1-9. the mitochondrial pathway in human lymphocytes and neuronal

17. Streck EL, Bavaresco CS, Netto CA, de Souza Wyse AT. Chronic cells. British journal of anaesthesia. 2010 Sep 1,105(3):347-54.
hyperhomocysteinemia provokes a memory deficit in rats in the 24. Onaolapo AY, Ayeni O], Ogundeji MO, Ajao A, Onaolapo O],
Morris water maze task. Behavioural brain research. 2004 Aug Owolabi AR. Subchronic ketamine alters behaviour, metabolic
31;153(2):377-81. indices and brain morphology in adolescent rats: Involvement of

18. Wesierska M, Macias-Gonzalez R, Buress . Differential effect of oxidative stress, glutamate toxicity and caspase-3-mediated
ketamine on the reference and working memory versions of the apoptosis. Journal of chemical neuroanatomy. 2019 Mar
Morris water maze task. Behavioral neuroscience. 1990 1;96:22-33.

Feb;104(1):74. 25. Bedri S, Khalil EA, Khalid SA, Alohairy MA, Mohieldein A,

19. Lisman JE, Fellous JM, Wang X]. A role for NMDA-receptor Aldebasi YH, Etet PFS, Farhana M (2013). Azadirachta indica
channels in working memory. Nature neuroscience. 1998 ethanolic extract protects neurons from apoptosis and mitigates
Aug;1(4):273-5. brain swelling in experimental cerebral malaria. Malaria

20. Mody I, MacDonald JF. NMDA receptor-dependent excitotoxicity: Journal. 12:298 doi:10.1186/1475-2875-12-298.
the role of intracellular Ca2+ release. Trends in pharmacological 26. Moghbelinjad S, Mohammadi G, Khodabandehloo F, Najafipour
sciences. 1995 Oct 1;16(10):356-9. R, Naserpour T, Rashvand Z, Nassiri-Asl M (2016). The role of

21. Aleksandrova LR, Phillips AG, Wang YT. Antidepressant effects of quercetin in gene expression of GluR1 subunit of AMPA receptors
ketamine and the roles of AMPA glutamate receptors and other and NR2A and NR2B subunits of NMDA receptors in kainic acid
mechanisms beyond NMDA receptor antagonism. Journal of model of seizure in mice. Iran red crescent Med J. inpress:
Psychiatry and Neuroscience. 2017 Jul 1;42(4):222-9. e42415. doi: 10.5812/ircmj.42415.

22. Zou X, Patterson TA, Sadovova N, Twaddle NC, Doerge DR, Zhang
X, Fu X, Hanig JP, Paule MG, Slikker W, Wang C. Potential
neurotoxicity of ketamine in the developing rat brain.

Toxicological sciences. 2009 Mar 1;108(1):149-58.
The Insight Volume 07 Number 02 July-December 2024

Page 76


https://en.wikipedia.org/wiki/Open_access

