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Article

Can vitamin D prevent and/or alleviate
hippocampal oxidative stress induced
spatial memory impairment? An experi-
mental study in male Long-Evans rats

Puspita Basak1, Fhamida Akter1, Rokhsana Binte Amin1,

Md. Saiful Islam1, Kazi Rafiqul  Islam2, Taskina Ali1

1. Department of Physiology, Bangabandhu Sheikh Mujib Medical
University, Bangladesh

2. Department of Pharmacology, Faculty of Veterinary Science,
Bangladesh Agricultural University, Bangladesh

Abstract

Background: As spatial memory is essential for our every day
lives, it’s impairment should be alleviated or prevented. For this,
drug treatments have extensive side effects and lengthy duration.
Objective: To assess the effects of vitamin D on spatial memory
performance and hippocampal oxidative stress markers in colchicine
induced memory impaired male Long-Evans rats. Methods: 30 male
Long-Evans rats (8±2 weeks; 225±75 gm) were grouped (6 rats/
group) into normal control, sham control, colchicine control, pre
colchicine D and post colchicine D. Then, reference memory (RM)
[Mean escape latency (EL) in acquisition phase, average EL of 5th

and 6th acquisition days; number of target crossing and time spent
in target in probe trial] and working memory (WM) [Mean EL and
savings in training and test phase] were assessed in Morris water
maze. After sacrifice, hippocampal malondialdehyde and glutathione
peroxidase were estimated for oxidative stress assessment. Data
were expressed as mean±SEM and statistical analysis was done
by one-way ANOVA followed by Bonferroni’s post hoc test. Result:
Colchicine impaired both RM and WM as well as increased oxidative
stress. Vitamin D prevented as well as alleviated WM impairment
except savings and improved oxidative stress. However, after
meticulous scrutiny of RM learning ability and consolidation, Pre
D Exp rats had significantly better performance than those of Post
D Exp rats. Conclusion: Vitamin D can prevent as well as alleviate
colchicine induced spatial WM dysfunction along with oxidative
stress but it was only found to be preventive, not alleviative in RM
improvement.

Key words: Memory impairment, colchicine, oxidative stress, vitamin
D,  malondialdehyde, glutathione peroxidase, hippocampus, Morris
water maze, reference memory, working memory
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Introduction as well as stressful lifestyles, along with clinical
disorders, including Alzheimer’s disease, brain
tumors, strokes, infections, and trauma to the
brain.18

The term ‘oxidative stress’ describes alterations
in cells brought about by reactive oxygen species
(ROS), which are known as free radicals.19By
various mechanisms, it can damage the cellular
membrane such as, lipid peroxidation, protein
oxidation and damage to DNA or RNA. Lipid
peroxidation end product MDA is commonly
measured as an indirect index of oxidative
stress.20 On the other hand, antioxidant is the
scavenging molecule that limits or prevents the
damaging effects of oxidants. Among them, super
oxide dismutase (SOD), catalase(CAT) and
glutathione peroxidase (GPx) act as first line
defense against oxidative injury. Due to high
metabolic activity, high density of oxidizable
substances, and relatively low antioxidant
defense, brain is very sensitive to oxidative
stress.21

In the last decade, few animal studies explored
the alleviative effects of vitamin D in the
improvement of memory impairment.7,11,12,22 The
effective dose, duration and route of this D
supplementation in memory impairment in
different animal studies were found to be 42 IU/
kg for 21 days7 and 50 IU/kg for 6 weeks23 in
subcutaneous route as well as 10 µg/kg for 14
days24 and 10,000 IU/kg for 4 weeks16 in
intraperitoneal route. However, to the best of our
knowledge, the protective benefits of vitamin D
against memory impairment and oxidative stress
in the hippocampal region have received little
attention in researches. Therefore, the goal of
the current study was to assess the impact of
vitamin D (10,000 IU for consecutive 28 days) on
hippocampal memory function and oxidative
stress markers in male Long-Evans rats, both
before and after colchicine-induced spatial
memory impairment.

Methods

Design and setting

This experimental study was conducted in the
Department of Physiology of Bangabandhu

itamin D, a fat-soluble vitamin, has
physiological importance mainly on
bone health and Ca2+ home-

ostasis.1Additionally, this vitamin has effective
role on multiple chronic diseases, such as,
malignancy,2cardiovascular disorder,3 respiratory
disorder4,5as well as enhancement of survival in
COVID-19 patients.6 Recently, the beneficial role
of this vitamin on memory impairment both in
animals7,8 and human have been reported.9

However, different mechanisms were postulated
for alleviative effect of D on memory impairment,
such as, by decreasing voltage gated Ca2+

channel (VGCC)10 or clearing amyloid â plaques7

or  inhibiting expression of cyclooxygenase-2
(COX-2) and inducible nitric oxide synthase
(iNOS).11 In addition, this vitamin was also found
to reduce oxidative stress and improve memory
impairment by decrement of malondialdehyde
(MDA)12along with increment of glutathione
peroxidase (GPx) level in hippocampus.7

Spatial memory refers to the part of the memory
system that stores and recalls of information
within the brain that is needed both to plan a
route to a desired location and to remember where
an object is located or where an event occurred.13

Both reference memory [form of long-term memory
that stores information for solving tasks and
reinforced by repeated training14] and working
memory [form of short-term memory that provides
information for brief periods of time while a
person makes plans for action using it14] depend
on the hippocampus, the most medial part of the
temporal lobe. So, hippocampal neuro-
degeneration may cause memory impairment and
oxidative stress is one of its most plausible
causes.15,16

Spatial memory impairment refers to unusual
forgetfulness which is distinctive from age-
related forgetfulness. It is one of the important
components of dementia whose prevalence is
currently more than 55 million worldwid.17 It is
related to sedentary lifestyles, physical inactivity

V
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Sheikh Mujib Medical University (BSMMU),
Dhaka, Bangladesh from March 2023 to February
2024 after obtaining ethical clearancefrom the
Institutional Review Board (Registration no.
4471)of that University.

Drugs

Colchicine was obtained from Incepta
Pharmaceuticals Ltd, Bangladesh. Vitamin D
(Incepta Pharmaceuticals Ltd, Bangladesh),
Normal saline (Popular Pharmaceuticals Ltd,
Bangladesh), gentamicin (Incepta Pharma-
ceuticals Ltd, Bangladesh), thiopental sodium
(Gonosasthaya Pharmaceuticals Ltd) and di-ethyl
ether (MERCK, Germany) were purchased from
local market.

Procurement  and maintenance of animals

A total of 30 male Long-Evans rats (8±2 weeks;
225±75 gm) were collected from the central animal
house of BSMMU. Then under a 12/12-hour light/
dark cycle, all the rats were kept in specially built
plastic cages with 6 rats per cage and room
temperature was maintained at 27°C, as the
thermoneutral zone for rodents is around 27 to
28°C. Rats were provided with standard
laboratory food and cooled boiled water ad
libitum, during acclimatization. All the
experiments were conducted according to the
Guidelines for the Animal Experimentation Ethics
Committee (AEEC, 15/05/2023)’of the
International Centre for Diarrheal Disease
Research, Bangladesh along with advice of an
expert veterinarian of Bangladesh Agricultural
University, Mymensingh, Bangladesh. All the
experiments were performed at daytime between
08:00 and 16:00 hours to avoid circadian
influences.

Experimental design and dose schedule

On the basis of treatments, all rats were randomly
divided into the following groups (6 rats/groups):

• Normal control (NC): No stereotaxic surgery
(SS); no normal saline (NS); no vitamin D.

• Sham control (SC): SS and hippocampal
infusion of 1 µl NS,25no vitamin D.

• Colchicine control (ColC): SS and
hippocampal infusion of 15 µg of
colchicinein 1 µl NS25 no vitamin D.

• Pre colchicine D (Pre D Exp): Intraperitoneal
(i.p.) 10,000IU vitamin D16 for 28 days
followed by SS and hippocampal infusion
of 15 µg of colchicine in 1 µl NS.

• Post colchicine D (Post D Exp): SS and
hippocampal infusion of 15 µg of colchicine
in 1 µl NS followed by i.p.10,000IU vitamin
D16for 28 days.

Hippocampal colchicine application by

stereotaxic surgery

According to previous researches,25,26 the
colchicine was administered into the rat
hippocampus by stereotaxic surgery (SS). Each
rat was deeply anesthetized with thiopental
sodium (45 mg/kg; i.p.) and was positioned in
stereotaxic apparatus. The scalp was incised,
retracted and two holes were drilled in the
skullaccording to the coordinates of the
hippocampus: -3.6 mm anterior-posterior, ± 2 mm
lateral-medial, and -3.4 mm dorso-ventral relative
to bregma. Then rat was infused through a
Hamilton micro syringe with 15µg of colchicine
in 1 µl normal saline in each hippocampusvery
slowly over 1 minute and the micro syringe was
kept place for the next minute (60 seconds) before
being slowly withdrawn. The scalp was then
closed with sutures and postoperative
gentamycin (5 mg/kg, i.p.) was given to prevent
sepsis.

Spatial memory assessment by Morris Water

Maze (MWM) test

Test tools and circumstances

According to previous researchers,27the
apparatus consisted of a large circular pool (150
cm in diameter X 50 cm high) filled with water.
The whole inner wall of the pool and platform
was painted withnon-toxic blackcolor to avoid
visual clue in the pool. The pool was placed in a
room containing extra maze cues, those could be
used by rats for their orientation. Eight points,
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north (N), south (S), east (E), west (W), north-
east (NE), north-west (NW), south-east (SE) and
south-west (SW) were used as starting positions
and divided the pool arbitrarily into four
quadrants. A black round platform (15 cm in
diameter X 28cm high) was placed in the center
of the NE quadrant with its top 2 cm below the
water surface, so as to be invisible from within
the pool. In Figure 1 and Figure 2, all five groups
of rats’ work plans were described.

Reference memory assessment

As shown in figure 1 and figure 2, ratswere
swimming for 3 minutes without platform for
consecutive 3 days for instrumental
acclimatization as well as for habituation phase
of reference memory version. Then in acquisition
phase, the rats were given four trials per day
over 6 consecutive days kept in a fixed position
(NE quadrant). In each trial, the rats were released
from a different starting point in a different
sequence in each day and given 60 sec to find
the platform and to climb onto it. A 50 sec (20 sec
on platform+30 sec for self-drying) intertrial time
was permitted. The latency to locate the platform
[mean escape latency (EL); time from the moment
of a rat’s entrance into the water up to it’s arrival
at the platform] was measured by using a stop
watch to assess rats’ learning ability. Similar 4
trials were given for all rats for consecutive 6
days. On the first trial each day rats reached the
platform by chance, that constituted the
information stage and the subsequent trials
required matching to the novel position for every
day, as platform was fixed for 6 days.  The average
EL of 5th and 6th acquisition days was measured
to assess memory consolidation. About 24 hours
after last trial of day 6 (on day 7), the platform
was removed from pool and final spatial probe
trial was given to assess learning strength/
retrieval. In this probe trial, rats were allowed to
swim ad libitum for 60 sec during which target
crossing (TC, the quadrant of MWM from where
the platform was removed) and time spent in
target (TT, the time spent in the quadrant from

where the platform was removed) were
measured.28

Working memory assessment

As shown in figure 1 and figure 2, about 48 hours
after probe trial, the working memory version of
the test was administered using a testing
paradigm adapted from Sarihi et al. (2000).39 Here,
the 6 days acquisition phase of reference memory
test was regarded as pre training phase of working
memory assessment. Then, a training and test
phase was conducted over 4 consecutive days
with 4 trials each day. Everyday, the platform
position was changed but kept constant for daily
4 trials. However, every rat was released from 4
different starting points in the 4 daily trials all of
which were distant from platform position. On
the first trial of each day, rats reached the platform
by chance, that constituted the information stage
and the subsequent trials required matching to
the novel position for that day as platform was
changed every day. The mean EL in training and
test phase was recorded as above to assess
learning ability and savings (the difference in
latency scores between trials 1 and 2, expressed
as percentage of trial 1 was measured to assess
leaning efficiency.28

Hippocampal oxidative stress marker assessment

Hippocampal tissue preparation and oxidative

stress markers assessment

Rats were sacrificed by decapitation under di-
ethyl ether (99%)anesthesia. The brains were then
quickly removed and hippocampus was
separated immediately followed by washing
withice cold phosphate buffer solution [(PBS);
0.1 M, pH:7.40].Next, using a glass homogenizer,
the tissues were weighed and homogenized in
PBS using Weight (gm): Volume (ml) = 1:4 ratio.
After that, the homogenate was centrifuged at
3500 rpm for 10 minutes in order to extract the
supernatant. The supernatant was collected for
analysis of MDA and GPx(Elab Science
Biotechnology, USA)through ELISA. If there was
any unintended delay then the supernatant was
kept in -200C in laboratory.
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Statistical analysis

All data were expressed as mean±SEM of the
study variables and analyzed using ANOVA
(among groups) followed by Bonferroni post hoc
test (between groups) in SPSS (version 25.0),
where p£0.05 was considered as statistically
significant.

Results

Effect of vitamin D on spatial memory impairment

induced by hippocampal colchicine

For reference memory performance
ColC rats showed significantly (p£0.001) higher
mean EL in comparison to those of SC rats.
However, Dsupplementation improvedlearning
ability performance, as evidenced by statistically
significant (p£0.001) differences in mean EL of
our ColC and experimental (Pre D Exp and Post D
Exp) rats. Strikingly, the differences of this variable
between experimental (Pre D Exp and Post D Exp)
and NC rats were found statistically non-
significant in the last acquisition day. However,
the differences of mean EL between Pre D Exp vs
Post D Exp rats were found statistically non-
significant in all acquisition days (Figure 3A).
These data demonstrated that the learning ability
of reference memory was impaired by colchicine
and reversed almost to normal by systemic D.

In figure 3B, the mean value of average EL in 5th

and 6th acquisition days was significantly
(p£0.01) higher in our ColC rats than those of SC
rats. Moreover, D supplementation showed
significantly lower average EL in both groups of
our experimental [Pre D Exp (p£0.01) and Post D
Exp(p£0.05)] rats than that of ColC rats. On the
contrary, the differences of this variable between
our NC vs experimental rats along with Pre D Exp
vs Post D Exp rats were found statistically non-
significant. This result represented that colchicine
induced consolidation disability in our ColC rats
and our vitamin improved it similar to normal rats.

In our study, ColC rats showed retrieval
impairment, as evidenced by significantly
(p£0.001) lower TC and TT than those of SC

Figure 1: Working plan for control rats

A) normal control; B) sham control; C)

colchicine control RMT: Reference
memory test; WMT: Working memory test;
RA=Room acclimatization; PSP=Post-
surgical period; Hab.=Habituation;
Acq.=Acquisition; PT=Probe trial;
IA=Instrumental acclimatization; Pret.=
Pretraining; Tt=Training and test;
NS=Normal saline;SS=Stereotaxic
surgery;Col.=Colchicine
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Figure 2: Working plan for experimental rats A) Pre colchicine D; B) Post colchicine DRMT:
Reference memory test; WMT: Working memory test; RA=Room acclimatization; PSP=Post-surgical
period; Hab.=Habituation; Acq.=Acquisition; PT=Probe trial; IA=Instrumental acclimatization; Pret.=
Pretraining; Tt=Training and test; NS=Normal saline; SS=Stereotaxic surgery; Col.=Colchicine.
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Table I: Study variables

Spatial Spatial memory Variables; Units

memory type perspective

Reference memory Learning ability Mean escape latency (in acquisition phase); seconds

For memory Consolidation Average escape latency of 5th and 6th acquisition

performance days (in acquisition phase); seconds

Learning strength Target crossing; frequency/minute, Time spent in
(Retrieval) target; seconds/minute

Working memory Learning ability Mean escape latency (in training and test phase); seconds
Learning efficiency Savings; seconds

For hippocampal Oxidant Malondialdehyde (MDA); ng/mg protein

oxidative stress Antioxidant Glutathione peroxidase (GPx); pg/mg protein
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rats.This vitamin carried out significantly
(p£0.001) higher TC and TT in both of our
experimental (Pre D Exp and Post D Exp) rats than
that of ColC rats.And, statistical analysis revealed
that the differences in these variables between
our NC vs experimental rats and Pre D Exp vs
Post D Exp rats were not significant (Figure3C,
Figure 3D).These data indicated that learning
strength (retrieval) was hampered by colchicine
and prevented as well as alleviated almost to
normal by vitamin D.

for working memory performance
Here, figure 4A showed that ColC rats had
significantly (p£0.001) higher mean EL in
comparison to those of SC rats. However, vitamin
D improved learning ability performance, as
evidenced by statistically (p£0.01 in trial 1, 2, 3;
p£0.001 in trial 4) significant differences in mean
EL of our ColC and experimental (Pre D Exp and
Post D Exp) rats.Strikingly, the differences of this
variable between NC vs experimental ratsin trial
4 and Pre D Exp vs Post D Exp rats in all trials in

Figure 3: Reference memory performance in the Morris Water Maze test.Mean escape latency (EL)
of 4 trials (1st /2nd /3rd /4th) in consecutive 6 days (A); average EL of 5th and 6th acquisition days
(B);target crossing (C);and time spent in target (D).Data were in mean±SEM for 6 rats.Statistical
analysis was done by ANOVA (among groups) followed by Bonferroni’s post hoc test (between
groups). * = SC vs ColC, # = ColC vs Pre D Exp, $ = ColC vs Post D Exp, • = NC vs Pre D Exp, ¥ = NC
vs Post D Exp. In the interpretation of results, p£0.05 was considered as significant. */#/$/•/¥ =
p£0.05; **/##/$$/••/¥¥ = p£0.01; ***/###/$$$/•••/¥¥¥ = p£0.001.NS=Normal saline; SS=Stereotaxic
surgery. Normal control=No NS, no SS, no D, Sham control= NS with SS, no D; Colchicine
control=Colchicine with SS, no D; Pre colchicine D=10,000IU D for 28 days, before colchicine with SS;
Post colchicine D= 10,000IU D for 28 days, after colchicine with SS
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all test days were found statistically non-

significant.These data revealed that colchicine

impaired the learning ability of working memory

and this impairment was reversed near to normal

by systemic D.

In our experiment, ColC rats showed

significantly (p£0.01)lower savings (i.e., learning

inefficiency) in comparison to those of SC rats.

But D supplementation could not improve

savings in our experimentalrats, as evidenced

by non-significant difference between our ColC

and experimental rats. However, the differences

of this variable were found statistically

significant between NC vs Pre D Exp(p£0.01)

and NC vs Post D Exp(p£0.05) but statistically

non-significant between Pre D Exp vs Post D

Exp rats (Figure 4B). Above data indicated that

our D supplementation protocol could not

prevent or alleviate colchicine induced learning

inefficiency.

Effect of vitamin D on hippocampal oxidative

status in duced by colchicine -

In figure 5, we observed that our ColC rats

showed significantly (p£0.001) higher

hippocampal MD Aand lower GPx level in

comparison to those of Sc rats. However, vitamin

D caused a significantly lower MDA and higher

GPx in Pre D Exp (p£0.001) as well as in Post D

Exp (p£0.01; p£0.001) rats in comparison to those

of ColC rats. Strikingly, therewas non-significant

differences between NC vs Pre D Exp and NC vs

Post D Exp as well as Pre D Exp vs Post D Exp

rats. Following data denoted that, colchicine

caused hippocampal oxidative stress and our D

could prevent and alleviate this stress near to
normal.

Figure 4: Working memory performance in the Morris Water Maze test. Mean escape latency (EL)
of 4 trials (1s,2s,3s,4s) in consecutive 4 days; and savings (B). Data were in mean±SEM for 6 rats.
Savings =Differences of trial 1 and trial 2, expressed as percentage of trial 1. Statistical analysis was
doneby ANOVA (among groups) followed by Bonferroni’s post hoc test (between groups). * = SC vs
ColC, # = ColC vs Pre D Exp, $ = ColC vs Post D Exp, • = NC vs Pre D Exp, ¥ = NC vs Post D Exp. In the
interpretation of results, p£0.05 was considered as significant. */#/$/•/¥ = p£0.05; **/##/$$/••/¥¥ =
p£0.01; ***/###/$$$/•••/¥¥¥ = p£0.001. NS=Normal saline; SS=Stereotaxic surgery. Normal control=No
NS, no SS, no D, Sham control= NS with SS, no D; Colchicine control=Colchicine with SS, no D; Pre
colchicine D=10,000IU D for 28 days, before colchicine with SS; Post colchicine D= 10,000IU D for 28
days, after colchicine with SS
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Discussion

Memory, especially spatial memory, one of the
most complex process of the brain, which is
necessary for proper functioning of any living
being. If it is impaired, one’s intellectual ability
would be hindered sufficiently enough, to
interfere his/her personal behaviors and social
communications.

Here, our spatial memory impaired rats showed
both reference and working memory deficit along
with oxidative stress as evidenced by lowered
learning ability, consolidation, learning efficiency,
learning strength (retrieval) as well as increment
of malondialdehyde (MDA) and decrement of
glutathione peroxidase (GPx) in comparison to
those of normal and sham control rats. Similar
findings were reported by Kumar et al.29 and
Pourkhhodadad et al.30 in colchicine induced
memory impaired rats.

In our spatial memory impaired rats, colchicine
might increase the formation of Beta amyloid
protein (BAP)31 by increasing the action of b

and g secretase on amyloid precursor protein
(APP)14. This BAP might accumulate
extracellularly forming Abplaques14,32resulted in
neuronal death. These plaques might also initiate
an inflammatory response,14 along with direct
action of colchicine on increment of
cyclooxygenase-2 (COX-2) mRNA expression in
hippocampus,33 resulted in hippocampal
neuroinflammation and neuronal death.

Moreover, colchicine also might induce direct
nitric oxide (NO) production34 by activation of
inducible nitric oxide synthase (iNOS) enzyme.32

This NO might react with superoxide anions (.O-

2) rapidly to form peroxynitrite (ONOO.) resulted
in oxidative stress and hippocampal neuronal
death. In addition, this neurotoxic agent might
elevate glutamate binding site in hippocampal
neurons.25Excessive glutamate activity might
cause a-amino-3-hydroxy-5-methyl-isoxazole-
propionic acid (AMPA) receptor mediated Na+

and Ca2+ influx and neuronal excitotoxicity. This
might further enhance Ca2+ influx through N-
methyl-D-aspartate (NMDA) receptor in neurons.

0.000

2.000

4.000

6.000

8.000

10.000

12.000

14.000

16.000

18.000

20.000

M
D

A
   

(n
g/

m
g

pr
ot

ei
n)

***

###
$$

A

NC         SC      ColC     Pre D Exp Post D Exp

G
P

x
   

(p
g/

m
g

pr
ot

ei
n)

0

50

100

150

200

250

300

350

***

###

B

NC          SC         ColC   Pre D Exp  Post D Exp

$$$

Figure 5: Hippocampal Malondialdehyde (MDA) (A) and Hippocampal Glutathione peroxidase (GPx)

(B) level in different groups of rats.Data were in mean±SEM for 6 rats. Statistical analysis was done
by ANOVA (among groups) followed by Bonferroni’s post hoc test (between groups). * = SC vs ColC,
# = ColC vs Pre D Exp, $ = ColC vs Post D Exp, • = NC vs Pre D Exp, ¥ = NC vs Post D Exp. In the
interpretation of results, p£0.05 was considered as significant. **/##/$$/••/¥¥ = p£0.01; ***/###/
$$$/•••/¥¥¥ = p£0.001. NC=Normal control; NS=Normal saline; SS=Stereotaxic surgery; SC=Sham
control; ColC=Colchicine control; Pre D Exp=Pre colchicine D; Post D Exp=Post colchicine D. Normal
control=No NS, no SS, no D, Sham control= NS with SS, no D; Colchicine control=Colchicine with SS,
no D; Pre colchicine D=10,000IU D for 28 days, before colchicine with SS; Post colchicine D= 10,000IU
D for 28 days, after colchicine with SS.
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Both of these effects resulted in excess
depolarization of hippocampal neurons causing
increased ATP consumption by NA+/K+ ATPase.
This might stimulate oxidative phosphorylation
followed by .O-2- anion formation.51 In addition
to increment of ATP consumption, this
depolarization might open a large number of
voltage gated Ca2+ channel (VGCC) and might
increase intracellular Ca2+, causing augmentation
of NOS activity.36 This process might be
responsible oxidative stress36 and neuronal death
in hippocampus. Moreover, this markedly
increased .O-2 and ONOO. might cause lipid
peroxidation19 and might elevate hippocampal
MDA level in our memory impaired rats.30In
addition, this increment of oxidants might cause
increased consumption of GPx19 for oxidative
balance and decrease GPx concentration30 in
hippocampus.

In our study, intraperitoneal vitamin D might
cause neuroprotection by clearing of Ab
plaques7,16 through enhancing it’s phagocytosis
by macrophages37. This vitamin might also
reduce neuroinflammation by inhibiting the
expression of COX-2 mRNA along with cessation
of NO synthesis by inhibiting the iNOS activity
directly.11 In addition, D supplementation might
enhance choline acetyl transferase (ChAT) and
decrement of acetylcholine esterase (AhCE)38 in
hippocampus and improve the cholinergic
system driven spatial learning and memory
impairment in our rats. Moreover, this multipotent
vitamin might regulate Ca2+ homeostasis by
down regulating the VGCC in hippocampal
neurons.10

In addition, D reduced oxidative stress in our
experimental (pre and post treated) rats as
evidenced by decrement of MDA and increment
of GPx when compared to spatial memory
impaired rats. Similar MDA reducing effect of
vitamin D was reported byMohamed et al. (2015)7

in colchicine induced memory impaired rat model.

Here, in this aspect,D might protect cell membrane
of our experimental rats through inhibition of lipid

peroxidation resulted in decrement of MDA12,16

and increment of GPx leve12,16,39 via stimulating
the antioxidant gene expression of nuclear factor
erythroid 2- related factor 2 (Nrf2) system.40

As a whole, both of our experimental rats (Pre D
Exp and Post D Exp) showed almost similar
reference memory (on last acquisition day; Figure
3A) and working memory (in last trial; Figure 4A)
performances as well as oxidative stress status
when compared to those of our normal rats,
except savings. From these findings we proposed
that our 28 days vitamin D schedule could reverse
almost all the aspects of spatial memory disability
and oxidative stress near to normal. These results
also revealed that, the improvement of learning
disability in reference (Figure 3A) as well as
working (Figure 4) memory of our experimental
rats were somewhat slower than those of normal
control rats. It indicated that, their speed of
acquisition41 for learning was low.

Furthermore, when we compared all of these
spatial memory and oxidative stress variables
between our two experimental groups, they were
visualized to be statistically similar preliminarily
(Figure 3, 4,5). However, to scrutinize the learning
ability of reference memory between our 2
experimental groups (Pre D Exp vs Post D Exp)
more precisely, we analyzed the reference memory
escape latencies (EL) through a trial by trial
basis(Figure 6, table I). Here, in the 1st trial of 1st

acquisition day, the latencies to find the platform
was significantly higher in our memory impaired
rats in comparison to those of other rats and
were not decreased any of the following
acquisition days. It indicated that our colchicine
induced memory impaired rats neither acquire nor
retain any new information in whole of our
reference memory version of MWM.

On the contrary, all the other rats quickly
improved their performances, that is EL, with
repeated trials (Trial 1 to 4), though our
experimental (Pre D Exp and Post D Exp) rats
required a relatively longer EL in 1st trial from 3rd
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acquisition day onwards in comparison to
controls.In addition, our normal control rats
reached a steady performance (i.e., similar EL in
2nd, 3rd, 4th trials along with similar EL between
last and first trial of two consecutive days)41

almost on 3rd acquisition day. Whereas, only the
Pre D Exp rats  (not Post D Exp) could avail this
steady state on the 5th and 6thacquisition day
(Table I) i.e., non-significant differences between
EL on 2nd, 3rd, 4th trials (Figure 6; statistical
analysis not shown) and similar EL between day
5trial 4 and day 6trial 1 (p = 0.331, table II).

These findings exhibited that, our D
supplementation before hippocampal damage
could help to regain the RM as well as WM
learning ability as well as consolidation power,
though it was a little bit slower to develop in
comparison to those of normal rats. On the
contrary, unlike to normal rats, our Post D Exp
rats were unable to consolidate the learned
information from previous day and had to
systematically relearn the platform position again
everyday.

This proposal was further supported by
comparatively better consolidation power
[average EL of 5th and 6th acquisition days (20.39
vs 22.37); figure 3B] along with comparatively
better oxidative status [hippocampal MDA (9.85
vs 11.13) and GPx(312.99 vs 298.58)level, figure
5] in Pre D supplemented rats in comparison to
those of Post D supplemented group, though
the differences between them were statistically
non-significant.

In addition, in our study, we used 15 µg of
colchicine in each hippocampus to cause spatial
memory impairment by extensive hippocampal
cells damage along with hippocampal atrophy,
as proposed by Nakagawa et al. (1987).25As the
spatial memory improvement in our experimental
rats were prevented by the 28 days vitamin D
supplementation schedule, so it is functionally
verified that both of hippocampal neurogenesis
as well as volume increment have been occurred

here. This proposal is further supported by Barrett
et al. (2019).14 But it was our limitation that we
could not demonstrate it morphologically.

Conclusion

Vitamin D can prevent as well as alleviate
intrahippocampal colchicine induced spatial
working memory dysfunction along with
oxidative stress in male Long-Evans rats.
However, in perspective of spatial reference
memory improvement, it was only found to be
preventive, not alleviative. In addition, D
supplementation was sufficient enough to
prevent these alarming consequences to almost
normal, but somewhat slowly.

Conflict of interest

Authors declare no conflict of interest.

Acknowledgement

We acknowledge Bangabandhu Sheikh Mujib
Medical University (BSMMU) for financing this
research partially by a research grant. We also
like to thanks Professor Dr. Birendra Nath Mallick
(Director of Amity Institute of Neuropsychology
and Neuroscience, Uttar Pradesh, India) for his
valuable suggestion and helping us in proper
conduction of stereotaxic surgery. We also like
to thanks Incepta Pharmaceuticals Ltd,
Bangladesh for providing us colchicine powder.

References

1. Hall JE, Hall ME. Guyton and Hall textbook of

medical physiology. 14thed. India (New Delhi):
Elsevier; 2021. p. 991-1009

2. Garland CF, Garland FC, Gorham ED, Lipkin M,
Newmark H, Mohr SB, Holick MF. The role of
vitamin D in cancer prevention. Am J Public Health

2006; 96(2):252-61. Doi:10.2105/AJPH.

2004.045260

3. Wang TJ, Pencina MJ, Booth SL, Jacques PF,
Ingelsson E, Lanier K, Benjamin EJ, D’Agostino

RB, Wolf M, Vasan RS. Vitamin D deficiency and

risk of cardiovascular disease. J Neurosci 2008;
117(4):503-511. Doi:10.1161/circulationaha.

107.706127

J Bangladesh Soc Physiol.  2024, June; 19(1): 68-81 78

Vitamin D protects spatial memory impairment in rats Basak et al.



79

4. Kunisaki KM, Niewoehner DE, Singh RJ, Connett

JE. Vitamin D status and longitudinal lung function

decline in the lung health study. Eur Respir J2011;
37(2):238-43. Doi:10.1183/09031936.00146509

5. Anjum S, Ali T, Bennoor KS, Hossain MA, Islam

MS, Mahmud MB, Hassan S, Nahar SB, Rosy SK,

Sultana N, Akter K. Vitamin D3 supplementation

on plasma antioxidant enzymes in D3 deficient

patients with COPD-a randomized controlled trial.

J Bangladesh Soc Physiol 2020; 15(1):23-32.

Doi:10.3329/jbsp.v15i1.48112

6. Annweiler C, Hanotte B, de l’Eprevier CG, Sabatier

JM, Lafaie L, Célarier T. Vitamin D and survival in

COVID-19 patients: A quasi-experimental study. J

Steroid Biochem Mol Biol 2020; 204:105771.

Doi:10.1016/j.jsbmb.2020.105771

7. Mohamed AR, Soliman GY, Ismail CA, Mannaa

HF. Neuroprotective role of vitamin D3 in

colchicine-induced Alzheimer’s disease in rats.

Alexandria J Med 2015; 51(2):127-

136.Doi:10.1016/j.ajme.2014.05.005

8. Uthaiah CA, Devaru NC, Shivakumar NH,

Madhunapantula SV. Vitamin D mitigates

hyperglycemia-induced cognition decline in Danio

rerio (Zebrafish) through the activation of

antioxidant mechanisms. Antioxidant 2022;

11(11):2114. Doi:10.3390/antiox11112114

9. Filippelli M, Campagna G, Vito P, Zotti T, Ventre

L, Rinaldi M, Bartollino S, dell’Omo R, Costagliola

C. Anti-inflammatory effect of curcumin,

homotaurine, and vitamin D3 on human vitreous

in patients with diabetic retinopathy. Front Neurol

2021; 11:592274.Doi:10.3389/fneur.2020.592274

10. Brewer LD, Thibault V, Chen KC, Langub MC,

Landfield PW, Porter NM. Vitamin D hormone

confers neuroprotection in parallel with

downregulation of L-type calcium channel

expression in hippocampal neurons. Neurosci J

2001; 21(1):98-108. Doi:10.1523/

JNEUROSCI.21-01-00098.2001

11. Leal LKAM, Lima LA, de Aquino PEA, de Sousa

JAC, Gadelha CVJ, Calou IBF, Lopes MJP, Lima

FAV, Neves KRT, de Andrade GM, de Barros Viana

GS. Vitamin D (VD3) antioxidative and anti-

inflammatory activities: Peripheral and central

effects. Eur J Pharmacol 2020; 879:173099.

Doi:10.1016/j.ejphar.2020.173099

12. Mokhtari-Zaer A, Hosseini M, Salmani H, Arab Z,

Zareian P. Vitamin D3 attenuates lipopolys-

accharide-induced cognitive impairment in rats by

inhibiting inflammation and oxidative stress. Life

sci 2020; 253:117703.Doi:10.1016/j.lfs.2020.

117703

13. Madl T, Chen K, Montaldi D, Trappl R.

Computational cognitive models of spatial memory

in navigation space: A review. Neural Netw 2015;

65:18-43. Doi:10.1016/j.jchemneu.2004.08.006

14. Barrett KE, Barman SM, Brooks HL, Yuan J.

Ganong’s review of medical physiology. 26thed. New

York: McGraw-Hill Medical; 2019. p. 283-296.

15. Nunomura A, Castellani RJ, Zhu X, Moreira PI,

Perry G, Smith MA. Involvement of oxidative stress

in Alzheimer disease. J Neuropathol Exp Neurol

2006; 65(7):631-41.Doi:10.1097/01.jnen.

0000228 136.58062.bf

16. Bakhtiari-Dovvombaygi H, Izadi S, Zare M,

AsgariHassanlouei E, Dinpanah H, Ahmadi-

Soleimani SM, Beheshti F. Vitamin D3

administration prevents memory deficit and

alteration of biochemical parameters induced by

unpredictable chronic mild stress in rats. Sci Rep

2021; 11:162171. Doi:10.1038/s41598-021-

95850-6

17. World Health Organization. Dementia [Internet]

[Cited on 15 may, 2023]; 2023. Available from:

https://www.who.int/news room/factsheets/detail/

dementia.

18. Gironi M, Bianchi A, Russo A, Alberoni M, Ceresa

L, Angelini A, Cursano C, Mariani E, Nemni R,

Kullmann C, Farina E. Oxidative imbalance in

different neurodegenerative diseases with memory

impairment. Neurodegener Dis 2011; 8(3): 129-

37. Doi:10.1159/000319452

19. Kumar V, Abbas AK, Aster JC. Robbins basic

pathology. 10th ed. Philadelphia, Pennsylvania:

Elsevier; 2018. p. 31-56

20. Deavall DG, Martin EA, Horner JM, Roberts R.

Drug-induced oxidative stress and toxicity. J

Toxicol 2012; 2012: 645460. Doi:10.1155/2012/

645460

21. Halliwell B, Gutteridge JM. Free radicals in biology

and medicine. 5th ed. USA: Oxford university press;

2015.p.600-603

79 J Bangladesh Soc Physiol.  2024, June; 19(1): 68-81

Vitamin D protects spatial memory impairment in rats Basak et al.



22. Bao Z, Wang X, Li Y, Feng F. Vitamin D alleviates

cognitive dysfunction by activating the VDR/ERK1/

2 signaling pathway in an Alzheimer’s disease mouse

model. Neuroimmunomodulation 2021; 27(4):178-

185. Doi:10.1159/000510400

23. Salemi S, Zamanian MY, Giménez Llort L, Jalali Z,

Mahmoodi M, Golmohammadi M, Kaeidi A,

Taghipour  Z, Khademalhosseini  M, Modanloo

M, Hajizadehi  MR. Distinct signatures on d

galactose induced aging and preventive/protective

potency of two low dose vitamin D

supplementation regimens on working memory,

muscular damage, cardiac and cerebral oxidative

stress, and SIRT1 and calstabin2 downregulation.

Food Sci Nutr 2023; 11(9):5050-5062.

Doi:10.1002/fsn3.3422

24. Atwal N, Bindra CS, Jain UK. Investigations on

molecular mechanism involved in neuroprotective

effect of vitamin d against sodium azide induced

alzheimer’s disease in rats. World J Pharm Res 2016;

5(6):1154-1172. Doi:10.20959/wjpr20166-6266

25. Nakagawa Y, Nakamura S, Kaœe Y, Noguchi T,

Ishihara T. Colchicine lesions in the rat

hippocampus mimic the alterations of several

markers in Alzheimer’s disease. Brain Res 1987;

408(1-2):57-64. Doi:10.1016/0006-8993(87)

90358-1

26. Paxinos G, Watson C. The rat brain in stereotaxic

coordinates. 6th ed. Paris. Armstredium: Elsevier.

2007.p XII, p XXIX

27. Sarihi A, Motamedi F, Naghdi N, Pour AR. Lidocaine

reversible inactivation of the median raphe nucleus

has no effect on reference memory but enhances

working memory versions of the Morris water maze

task. Behav Brain Res 2000; 114(1-2):1-9.

Doi:10.1016/S0166-4328(00)00176-5

28. Wisman LA, Sahin G, Maingay M, Leanza G, Kirik

D. Functional convergence of dopaminergic and

cholinergic input is critical for hippocampus-

dependent working memory. J Neurosci 2008;

28(31):7797-807. Doi:10.1523/

JNEUROSCI.1885-08.2008

29. Kumar A, Aggrawal A, Pottabathini R, Singh A.

Possible neuroprotective mechanisms of clove oil

against icv-colchicine induced cognitive

dysfunction. Pharmacol Rep 2016; 68(4): 764-72.

Doi:10.1016/j.pharep.2016.03.005

30. Pourkhodadad S, Alirezaei M, Moghaddasi M,

Ahmadvand H, Karami M, Delfan B, Khanipour Z.

Neuroprotective effects of oleuropein against

cognitive dysfunction induced by colchicine in

hippocampal CA1 area in rats. J Physiol Sci 2016;

66 (5):397-405. Doi:10.1007/s12576-016-04

37-4

31. Joy T, Rao MS, Madhyastha S, Pai K. Effect of N

acetyl cysteine on intracerebroventricular

colchicine induced cognitive deficits, beta amyloid

pathology, and glial cells. Neurosci J 2019;

2019:7547382. Doi:10.1155/2019/7547382

32. Sil S, Ghosh T. Role of cox-2 mediated

neuroinflammation on the neurodegeneration and

cognitive impairments in colchicine induced rat

model of Alzheimer’s Disease. J Neuroimmunol

2016; 291:115-24. Doi:10.1016/j.jneuroim.

2015.12.003

33. Ho L, Osaka H, Aisen PS, Pasinetti GM. Induction

of cyclooxygenase (COX)-2 but not COX-1 gene

expression in apoptotic cell death. J Neuroimmunol

1998; 89(1-2): 142-9. Doi:10.1016/S0165-

5728(98)00132-5

34. Dufourny L, Leroy D, Warembourg M. Differential

effects of colchicine on the induction of nitric

oxide synthase in neurons containing progesterone

receptors of the guinea pig hypothalamus. Brain

Res Bull 2000; 52(5):435-43. Doi:10.1016/S0361-

9230(00)00286-0

35. Sil S, Ghosh T, Ghosh R, Gupta P. Nitric oxide

synthase inhibitor, aminoguanidine reduces

intracerebroventricular colchicine induced

neurodegeneration, memory impairments and

changes of systemic immune responses in rats. J

Neuroimmunol 2017; 303:51-61. Doi:10.1016/

j.jneuroim.2016.12.007

36. Coyle JT, Puttfarcken P. Oxidative stress,

glutamate, and neurodegenerative disorders. Sci.

1993; 262(5134):689-95. Doi: 10.1126/science.

7901908

37. Masoumi A, Goldenson B, Ghirmai S, Avagyan H,

Zaghi J, Abel K, Zheng X, Espinosa-Jeffrey A,

Mahanian M, Liu PT, Hewison M. 1á, 25-

dihydroxyvitamin D 3 interacts with curcuminoids

to stimulate amyloid-â clearance by macrophages

of Alzheimer’s disease patients. J Alzheimers Dis

2009; 17(3):703-17. Doi:10.3233/JAD-2009-

1080

J Bangladesh Soc Physiol.  2024, June; 19(1): 68-81 80

Vitamin D protects spatial memory impairment in rats Basak et al.



81

38. Alrefaie Z, Alhayani A. Vitamin D3 improves

decline in cognitive function and cholinergic

transmission in prefrontal cortex of
streptozotocin-induced diabetic rats. Behav Brain

Res 2015; 287: 156-62. Doi:10.1016/j.bbr.2015.

03.050

39. Masjedi F, Keshtgar S, Zal F, Talaei-Khozani T,

Sameti S, Fallahi S, Kazeroni M. Effects of vitamin

D on steroidogenesis, reactive oxygen species

production, and enzymatic antioxidant defense in

human granulosa cells of normal and polycystic

ovaries. J Steroid Biochem Mol Biol 2020;

197:105521. Doi:10.1016/j.jsbmb.2019.105521

40. Nakai K, Fujii H, Kono K, Goto S, Kitazawa R,

Kitazawa S, Hirata M, Shinohara M, Fukagawa M,

Nishi S. Vitamin D activates the Nrf2-Keap1

antioxidant pathway and ameliorates nephropathy

in diabetic rats. Am J Hypertens 2014; 27(4):586-

95. Doi:10.1093/ajh/hpt160

41. Netto CA, Hodges H, Sinden JD, Le Peillet E,

Kershaw T, SowinskiP, Gray JA. Effects of fetal

hippocampal field grafts on ischaemic-induced

deficits in spatial navigation in the water maze.

Neurosci 1993; 54(1):69-92. Doi:10.1016/0306-

4522(93)90384-R.

81 J Bangladesh Soc Physiol.  2024, June; 19(1): 68-81

Vitamin D protects spatial memory impairment in rats Basak et al.




