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ABSTRACT

Background: Chronic administration of D-galactose and aluminium chloride (D-gal/AICl,) has
been associated with neurodegenerative diseases, such as Alzheimer’s disease (AD). Delta-
9-tetrahydrocannabinol (A°THC) is the key psychoactive constituent in Cannabis sativa and has
shown promising memory-enhancing capability. This study evaluated the therapeutic effects
of A°THC on D-gal/AlCl-induced AD-like rat models through behavioural and histological
analysis. Materials and Methods: Healthy male Wistar rats were subjected to AD induction
by administering D-gal (60 mg/kg, intraperitoneal injection) and AICI, (200 mg/kg, oral) once
daily for 10 consecutive weeks. Afterwards, A°THC (0.75 mg/kg, 1.5 mg/kg, and 3.0 mg/kg) were
administered for 28 days as a treatment phase. Morris Water Maze (MWM) was employed to
assess the rats’ behaviour. The structural abnormalities in the hippocampus and neurogenesis
markers were assessed. Results: Treatment with A°THC alleviated the cognitive dysfunction, as
recorded from the MWM, and restored the morphological aberrations in the rat’s hippocampus.
Additionally, A°THC boosted neurogenesis by marked increased in GFAP+ cells, DCX+ cells, NeuN
immunoreactivity and calbindin+ cells. Conclusion: In conclusion, A°THC ameliorates D-gal/
AICl -induced AD-like cognitive deficits in rat models, which could be linked to its ability to
enhance neurogenesis.
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Neurogenesis.

INTRODUCTION

AD is a progressive and intricate neurodegenerative condition
that is widely diagnosed among the elderly population.! Typically,
AD is indicated by significant cognitive impairment and
neurobehavioural disturbances.” The pathological hallmarks of
AD include the emergence of intracellular Neurofibrillary Tangles
(NFTs) comprising hyperphosphorylated tau protein, and Senile
Plaques (SPs) containing Amyloid-p protein (AP) aggregates, of
which both are deposited in the brain.’ These results in massive
synaptic loss and neuronal cell death or neurodegeneration,
especially in the hippocampal area of the brain, which plays a
pivotal role in learning and memory processes.*
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Numerous investigations have provided evidence that prolonged
administration of D-galactose (D-gal) in rodents accelerated
their ageing processes by forming advanced glycation end-
products, oxidative stress, and neuronal damage, similar to
the significant changes reported in the initial phase of AD.>¢
Meanwhile, Aluminium (Al) is a widely used neurotoxin in
animal model experiments; it triggers the over-expression of
Amyloid-p precursor protein (ABPP), causing the accumulation
of AP plaques on the neuronal cells within the brain.” Previously,
the combined administration of D-gal and Al in rats was
reported to produce a superior model of AD-like rats.” The
induced rats exhibited AD-like cognitive impairment, confirmed
through specific pathological alterations, such as hippocampal
(AChE)
activity, and the over-expression of p-tau proteins in their brains.

neurodegeneration, increased acetylcholinesterase

Research interest in the medicinal benefits of A"THC, particularly
in treating neurodegenerative diseases, has steadily increased.®
For instance, low-dose exposure to A*THC (3 mg/kg/day)
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to 4-week-old mice has reported to improve their cognitive
performances.’ Furthermore, A°THC has been proven to
stimulate the removal of intracellular A and block inflammatory
responses in vitro.'®! while a low dose administration of A’THC
resulted in neurogenesis in the hippocampus of normal rats."?

While numerous pharmacological impacts of A’THC have
been determined, the potential therapeutic impact of ATHC
D-gal/AlCl -induced
neurodegeneration in rats has yet to be explored. Hence, this

towards cognitive dysfunction and
present study was conducted. A comparative analysis was
conducted to determine the effect of A°THC with that of

donepezil, an approved reference drug.

MATERIALS AND METHODS

Reagents

D-galactose (D-gal), Aluminium Chloride (AICL,), and donepezil
were acquired from Sigma- Aldrich, USA, while delta-9-
tetrahydrocannabinol (A°THC) was procured from Lipomed,
Switzerland. Antibodies and reagents for immunohistochemistry
were obtained from the respective sources (Bita Lifesciences
Sdn Bhd): calbindin (Abcam), horseradish peroxidase (Abcam),
antigen retrieval solution (Dako), HRP/DAB THC detection kit
(Abcam), Neuronal Nuclear protein marker (NeuN) (Abcam),
GFAP (Abcam), doublecortin (Abcam), and antibody diluent
(Dako). Other chemical reagents used in this study were of
analytical grade.

Ethics Statement

The research protocol for this study was approved by the
Institutional Animal Care and Use Committee Universiti Putra
Malaysia (UPM) with an allocated code number UPM/IACUC/
AUP-R094/2019. The number of rats used in this study was kept
to a bare minimum, and all efforts were taken to reduce stress for
the rats. Additionally, an attendant veterinarian was recruited in
this study to conduct routine examinations of the rats to ensure
they were healthy throughout the study.

Animal models

The present study used a total of 70 male Wistar rats aged 7-8
weeks and weighing 200-250 g. The rats were kept in cages (2-3 per
cage) under a controlled laboratory environment (12 hr of light/
dark cycle, mean temperature of 22+3°C, and relative humidity
of 40-70%) with unlimited access to rat chow and water. The rats
were acclimatised in the laboratory one week before proceeding
with the experiment. The behavioural paradigm was conducted
daily between 7:30 a.m. and 11:30 a.m. at the Animals Behavioral
Laboratory of the Department of Human Anatomy, Faculty of
Medicine and Health Sciences, UPM.
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Experimental Design

The animals were randomly divided into 7 experimental groups
(n=10): control, AD model, recovery, donepezil, 0.75 A°THC, 1.5
A°THC, and 3.0 A°’THC. Table 1 describes the preparation of the 7
rat groups. Normal saline, D-gal, and donepezil were administered
orally, while AICI, and A’THC were intraperitoneally. The D-gal,
AICI, and drug dosages used were according previous findings."***
All substances administered were freshly prepared daily before
administration, and the animals were weighed weekly to adjust
the doses used.

After 10 consecutive weeks of AD induction, the AD model
group underwent behavioural test (MWM). After completing
the test, the rats were euthanised through decapitation, and their
brain tissues were harvested and preserved for histological study.

Morris Water Maze (MWM)

The MWM test was carried out based on the previously described
protocol'>'® with minor modifications to evaluate rats’ learning
and memory behaviours. Briefly, the MWM tank was filled with
opaque water to a depth of 40 cm, and the temperature was
sustained at 22+3°C throughout the experiment. A Logitech
video camera connected to a laptop was placed above the tank to
track the movement of the rats. The tank was virtually partitioned
using the ANYmaze software (Stoelting Co., USA) into 4
equal quadrants. A 10-cm diameter escape platform was then
submerged 2 cm below the water surface in the middle of one
quadrant (target quadrant). Figure 1 presents the MWM setup.

Day one experiment began by training the rats to find the floating
visible escape platform (2 cm above the water level). The next four
consecutive days involve training the rats to locate the hidden
escape platform (now submerged 2 cm below the water level).
Meanwhile, the escape platform quadrant was maintained during
the place navigation test for five days. During this test, each rat
participated in three training sessions daily, where they were
placed randomly in one of the three quadrants (starting point),
excluding the quadrant containing the escape platform. The
rats were then given a maximum of 120 sec to locate the hidden
escape platform. Rats that successfully located the hidden escape
platform were allowed to remain on it for 20 sec to facilitate their
recognition and familiarisation with the platform’s position.
Those unable to locate the hidden platform within the designated
time were guided towards it and allowed to remain there for 20
sec. The hidden platform was then removed from the targeted
quadrant 24 hr after the place navigation test was completed. The
rats were placed in the opposite quadrant of the water tank and
permitted to explore the removed escape platform for 30 sec. The
ANYmaze software was linked to the video camera and recorded
all the required parameters, including the swimming trajectory,
escape latency, and the time spent at the targeted quadrant, for
subsequent analyses.
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Histological Study

Once the behavioural test was completed, the rats were decapitated,
and their brains were immediately harvested and preserved for
seven days in 10% neutral buffered formalin for histological
analysis. A tissue processor (Leica TP1020) was used to perform
a normal histological processing technique, and then the tissues
were preserved in paraffin blocks, sectioned approximately 5
pm using a microtome, and stained with 0.1% of cresyl violet.
The histological slides were viewed under a compound research
microscope (Olympus BX51 TRF) at 200X magnification. The
number of viable pyramidal cells in CA1 subfield was counted.
With the help of an independent pathologist, the quantification
of viable pyramidal cells was conducted by summing the counts
obtained from at least five randomly selected areas within the
mid portion of CA1 subfield, with the sample size of five rats per
group (n=>5)."

Immunohistochemical Staining

Paraffin-embedded sections of the rat brain tissues (4 pm
thick) were attached to a salinised slide and left to dry at room
temperature. The slides were baked at 60°C for 2 hr 30 min
before the tissues were deparaffinised, rehydrated, and soaked in
EnVision™ FLEX Target Retrieval Solution for 30 min at 95°C.
After 20 min, the tissues were removed from the antigen retrieval
solution, rinsed in a washing buffer for 3 min twice, incubated
in a blocking solution at room temperature for 30 min, and
incubated with the respective primary antibodies: Glial Fibrillary
Acidic Protein (GFAP) (1:2000 at room temperature for 20 min),
Doublecortin (DCX) (0.5 pg/mL at 4°C overnight), Neuronal
Nuclear protein marker (NeuN) (1:3000 at room temperature
for 1 hr), and calbindin (1:1000 at room temperature for 1 hr).
Subsequently, the tissues were rinsed with a washing buffer and
further incubated with a secondary antibody, Goat Anti-Rabbit
IgG H&L (HRP), for 15 min at room temperature. The tissues
were rinsed again with a washing buffer and incubated with 0.05%
(w/v) 3,3’-Diaminobenzidine (DAB) for 15 min. Finally, the slides
were counter-stained with haematoxylin. Image J software was
used to quantify the GFAP+ cells, calbindin+ cells, and DCX+

cells, as well as calculate the percentage of immunoreactive areas
for NeuN.

Statistical Analysis

Statistical analysis was performed using SPSS software version
25.0, and all data from this study were presented as the
meantstandard error of the mean (SEM). The learning trials
of MWM were analysed by two-way ANOVA, while one-way
ANOVA was used in the probe trial. One-way ANOVA was also
utilised for other analyses, followed by Tukey’s post-hoc test. An
outcome with p<0.05 was considered to be statistically significant.

RESULTS

Effect of A°THC on the Cognitive Deficits in D-gal/
AICl -induced Rats in MWM

Figure 2a shows the representative swimming trajectories of
the rats on day 5 of the place navigation test (training trials).
Accordingly, the AD model rats (Figure 2a) swam aimlessly at
the periphery of the tank to locate the hidden escape platform. In
comparison, rats from the control, donepezil, and A’THC groups
swam purposefully towards the middle of the tank to locate the
hidden escape platform. Based on the one-way ANOVA result,
a statistically significant interaction was observed between the
treatment effect and days of treatment [F (6,36)=5.871, p=0.001],
indicating the impact of A’THC on the escape latency to reach
the escape platform among the seven groups. Tukey’s post-hoc
analysis also revealed a substantial increase (p<0.05) in the time
needed for the rats from the AD model group and recovery group
to locate the hidden escape platform throughout the five-day
training than the control and treated groups (Figure 2b).

Additionally, the one-way ANOVA showed a statistically
significant difference [F (6,33)=3.123, p=0.016] in the duration of
the rats staying in the targeted quadrant during the probe trial. As
revealed by Tukey’s post-hoc, the AD model group (6.98+0.27)
and recovery group (7.25+0.64) took significantly less time in
the targeted quadrant compared to the control (15.4+1.92), 0.75
A°THC (14.47+3.28), 1.5 A°THC (14.61£1.95), and 3.0 A°THC
(13.18+1.43) (Figure 2c). Therefore, the MWM results signify

Table 1: The 7 types of rat groups used in this study.

Group name
Normal saline and AICI,
water (mg/kg)
Control Yes -
AD model - 200
Recovery - 200
AD model + Donepezil - 200
AD model + 0.75 A°THC - 200
Ad model + 1.5 A°THC - 200
AD model + 3.0 A*’THC - 200
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AD induction for 10 consecutive weeks (once daily)

Treatment for 28 days (once daily)

D-galactose Donepezil A°THC
60 *Immediately euthanised

60 Without treatment

60 1 -

60 - 0.75
60 - 1.75
60 - 3.0
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that A’THC attenuates cognitive deficits in D-gal/AICl,-induced
rats.

Influence of A°THC on the D-gal/AICl -induced
Degeneration of the Hippocampal CA1 Neurons

Figures 3 and 4 depict the CA1 regions of the rat’s hippocampus
from all groups histologically. The presence of numerous viable
cells (light cytoplasm and dark nucleus) and well-arranged intact
layers of pyramidal cells were detected in the control group.
However, distorted pyramidal cell layers and several hyperchromic
cells were found in the CAl hippocampal areas of the AD
model and recovery groups. Interestingly, the administration of
donepezil and A°THC at varying concentrations alleviates some
of the histological aberrations observed earlier.

Apart from that, the one-way ANOVA recorded statistically
significant differences in the number of viable pyramidal cells
in CALl [F (6,49)=33.878, p=0.001] subfield of the hippocampus
among the numerous sample groups. Tukey’s post-hoc test also
recorded a statistically significant reduction (p<0.05) in the
number of viable pyramidal cells within the CA1 subfield of the
hippocampus in the AD model group (11.35+1.42) compared
to the control group (18.65+2.08). Additionally, a statistically
significant reduction (p<0.05) was also observed in the CAl
subfield of the hippocampus in the recovery group (10.98+0.78)
compared to the control group. On the other hand, Tukey’s
post-hoc test confirmed a significant increase of viable cells in the
CA1 after being treated with 0.75 mg/kg A°THC (20.10+1.19), 1.5
mg/kg A°THC (30.35£0.72), and 3.0 mg/kg A°THC (29.00+1.76)

a

compared to the AD model group and recovery group (Figures
3 and 4).

Influence of A°THC on the neurogenesis at the CA1
subfield of the Hippocampus in D- gal/AICl -induced
rats

Figure 5a presents the expression of GFAP+ immunoreactive
neurons in the CA1 subfield. The expression of GFAP+ in the
CAL1 region among all the rat groups was statistically significantly
different (p<0.05), where the number of GFAP+ neurons
was substantially upregulated in rats treated with donepezil
(73.67+2.19) and A°THC at all doses; 0.75 A°THC (86.00+4.17),
1.5 A°THC (136.33£4.22),and 3.0 A°THC (113.5£4.11) compared
to the AD model (35.33%1.74) and recovery groups (35.50£1.09)
(p<0.001) (Figure 5b).

Similar to GFAP+, the one-way ANOVA results recorded a
statistically significant difference [F (6,35)=75.65, p=0.001] in the
expression of DCX+ among all the rat groups. Tukey’s post-hoc
test also showed a substantial increase (p<0.001) in the number
of DCX+ cells in rats treated with donepezil (71.17+2.33), 0.75
ATHC (69.331.69), 1.5 A°THC (84.5042.59), and 3.0 A’THC
(77.174£2.04) compared to the AD model (35.00+1.41) and
recovery groups (45.67+2.86) (Figure 6).

Besides, the one-way ANOVA demonstrated a statistically
significant difference [F (6,35)=54.6, p=0.001] in the expression
of NeuN+ among all the rat groups. Evidently, Tukey’s post-hoc
test confirmed a marked increase (p<0.001) in the percentage
of NeuN+ immunoreactive area in rats treated with donepezil
(5.61£0.31), 0.75 A°THC (12.66+1.10), 1.5 A°THC (13.63+1.03),

b

Figure 1: Experimental setup of the MWM test. a) A Logitech camera was attached to the ceiling directly facing the MWM tank to record the rats’movement. b)
MWM tank filled with opaque water and divided into four equal quadrants using ANYmaze software. The escape platform was positioned at the centre of the
designated quadrant (yellow circle).
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Figure 2: Spatial learning and memory through MWM in rats. a) Representative of swimming trajectories on day-5 trial. b) The mean escape latency throughout
the place navigation test. ¢) The mean time spent in the target quadrant during the probe test. Data are expressed as the mean+SEM (n=10). "p<0.05 vs AD
model group; #p<0.05 vs recovery group.

and 3.0 A°THC (13.04+0.87) compared to the AD model
(1.90+0.34) and recovery groups (2.07+0.37) (Figure 7a and 7b).

In terms of the calbindin+ cell marker in Figure 8a, the result
shows a statistically significant reduction [F(6,35)=58.38,
p=0.001] in the number of calbindin+ cells, both in the AD
model and recovery groups compared to the control. In contrast,
a marked increase (p<0.001) in the number of calbindin+ cells
were detected in all treated groups compared to the AD model

Journal of Young Pharmacists, Vol 16, Issue 1, Jan-Mar, 2024

and recovery groups (Figure 8b). In short, A’THC stimulates
neurogenesis at the CA1 region in D- gal/AlCl -induced rats.

DISCUSSION

AD Induction in Rats Model and Potential Treatment
with A°THC

Chronic administration of D-gal/AICl, over 10 consecutive weeks
resulted in AD-like symptoms in the rat models, as indicated by
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Figure 3: Photomicrographs of the Nissl stained for all groups at the CA1 subfield of the rat hippocampus. The red and yellow arrows indicate viable and dead
pyramidal cells, respectively. Image magnification=400X, scale bar=40 pm.

the reduced spatial learning and memory, neurodegeneration,
and morphological alteration of their hippocampal neurons. A
decreased neurogenesis activity was also observed. Similar trends
have been reported in previous studies, where the administration
of D-gal/AlCl, induced neurodegenerative alterations similar
to AD,
the hippocampus, and high expression of amyloid and tau
proteins.?® Nevertheless, the present study showed that the
A°THC treatment ameliorates the reported AD-like symptoms in
the rat model, comparable to that of donepezil, an FDA-approved
sedative drug for AD treatment.

such as cognitive dysfunction,” cell depletion in

Evaluation of Behavioural Effects Based on MWM

Evaluating behavioural effects is a critical component of the in
vivo drug screening in rats prior to further assessments.?* MWM
is an established model used for studying learning and behaviour
in rats and relies on the distal cues to locate the platform
submerged in opaque water.”> The swimming trajectories of rats
administered with D-gal/AICL, (AD model) and recovery groups
were directionless and random at the periphery of the tank,
requiring more time to reach the hidden platform, thus indicating
learning and memory impairments. The result from this study
was in line with previous findings, which also reported cognitive
impairments in D-gal/AICI3-induced AD-like rat models.'®*

However, rats treated with donepezil and A°THC (regardless of
the dosage) showed progressively active search and reached the
hidden platform in a shorter time, signifying improved learning
and memory processes. Moreover, treatment with A’THC in this
study reduced the cognitive impairment caused by D-gal/AICl,, as
evidenced by the rats’ shorter escape latency to reach the hidden
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Figure 4: Mean of viable pyramidal cells in the CA1 subfield of the
hippocampus for all groups. Data are expressed as the mean+SEM (n=5).
“p<0.05 vs AD model group; #p<0.05 vs recovery group.
platform and the more time spent at the target quadrant during
the probe trial test. Therefore, the findings suggest enhanced

spatial learning and memory in the rats.

From the clinical perspective, the hippocampus is an initial region
of the brain to be impacted by AD.” The histology result of the
present study indicated that the administered D-gal/AICI, caused
severe degeneration of cells in the rats” hippocampal subfields and
disoriented pyramidal cell layers. This situation could disrupt the
hippocampal functions. Interestingly, the findings revealed that
A°THC has a strong neurotherapeutic potential in restoring some
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Figure 5: a) Photomicrograph of the CA1 subfield of the hippocampus via
immunohistochemical staining. The red arrows represent the GFAP+ cells. (a)
Control, (b) AD model, (c) recovery, (d) donepezil, (e) 0.75 A°THC, (f) 1.5 A°THC,
and (g) 3.0 A°THC. Image magnification=400X, scale bar=40 um. b) Mean
number of GFAP+cells+SEM at the CA1 region of the hippocampus. "p<0.001
vs AD model group; #p<0.001 vs recovery group.

of the morphological aberrations and neurodegeneration of the
hippocampus.

Assessment of Neurogenesis Markers

Neurogenesis is the development of new neurons from progenitor
cells.* This process has been linked to hippocampal-dependent
learning and memory. Neurogenesis occurs through five stages,
with each stage associated with specific protein expressions:
proliferation (GFAP), differentiation (NeuN), migration (DCX),
and axonal and dendritic targeting and synaptic integration
(calbindin).”® The present study showed that A’THC treatment
promoted neurogenesis activities in the hippocampus of D-gal/
AICI,-induced rats, suggesting a strong neurotherapeutic effect.
Our findings were parallel with previous studies demonstrated
that acute and chronic administration of A’THC has also reported
promoting neurogenesis in their hippocampus of normal rats.**

GFAP is an intermediate filament-III protein found in the central
nervous system (CNS), which is abundantly high in astrocytes.?
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Figure 6: a) Photomicrograph of the CA1 subfield of the hippocampus via
immunohistochemical staining. The red arrows represent the DCX+ cells.
Image magnification=400X, scale bar=40 um. b) Mean number of DCX+
cells+SEM at the CA1 region of the hippocampus. ‘p<0.001 vs AD model

group; #p<0.001 vs recovery group.

GFAP is critical in maintaining the blood-brain barrier and
provides mechanical strength to the astrocytes.’*”” In this
study, the upregulation of GFAP expression in A°THC-treated
rats suggest increased proliferation activity of neuronal cells
that occurred in the hippocampus. Thus, it was postulated that
A’THC enhanced the neuroblasts and new neuron production in
the hippocampus due to the enhanced expression of GFAP.

Rats treated with A°’THC also demonstrated an upregulation
of DCX expression in the CAl subfield of the hippocampus,
implying the migration stage of neurogenesis.?® The result suggests
that A’THC accelerates the migration of neuroblasts and young
neurons from neurogenic zones, which aligns with previous
studies.” Findings from this study also showed a significantly
increased NeuN immunoreactivity in the hippocampus of
A’THC-treated rats. Within the hippocampus, NeuN can be
used as a marker of postmitotic neurons.” Meanwhile, calbindin
is dynamically involved in synaptic plasticity modulation,
which influences learning and memory processes. Chronic
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Figure 7: a) Photomicrograph of the CA1 subfield of the hippocampus
via immunohistochemical staining. The red arrows represent the NeuN+
cells. Image magnification=400X, scale bar=40 um. b) Percentage of
immunoreactive area of NeuN+ cells+SEM at the CA1 region of the
hippocampus. 'p<0.05, “p<0.001 vs AD model group; #p<0.05, #p<0.001 vs
recovery group.

administration of D-gal/AICL, in rats demonstrated reduced
calbindin+ cells in the CA1 subfield. The declined expression
of calbindin+ cells is strongly correlated with impaired
hippocampus-dependent memory in rats. On the contrary,
rats treated with A’THC showed an upregulation of calbindin+
cells in the CA1 of the hippocampus, indicating strong synaptic
integration that improved the memory process.

CONCLUSION

In conclusion, chronic exposure to D-ga.l/AlCl3 in rats causes
behavioural and cognitive dysfunction, histological aberration
in their hippocampus and retarding the neurogenesis activity.
However, treatments with A°THC alleviate the aforementioned
changes. Therefore, A’THC could be a valuable medical remedy
particularly in improving cognition through neurogenesis.
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Figure 8: a) Photomicrograph of the CA1 subfield of the hippocampus via
immunohistochemical staining. The red arrows represent the calbindin+ cells.
Image magnification=400X, scale bar=40 pm. b) Mean number of calbindin+

cells+SEM at the CA1 region of the hippocampus. ‘p<0.001 vs AD model
group; p<0.001 vs recovery group.
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