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Alzheimer's disease (AD) causes amyloid beta (AP) plaque formation in regions such as the cerebral cortex and
hippocampus, which have a cognitive function. Besides oxidative stress, neuroinflammation and acetylcholine, the
degeneration of glutamatergic pathways in individuals with AD causes acetylcholine accumulation in the cortex and
hippocampus, leading to the formation of AP plaque. Herein, we investigated the effects of cannabidiol (CBD) and
cannabigerol (CBG) which are Cannabis sativa components on AD-like cognitive deficit induced by intracerebroventricular
(icv) administration of Af;4. Sprague Dawley rats were divided into four groups: i) Control, ii) Alzheimer, iii)
Alzheimer+CBD, and iv) Alzheimer+CBG. The AD model was induced by icv injection of A4, and then CBD and CBG
treatments were administrated for 2 weeks. Open field test, passive avoidance test, and Morris' water maze test were
performed, and on 15" day, the rats were decapitated. Hippocampus and cerebral cortex were removed from the brain, and
levels of interleukin-1f (IL-1B) and tumour necrosis factor-a (TNF-a) were measured by ELISA, and AB;_4, expression was
evaluated immunohistochemically. There was no significant difference between the groups in the parameters evaluated by
the open field test. In passive avoidance and Morris's water maze tests, both CBD and CBG enhanced the learning-memory
functions impaired by AD. CBD and CBG treatments successfully reduced the levels of TNF-a and IL-1B in AD.
Immunohistochemical analysis revealed decreased expression of AB;.4 in CBD and CBG treatment groups. CBD and CBG
treatments improved learning and memory deficits in the AB;.4, induced AD model. We implicate that these experimental
findings would lead to better avenues for targeted studies on C. sativa (a natural product of herbal origin and its
components) that can potentially be developed for AD treatment.
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Alzheimer's disease (AD) is a neurodegenerative
disease discriminated by progressive dementia.
According to data from the World Health
Organization (WHO), about 50 million people
worldwide are known to have dementia, and this
number is predicted to exceed 82 million by the year
2030 and 152 million by the year 2050'. The
economic cost of dementia is also quite high, and it is
thought that the cost of dementia worldwide is one
trillion U.S. dollars, and this cost will reach two
trillion dollars by the year 2030'. AD is characterized
by the accumulation of extracellular amyloid beta
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(AP) plaques and intracellular neurofibrillary tangles
that cause neuroinflammation and oxidative stress,
leading to the formation of neurotoxicity that
strengthens neurodegeneration and eventually leads to
cognitive decline’. Glutamate, which causes oxidative
stress in AD, is the primary excitatory
neurotransmitter in cortical and hippocampal cells and
has been reported to be responsible for 75% of the
transmission in the central nervous system (CNS). As
a result of APi40142 oligomerization and the
development of intracellular oxidative stress,
glutamate is oxidized and over-produced. Increasing
glutamatergic activity further raises AP formation,
causing neurodegeneration®!.  Glutamate, when
present in excess, causes oxidative stress in AD,
making it the primary contributor.
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Acetylcholinesterase inhibitors such as donepezil,
galantamine and rivastigmine; and N-methyl
D-aspartate receptor antagonist (memantine) are used
for the treatment of AD for years; but unfortunately
learning and memory dysfunctions cannot be
prevented completely in the progression of the
disease with these drugs’. Apart from these drugs,
for the first time since the year 2003, another drug
(viz., aducanumab) received accelerated approval
from the U.S. Food and Drug Administration (FDA)
in 2021, followed by lecanemab in 2023. In addition,
aducanumab is the first treatment for the presence of
AP plaques in the brain, which is the underlying
pathology of AD®. Despite these available treatments,
new drug studies are ongoing because they are not
sufficient to treat the disease and have many side
effects. In addition to these modern medicines, about
80% of the population in developing countries use
herbal medicines. Plants are utilized as a source of
biologically active chemical substances and often
these substances lead to the development of new
drugs®. Herbal medicines also provide an alternative
to high-priced medicines and health applications’.

The use of cannabis (Cannabis sativa) dates back
to ancient times. Studies about C. sativa, especially
in the last 100 years or so, have provided the
elucidation of the structures and pharmacological
mechanisms of the chemical agents (cannabinoids) of
it®. Nevertheless, there are a limited number of
studies in the peer-reviewed literature on the effects
of C. sativa and its effective compounds on AD, and
most of them are not sufficient enough to illuminate
with its mechanism(s) of action’.

In the peer-reviewed literature, it has been reported
that cannabinoids play a neuroprotective role by
preventing excitotoxicity, calcium flow, inflammation,
and decrease neuronal damage in the brain during
ischemic attacks'®'? It has been stated that these agents
have effects related to various pathological conditions
and ageing processes, including synaptic plasticity',
neuroinflammation'®, neurodegeneration'®, regulation
of sleep cycle'®, and immune function'’. It has also
been shown to have roles in epilepsy'®, traumatic brain
injury'®, stroke?, multiple sclerosis®', Parkinson's
disease®, Huntington's disease™, amyotrophic lateral
sclerosis®, and AD*?.

Cannabidiol (CBD) is a non-psychotropic
cannabinoid whose beneficial effects are known in
AD?. In animal models, CBD reduces anxiety,
agitation, psychosis, aggression, depression, pain,

oxidative stress, inflammation, and reorganizes
impairment in learning and memory function®. The
mechanism of action of CBD in neurodegenerative
diseases has also been described in previous studies.
According to these studies, CBD, a multi-target
molecule, has neuroprotective and anti-psychotic
properties through cannabinoid receptor (CBI1)
receptor, anti-inflammatory and neuroprotective
through CB2, and anti-inflammatory, neuroprotective,
neurogenesis, anti-apoptotic  properties through
peroxisome proliferator activating receptor gamma
(PPAR-y) receptor. Moreover, it is reported that it has
anti-depression, anxiolytic and antiemetic effects with
5-hydroxytryptamine 1A (5-HT1A), anti-
inflammatory effects with adenosine A2A, and anti-
inflammatory and analgesic effects with transient
receptor potential cation channel subfamily vannilloid
member 1 (TRPV1, capsaicin receptor).

In addition, cannabidiol received approval from the
FDA in 2018 for the treatment of pediatric epilepsy.
The antiepileptic effects of CBD can again be
explained by its multi-target nature. First, although
CBD does not promote direct activation of CBIR,
indirect activation of this receptor is the result of
increased anandamide levels due to the actions of
CBD (FAAH blockade and anandamide cellular
uptake inhibition). It is thought that this effect may
protect against seizures by suppressing neuronal
hyperactivity. Moreover, CBD appears to prevent
CBIR changes in limbic brain structures and
promotes the control of neuronal activity. CBD may
also increase extracellular adenosine levels through
equilibrative  nucleoside  transporter  (ENT)-1
blockade. This effect allows activation of Al
receptors by adenosine, resulting in antiseizure
effects. It is possible that the antiseizure effects of
CBD are due in part to its effects on the dopaminergic
system, as these changes have been implicated as a
possible pathophysiological mechanism of epilepsy.
Another important target is the G protein-coupled
receptor (GPRS55), which regulates glutamate release
and modulates neuronal excitability through a
calcium-dependent mechanism. Therefore,
antagonism of GPRS55 receptors by CBD may reduce
glutamate release and have antiseizure activity.
Additionally, abnormalities in  GABAergic
transmission have been associated with the
development of epilepsy. CBD has been reported to
be a positive allosteric modulator of GABAa
receptors, possibly enhancing GABAergic inhibitory
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transmission and explaining the additional antiseizure
effects of CBD. Regarding TRPV1 channels, their
activation increases neuronal excitability and
consequently facilitates seizures. Although CBD has
agonistic effects on TRPV1 channels, it induces rapid
desensitization of these channels, which may
indirectly reduce neuronal excitability and explain the
antiseizure effects of CBD. Finally, T-type calcium
channels and voltage-gated sodium channels are
involved in the regulation of cell excitability and are
therefore implicated in epilepsy. CBD has been
shown to cause inhibition of these channels, effects
that may mediate the antiseizure effects of CBD.

Cannabigerol (CBGQG) is another non-psychotropic
cannabinoid that has been shown to have
neuroprotective effects in experimental Huntington's
disease”. Since CBG is a weak CBI1 receptor
agonist, it does not have a psychotropic effect, but it
is known to exhibit antioxidant and anti-inflammatory
properties. CBG is a partial agonist at CB2 receptors,
a potent a2-adrenoceptor agonist, and a moderate 5-
HTT1A receptor antagonist, as well as interacting with
various TRP isoforms, including TRPV1 and 2-
channel. CBG has been found particularly effective in
models of neurodegenerative disease, Huntington's
disease. It targets many aspects of the disease,
including gene expression, alleviation of motor
symptoms, reduction of microglial activation, and
attenuation of the inflammatory response. Microglial-
mediated neuroinflammation, which is involved in the
pathophysiology of Huntington's disease, is
suppressed by the activation of CB2 receptors in the
use of CBG. However, it is also thought to act
through activation of PPARY, which has a significant
effect on microglial activation independent of the
CBI1 and CB2 receptor. It is stated that it can protect
neurons by its effects on microglial activation and by
secreting various trophic factors as well as anti-
inflammatory cytokines such as IL-4 and IL-10*°. It is
also worth noting that the effects of CBG on
Alzheimer's disease have not been investigated in any
in vitro or in vivo studies. In silico analysis reports
that CBG has the ability to protect cells, eliminate
intraneuronal AP, reduce oxidative damage, and
protect them from loss of energy or trophic support®.

Studies have reported that the endogenous
cannabinoid system is a promising therapeutic target
for treating neurodegenerative disorders associated
with AD*2. It is known that the ABi.4 induced AD
model is effective in causing cognitive disorders

similar to the pathology developing in the brain of
AD™. Herein, we investigated the effects of CBD and
CBG (glutamate receptor blockers, which are known
to have antioxidant and anti-inflammatory effects) on
learning and memory skills in rats with AB;_4, induced
AD model utilizing open field, passive avoidance, and
Morris' water maze tests. In addition to the cognitive
functions, their effects on neuroinflammation were
investigated biochemically. Furthermore, AB plaques
in the brain were also examined by
immunohistochemistry.

Materials and Methods

Chemicals

APi.42, CBD, and CBG were purchased from Sigma-
Aldrich, Inc. (St. Louis, Missouri, USA). Biomarkers'
Enzyme-linked immunosorbent assay (ELISA) kits
were procured from Bioassay Technology Laboratory,
Korain Biotech Co. Ltd. (Shanghai, China).

Animal and ethical approval

Adult male/female Sprague Dawley rats (220-260 g)
were  obtained from  Marmara  University
Experimental Animal Application and Research
Center (Istanbul, Turkey). During the experimental
study, the rats were kept in a controlled room with
humidity 50%, temperature 25+2 °C, and 12:12 h
dark/light cycle with free access to water and food.
This study is approved by the Marmara University,
Animal Experiments Local Ethics Committee
(Permission Number: 50.2019.mar).

Experimental design

The rats were randomly divided into the following
groups each containing eight rats: i) Control Group
(healthy rats were given unilaterally icv citrate buffer
on days 1-15), ii) Alzheimer Group [Alzheimer rats
were given unilaterally icv AB;.4 (2.2. nmol) in 10 pL
volume on day 1 and icv citrate buffer on days 1-15],
iii) Alzheimer+CBD Group [Alzheimer + CBD rats
were given unilaterally icv AB;.4 (2.2. nmol) in 10 pL
volume on day 1 and icv CBD (100 ng) on days 1-15],
and iv) Alzheimer+CBG Group [Alzheimer rats were
given unilaterally icv ABj4 (2.2. nmol) in 10 pL
volume on day 1 and icv CBG (100 ng) on days 1-15].
On day 15, the last day of the study, all rats were
sacrificed.

Induction of Alzheimer's disease
In this study, AP+ peptide was used as a
neurotoxic agent to create an AD model in rats. On
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the day of the surgical operation, all rats were
anaesthetized by intraperitoneal administration of
ketamine (100 mg/kg) and xylazine (5 mg/kg). After
the anaesthetic agent was administered, the scalp of
the anaesthetized rats was shaved, and their heads
were fixed to the stercotaxic device (Harvard
Apparatus, Massachusetts, United States). After the
incision was made on the scalp of the rats with a
scalpel, bregma was determined. Taking bregma as
the reference point in the skull, a hole was drilled
unilaterally  (right) in the lateral ventricle
corresponding to the following coordinates: 0.8 mm
downwards from bregma, 1.6 mm to the right and 4
mm inward in the skull. Cannulas were placed in the
opened holes with the help of acrilic. After the
animals were placed in single cages, they were left to
recover for 3 days, with access to food and water.
Before AP;4, peptide (2.2 nmol/10 upL) was
administered (i.c.v.) to Alzheimer model rats, AB;.4,
peptide was incubated at 37°C for 72 h to ensure the
formation of fibrillar structures. After 3 days, AP
peptide was injected into a single lateral ventricle
(right ventricle) (AP: —0.8 mm, ML: —1.6 mm, and
DV: —4.0 mm) at a rate of 1 pL/min using a Hamilton
microsyringe (26 G) (microsyringe pump) Wwas
injected and the syringe was left in the designated
area for 5 min after application. Rats in the control
group were given 10 uL physiological saline i.c.v. at
the same rate and volume. was injected. Treatment
applications were started the day after ARy
application. The treatments were administered icv
with the above-mentioned doses using a cannula®*.

Behavioural tests

All behavioural tests were performed 30 min after
the administration of the treatment agents and
between 09:00 am and 12:00 noon.

Open field test

The open field test was applied on the 8" day of the
study. The locomotor activities of the rats were
evaluated by the open field test, which was carried out
in a 50x50x30 cm box made of black plexiglass. The
experiment was started by placing the rats in the
corner of the box, and the movements of the rats were
recorded with a camera for 5 min. The number of
squares crossed and rearing were used to assess the
rats' locomotor activity®’.

Passive avoidance test
During the 9™-10™ days of the study, a passive
avoidance test was applied. The apparatus consists of

two different compartments (20x20x30 cm of each),
light and dark, separated by a wall with a passage way
between them. One of the compartments was
illuminated with the light. Two consecutive days were
implemented, i.e., training and test. In the training
day, each rat was placed in the individually light
compartment and when it moved to the dark
compartment, an electric shock was applied to its feet
over the grid floor (0.5 mA electric shock was applied
for 3 second). The rat was quickly removed and
placed in its cage. The test day was carried out after
24 h and the rats were put in the light compartment
again. After being placed in the light compartment,
the latency time to the dark compartment was
recorded. The test of rats that did not enter the dark
compartment within 300 second, was terminated and
the latency time was accepted as 300 second’®.

Morris water maze test

Morris water maze test was performed between the
11™ and 15™ days of the study. The tank consisted of a
circular tank with a diameter of 160 cm and a height
of 35 cm. The tank was divided into four equal
quadrants with two imaginary vertical intersecting
diameters. It was to include an escape platform
measuring 10x10x25 cm in the same colour as the
environment in the tank (to avoid incorrect results
related to the image). During the test, this platform
was kept on the same quadrant of the tank and 1.5 cm
below the water surface. Rats were slowly dropped
off at a starting point on the edge of a quadrant with
their faces pointing towards the wall. Unable to find
the escape platform within 75 second, the rats
were politely directed to the platform and kept on it
for 20 second, enabling them to learn the platform
using clues. The rats were given four attempts for four
consecutive days during which stage the time taken to
reach the platform was evaluated. On day 5, the
platform was removed from the tank, and a probe trial
was carried out to calculate how long the rats had
spent on the quadrant where the platform was
previously located. The rats were released to swim
freely for 60 second. This test was considered a
measure of spatial learning and memory. The data
was recorded with a video camera®.

Biochemical analysis

The experimental rats were sacrificed after all the
tests were completed. Tumour necrosis factor-o
(TNF-0) and interleukin-1f (IL-1p) levels were
measured in the tissue homogenates obtained from the
hippocampus and cortex of rats utilizing ELISA tests
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in accordance with the manuscfacturer's protocols
(Bioassay Technology Laborator, Korain Biotech Co.
Ltd., Shanghai, China)*’.

Immunohistochemical analysis

APi142 immunoexpression was evaluated by
polymer-based  horseradish  peroxidase  (HRP)
immunohistochemistry (IHC) staining. For this, 3 um
thick sections were taken from formalin-fixed
paraffin-embedded (FFPE) tissues to positively
charged slides and kept in an oven at 37°C for
overnight. Then, de-paraffinization was completed in
three separate xylenes for 5 min each. The slides were
hydrated by soaking in two separate 96% ethanol for
10 min. Endogenous peroxidase activity in the tissues
was suppressed for 20 min with 3% hydrogen
peroxide prepared in methanol. After washing the
sections with distilled water, they were treated with
citrate buffer solution (pH 6.0) for 20 min in a 200 W
microwave oven for antigen recovery. The slides were
cooled at room temperature for 20 min and washed
for 5 min in two separate phosphate buffer solutions
(PBS; pH 7.4). Protein blockade (EXPOSE Mouse
and Rabbit Specific HRP/DAB Detection IHC Kkit;
ab236466, Abcam, Cambridge, UK) was applied to
the tissues to prevent non-specific staining. The
blocking solution was removed, and the sections were
incubated for 30 min at room temperature by
dropping a 1:500 dilution of monoclonal A4,
(NBP2-13075; Novus, UK) antibody. The sections
washed with two separate PBS for 5 min were first
dripped with mouse specific reagent and left for 10
min. After washing with PBS, HRP-polymer was
applied (EXPOSE Mouse and Rabbit Specific
HRP/DAB Detection THC kit; ab236466, Abcam,
Cambridge, UK) and incubated for 15 min. The
sections were washed with two separate PBS for 5
min and kept in 3,3'-diaminobenzidine (DAB)
chromogen for 5 min. Nuclear counterstaining was
performed with Mayer Hematoxylin for 1 min and the
slides were dehydrated with 96% ethanol and covered
with a capping agent. To detect specific binding in
staining, the negative control was also studied
simultaneously. In the tissue section used as negative
control, all steps of the method except the primary
antibody stage were applied, and no staining was
observed in this tissue.

ABi4 immunoexpression was evaluated semi-
quantitatively in the cortex and hippocampus areas
under light microscopy (Olympus CX41; Feasterville,
PA, USA). Scoring according to the staining intensity

was: 0: no staining, 1: weak staining, 2: moderate
staining, and 3: strong staining. Photographs were
taken from the sections using the 'My Camera
Digital/Imaging System' at 10x magnification.

Statistical analysis

The results of the tests were analyzed by one-way
analysis of variance (ANOVA) and two-way ANOVA
followed by Tukey's method as a post-test and
represented as mean + standard error of the mean
(SEM). P-values < 0.05 were considered significant.
Data analysis were performed using GraphPad Prism
6.5 software (San Diego, CA, USA).

Results

Open field test
When the number of squares crossed (Fig. 1A) and
the number of rearings (Fig. 1B) were examined, we
observed that there was no significant difference
between the control and experimental groups.
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Fig. 1 — (A) Determination of the number of squares crossed in
open field test, and (B) the number of rearings in open field test.
Values are expressed as mean SEM (n=8). One-way ANOVA and
Tukey's post hoc tests were used for statistical analysis.
Abbreviations: A = Alzheimer; C = Control; SEM = standard
error of the mean; ANOVA = analysis of variance; CBD =
cannabidiol; CBG = cannabigerol.
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Passive avoidance test

Latency time to the dark compartment was
decreased in the Alzheimer group as compared to the
Control group (P<0.01) (Fig. 2). When the
experimental treatment groups were examined, we
observed that there was an increase in the latency
time to the dark compartment in the Alzheimer+CBD
group as compared to the Alzheimer group (P<0.05).
The CBG treatment did not affect the reduction in
Alzheimer group (Fig. 2).

Morris’ water maze test

While there was no significant difference between
the Control and experimental Alzheimer groups on
the 1% and 2™ days, the Alzheimer group on the 3™
and 4™ days had a longer time to reach the platform as
compared to the Control group (P<0.001), as shown
in Fig. 3. When the Alzheimer+CBD group was
compared with the Alzheimer group, the duration was
shortened on the 3™ (P<0.001) and 4™ (P<0.01) days.
The Alzheimer+CBG group also shortened the
latency time on the 1% (P<0.05), 3™ (P<0.001), and 4"
(P<0.001) days as compared to the Alzheimer group
(Fig. 3).

When the time spent in the target quadrant given
was examined, it was observed that the Alzheimer
group shortened this time as compared to the Control
group (P<0.01). The CBD and CBG expertimental
treatments were able to increase/reverse the decrease
in Alzheimer group (P<0.05) (Fig. 4).

Biochemical analysis

Interleukin-1f activity
Interleukin-1 (IL-1P) levels in the samples
obtained from the brain tissues of rats used in the

300- .

2004

100+

Latency time (s)

0

C A A+CBD A+CBG

Fig. 2 — Determination of the latency time (sec) in the passive
avoidance test. Values are expressed as mean + SEM (n=8).
One-way ANOVA and Tukey's post hoc tests were used for
statistical analysis. **P<0.01 compared to Control group, “P<0.05
compared to Alzheimer group. Abbreviations: A = Alzheimer;
C = Control; SEM = standard error of the mean; ANOVA = analysis
of variance; CBD = cannabidiol; CBG = cannabigerol.

experiments were determined utilizing the ELISA
kits. When looking at the hippocampus results, an
increase in the IL-1B levels was observed in
Alzheimer group as compared to the Control group
(P<0.01), while the CBD and CBG treatments were
able to reverse this increase (P<0.01) (Fig. 5A). When
the cerebral cortex IL-1P levels were examined, an
increase was observed in the Alzheimer group as
compared to the Control group (P<0.01), and the
CBD and CBG experimental treatments eventually
reduced this increase (P<0.05) (Fig. 5B).

Tumour necrosis factor-o. activity
The levels of tumour necrosis factor-o (TNF-a) in

the cerebral cortex and hippocampus specimens were
80+
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# ey ##
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204
0
T T T T
1 2 3 4

Days

Fig. 3 — Determination of the latency time (sec) between the days
1 and 4 in Morris' water maze test. Values are expressed as
mean = SEM (n=8). Two-way ANOVA and Tukey's post hoc tests
were used for statistical analysis. ***P<0.001 compared to
Control group, #p<0.05, #P<0.01, and *¥P<0.001 compared to
Alzheimer group. Abbreviations: A = Alzheimer; C = Control;
SEM = standard error of the mean; ANOVA = analysis of
variance; CBD = cannabidiol; CBG = cannabigerol.
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204

Time spennt in the
target quadrant (s)

C A

A+CBD

A+CBG

Fig. 4 — Determination of time spent in the target quadrant (sec)
utilizing Morris' water maze test. Values are expressed as
mean £ SEM (n=8). One-way ANOVA and Tukey's post hoc
tests were used for statistical analysis. ** p<0.01 compared to
Control group, * p<0.05 compared to Alzheimer group.
Abbreviations: A = Alzheimer; C = Control; SEM = standard error
of the mean; ANOVA = analysis of variance; CBD = cannabidiol;
CBG = cannabigerol.
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determined utilizing ELISA kits. In the hippocampus
specimens, TNF-a levels were found to be increased
in the Alzheimer group as compared to the Control
group (P<0.01), however the CBD and CBG
treatments managed to reverse this elevation (£<0.01)
(Fig. 6A). When the cerebral cortex specimens were
examined, an increase in the TNF-a level was
observed in the Alzheimer group as compared to the
Control group (P<0.05), whereas the Alzheimer+CBD
and Alzheimer+CBG treatment groups showed the
reduced levels of TNF-a (P<0.001) (Fig. 6B).
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10004
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Fig. 5 — (A) Determination of IL-1B levels (pg/mL) in
hippocampus, and (B) in cerebral cortex specimens. Values are
expressed as mean + SEM (n=8). One-way ANOVA and
Tukey's post hoc tests were used for statistical analysis. **P<0.01
compared to Control group, *P<0.01 compared to Alzheimer
group, “P<0.05 compared to Alzheimer group. Abbreviations:
A = Alzheimer; C = Control; SEM = standard error of the
mean; ANOVA = analysis of variance; CBD = cannabidiol;
CBG = cannabigerol; IL-1p = interleukin-1beta.
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Immunohistochemical analysis
The expression of Af;4 in cerebral cortex
and hippocampus tissues was analyzed
immunohistochemically. AB;4 immunoexpression
was not observed in the cortex and hippocampus
tissues of the Control group (Fig. 7A & Fig. 8A).
Strong Ap;.4, immunoexpression was seen in both the
cortex and hippocampus regions of the Alzheimer
group as compared to the Control group (Fig. 7B &
Fig. 8B). Weak immunoexpression was observed in
3009 A

* %

3

=3

=]
1

Hippocampus
TNF-o. (ng/L)

100+

400+ B

300 -~

2004

Cerebral cortex
TNF-o (ng/L)

100+

0-

C A A+CBD A+CBG

Fig. 6 — (A) Determination of TNF-a levels (ng/L) in
hippocampus, and (B) cerebral cortex specimens. Values are
expressed as mean + SEM (n=8). One-way ANOVA and Tukey's
post hoc tests were used for statistical analysis. *P<0.05
compared to Control group, **P<0.01 compared to Control group,
#p<0.01 compared to Alzheimer group, *P<0.001 compared to
Alzheimer group. Abbreviations: A = Alzheimer; C = Control;
SEM = standard error of the mean; ANOVA = analysis of
variance; CBD = cannabidiol; CBG = cannabigerol; TNF-a:
tumor necrosis factor-alpha.

Fig. 7 — Evaluation of amyloid beta 1-42 (A,.4,) expression in cerebral cortex specimen. (A) AP;.4, immunoexpression is not observed
in the cortex tissue of Control group. (B) Strong AB,_4, immunoexpression is seen in neuron cell cytoplasm in the Alzheimer group cortex
tissue (arrow). (C) Weak A4, immunoexpression is seen in the Cannabidiol group. (D) Weak A4, immunoexpression is seen in the
Cannabigerol group. (10x, HRP streptavidin-biotin).
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Fig. 8 — Evaluation of amyloid beta 1-42 (A;.4,) expression in hippocampus specimen. (A) A4 immunoexpression is not observed
in the cortex tissue of Control group (*). (B) Strong A, immunoexpression is seen in the Alzheimer group cortex tissue (arrow).
(C) Weak AB.4, immunoexpression is seen in the Cannabidiol group. (D) A;.4, immunoexpression is not observed in the cortex tissue of

the Cannabigerol group. (10x, HRP streptavidin-biotin).

the CBD group sections from both regions (Fig. 7C
and Fig. 8C). Also, in the CBG group sections, weak
AP immunoexpression was observed in the cortex
region, but no expression was observed in the
hippocampus region (Fig. 7D and Fig. 8D).

Discussion

Alzheimer's disease is a neurodegenerative disease
characterized by progressive dementia that occurs in
the middle- and late-age population. Pathological
factors associated with AD include aggregation of
extracellular AP  plaques, accumulation of
neurofibriller  tangles, oxidative stress, and
inflammation. AP plaques consists of AP peptides in
fibrillar form®. It is well known that AP peptides
cause neurodegenerative changes by interacting
directly with functional protein complexes on the cell
surface or indirectly disrupting normal physiological
processes through astrocyte and microglia activation.
Different doses of synthetic or naturally secreted A
peptides (e.g., APi, APis, and ABssss) are
administered to the brain by intracerebroventricular or
intrahippocampal injection to induce experimental
AD in rats. Experimental studies have shown that
ABy_4 is more toxic among these peptides®. Studies
have reported that AP;4 peptide triggers lipid
peroxidation by triggering intracellular signalling
pathways through various membrane receptors. 4-
Hydroxynonenal metabolites enhanced by AP;.4;-
induced lipid peroxidation have been found to impair
the functions of important membrane proteins and
Ca’" homeostasis, resulting in increased free oxygen
radicals and neuronal damage®. In addition, oxidative
processes convert non-aggregated AP;4 to
aggregated Af;.4,, while AP;.4, itself increases free
radical production, thus resulting in a pathological
cycle4°. For these reasons, we chose A4 to induce
AD model in our study and based on our behavioural

test results coupled with biochemical and histological
analyses, the AD model was successfully induced.
The open field test was performed to evaluate
locomotor  activity  before  other  behavioural
experiments. There was no significant difference
between the groups on the number of squares crossed
and rearing. It is known that tetrahydrocannabinol
(THC), the psychoactive component of C. sativa, has a
stimulating effect and increases locomotor activity in
rats in the open field test'. The fact that non-
psychoactive components (cannabidiol and
cannabigerol used in our study) did not cause any
changes in the open field test indicates that they do not
have stimulant or sedative effects, andit is important
that other behavioural parameters were not affected.
The passive avoidance test was used to assess the
emotional learning and memory function®. The
shortening of the latency time of the rat placed in the
light compartment to the dark compartment where
electricity is applied indicates that learning and
memory are impaired®. In this study, it was observed
that the administration of AP.4, reduced the latency
time in the subjects demonstrating emotional learning
and memory impairment. On the other hand, we
observed that cognitive functions improved when the
AD-induced rats were given CBD, while CBG
treatment was ineffective. In previous studies, it has
been shown that CBD corrects impaired cognition in
the passive avoidance test'. The effectiveness of
CBG in passive avoidance test was shown for the first
time in our study and it was not effective in restoring
impaired cognition. It has been suggested that
stimulation of the cannabinoid receptor type 1 (CB1)
receptor impairs learning-memory functions, while
CBI1 antagonists improve this function®’. It has also
been shown that CBD, which we used in our study,
acts as an allosteric modulator of CB1, binding to
sites other than the ligand-binding site and inhibiting
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its activity, while CBG binds to this receptor as a
weak agonist”’. Since CBG is a weak agonist, it may
be ineffective in the AD induced cognitive
disfunctions in the passive avoidance test.

In our experimental studies, Morris' water maze
test was utilized to investigate 3-dimensional (3D)
learning and memory functions in rats. In this test, the
rat's ability to find the platform hidden in the quarter
of the tank was investigated with the help of clues in
the environment*’. The latency time (i.e., the time to
reach the platform) for 4 days and the time spent in
the target quadrant on the probe test day were used as
learning-memory evaluation parameters. It was
expected that a healthy rat would reach the platform in
a relatively shorter time on the next test days, which
would indicate that the learning and memory functions
are enhanced. In our study, an increase in the time to
reach the platform was observed in the Alzheimer
group as compared to the Control group, especially on
the 3™ and 4" days, which indicates that the learning-
memory was impaired in the Alzheimer group. In our
study, both CBD and CBG treatments shortened the
latency time as compared to the Alzheimer group and
re-organised the deterioration in the learning memory
observed in the Alzheimer group.

It is reported that when the platform is removed in
the prob test, the increase in the time spent in the
target quarter where the platform is located indicates
that the rat had gained learning skills*’. In our study,
the time spent in the target quadrant of the Alzheimer
group decreased as compared to the Control group,
proving that learning memory was impaired in the
AD-induced rats. The CBD and CBG treatments
rescued A4, induced special memory deficits.

It has been reported that pro-inflammatory cytokines
including TNF-a and IL-1 (especially IL-1B) are
increased in the hippocampus and cerebral cortex, thus
cause inflammation in AD*™. TNF-a levels in these
regions have been reported to cause amyloid plaque
formation, which mediates impaired learning and
memory function®”. Prevention of this inflammatory
response is one of the important goals in the treatment
of AD. In our study, we measured TNF-a and IL-1B
levels in hippocampus and cerebral cortex specimens
utilizing ELISA to evaluate their induced inflammation
in AD. Indeed, we observed that inflammation
increased in Alzheimer induced rats, which was
modulated/reduced by the CBD and CBG treatments
equally. It is well-known that marked inflammation
occurs in AD that is induced by APi4,. In addition, it

was shown that cannabinoids effectively prevent the
AP4 mediated increase in the pro-inflammatory
cytokines and the neurodegeneration that occurs
after its in vitro and in vivo administration®.
Therefore, such drugs with neuroprotective and
anti-inflammatory  effects, especially devoid of
psychoactive effects”, may be of interest in the
prevention of AD inflammation®’.

As with our immunohistochemical analyses, an
increase in A;.4, expression was observed in both the
cerebral cortex and hippocampus tissues of the AD
group rats as compared to the Control group. This
predictable increase® in the icv APj.4-induced AD
model indicates that the model was successfully
established. Notably, the increase in the AD group
was reduced by CBD and CBG treatments in the
cerebral cortex. Considering the hippocampus results,
while relatively low A4 expression was observed in
the CBD group, AB;.4, expression was not observed in
the CBG group. Based on our IHC analysis, CBG
treatment showed profound decreased in the amyloid
plaque formation as compared to CBD treatment.

Cannabidiol has low affinity for CB1 and CB2, and
studies show that mechanisms unrelated to these
receptors are responsible for their pharmacological

effects. These non-CB-receptor-mediated actions
would  explain  their effects on  several
neurotransmitter systems, such as modulating

glutamatergic activity. CBD reduced glutamate-
mediated neurotoxicity observed in the hippocampus
and prefrontal cortex by the modulation of glutamate
released by cannabinoids®™. Consistent with these
data, in our study, CBD administration ameliorated
ABi4 induced memory impairment presumably
through interactions between the CBD and the
glutamatergic system. Also, previous studies have
shown that glutamate toxicity can be prevented by the
antioxidant properties of CBD. CBD interrupts free
radical chain reactions by capturing free radicals or
converting them into less active forms. The direct
antioxidant effects of CBD are related to pro-oxidant
enzyme activity, chelation of transition metal ions,
interruptions of free radical chain reactions, antioxidant
enzyme activity, non-enzymatic antioxidant levels,
oxidative modifications of lipid protein, and the effect
on DNA. CBD has also been found to exert partial
agonist activity on the serotonin (5-HT) receptor type
5-HT1, inhibit 5-HT reuptake, and reduce overall 5-HT
neurotransmission’’. CBD induces a variety of
pharmacological effects, possibly by increasing 5-HT
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neurotransmission, followed by activation of post-
synaptic 5-HT1A receptors. However, the activated 5-
HT1A receptor can act as a membrane antioxidant by
trapping ROS™. Thus, CBD's affinity to S5-HT
receptors appears to be responsible for, but not limited
to, its neuroprotective effects™.

There are limited studies in the peer-reviewed
iterature that discusses the effects of C. sativa (and
some of its related effective compounds) on AD and
are not sufficient to elucidate their mechanism(s) of
action. Nonetheless, there are studies in the peer-
reviewed literature that show CBD and CBG
effectiveness in various neurodegenerative diseases.
These studies are rather incomplete in terms of
elucidating the effects of CBD on AD, and there is no
available study showing the effects of CBG on AD in
the literature. Based on the neuroprotective and
neuromodulatory effects of CBD and CBG in other
neurodegenerative diseases, it is believed that it might
be effective in AD. As expected, in our study of
behavioural experiments in rats and biochemical and
histological analyses, CBD and CBG treatments
improved the defects of AD in the AB;.4, induced AD
model. Thus, our study observations could advocate
that C. sativa (a natural product of herbal origin and
its components) can be useful in the development of
effective treatment for AD.

Conclusion

Since the commonly used products (e.g., cosmetics,
energy bars, and beverages) contain substantial
amounts of non-psychoactive cannabis ingredients,
more people are consuming these products in their
daily lives. However, studies have shown that
non-psychoactive cannabis components are effective
in various diseases. Our study highlights the
importance of studies with cannabis derivatives, as we
have elucidated the efficacy of cannabis derivatives
(viz., CBD and CBG) on Passive avoidance test,
Morris's water maze test, inflammatory cytokines'
levels, and A4, expression in cerebral cortex and
hippocampus specimens of ABi.4, induced AD rats. A
mechanistic study with the standard drug may be
required in further preclinical studies before
concluding/suggesting the use in a clinical setting.

Conflict of Interest
The authors declare no conflict of interest.

References
1  World Health Organization (2018) http://www.who.int.
Accessed December 28, 2022.

10

11

12

13

14

15

16

17

18

19

20

21

INDIAN J EXP BIOL, DECEMBER 2024

Karch CM & Goate AM, Alzheimer's disease risk genes and
mechanisms of disease pathogenesis. Biol Psychiat, 77
(2015) 43.

Rose CR & Konnerth A, Stores not just for storage
intracellular calcium release and synaptic plasticity. Neuron,
31 (2001) 519.

Sonkusare SK, Kaul CL & Ramarao P, Dementia of
Alzheimer's disease and other neurodegenerative disorders:
Memantine, a new hope. Pharmacol Res, 51 (2005) 1.
Monteiro F, Sotiropoulos I, Carvalho O, Sousa N &
Silva FS, Multi-mechanical waves against Alzheimer's
disease  pathology: A  systematic review. Transl
Neurodegener, 10 (2021) 36.

Vaz M & Silvestre S, Alzheimer's disease: Recent treatment
strategies. Eur J Pharmacol, 887 (2020) 173554.

Maroyi A, Traditional use of medicinal plants in south-
central Zimbabwe: Review and perspectives. J Ethnobiol
Ethnomed, 9 (2013) 31.

Amin MR & Ali DW, Pharmacology of medical cannabis.
Adv Exp Med Biol, 1162 (2019) 151.

Bosnjak Kuharic D, Markovic D, Brkovic T, Kegalj MJ,
Rubic Z, Vukasovic AV, Jeroncic A & Puljak L,
Cannabinoids for the treatment of dementia. Cochrane
Database Syst Rev, 9 (2021) CD012820.

Kim J, Isokawa M, Ledent C & Alger BE, Activation of
muscarinic acetylcholine receptors enhances the release of
endogenous cannabinoids in the hippocampus. J Neurosci,
22 (2002) 10182.

Varma N, Carlson GC, Ledent C & Alger BE, Metabotropic
glutamate receptors drive the endocannabinoid system in
hippocampus. J Neurosci, 21 (2001) RC188.

Witting A, Walter L, Wacker J, Mdller T & Stella N,
P2X7 receptors control 2-arachidonoylglycerol production
by microglial cells. Proc Natl Acad Sci U S 4, 101 (2004)
3214.

Castillo PE, Younts TJ, Chavez AE & Hashimotodani Y,
Endocannabinoid signaling and synaptic function. Neuron,
76 (2012) 70.

Rom S & Persidsky Y, Cannabinoid receptor 2: Potential
role in immunomodulation and neuroinflammation. J
Neuroimmune Pharmacol, 8 (2013) 608.

Campillo NE & Paez JA, Cannabinoid system in
neurodegeneration: New perspectives in Alzheimer's disease.
Mini Rev Med Chem, 9 (2009) 539.

Vaseghi S, Arjmandi-Rad S, Nasehi M & Zarrindast MR,
Cannabinoids and sleep-wake cycle: The potential role of
serotonin. Behav Brain Res, 412 (2021) 113440.

Klein TW, Cabral GA (2006) Cannabinoid-induced immune
suppression and modulation of antigen-presenting cells. J
Neuroimmune Pharmacol 1:50-64

Gaston T E & Friedman D, Pharmacology of cannabinoids
in the treatment of epilepsy. Epilepsy Behav, 70 Pt B
(2017) 313.

Arain M, Khan M, Craig L & Nakanishi ST, Cannabinoid
agonist rescues learning and memory after a traumatic brain
injury. Ann Clin Transl Neurol, 2 (2015) 289.

Choi SH, Mou Y & Silva AC, Cannabis and cannabinoid
biology in stroke. Stroke, 50 (2019) 2640.

Correa F, Docagne F, Mestre L, Loria F, Hernangémez M,
Borrell J & Guazaet C, Cannabinoid system and



22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

AYDIN et al.: ROLE OF C. SATIVA IN ALZHEIMER'S DISEASE MODEL

neuroinflammation: Implications for multiple sclerosis.
Neuroimmunomodulation, 14 (2007) 182.

Junior NCF, Dos-Santos-Pereira M, Guimardes FS &
del Bel E, Cannabidiol and cannabinoid compounds as
potential strategies for treating Parkinson's disease and
L-DOPA-induced dyskinesia. Neurotox Res, 37 (2020) 12.
Pérez-Olives C, Rivas-Santisteban R, Lillo J, Navarro G &
Franco R, Recent advances in the potential of cannabinoids
for neuroprotection in Alzheimer's, Parkinson's, and
Huntington's diseases. Adv Exp Med Biol, 1264 (2021) 81.
Centonze D, Rossi S, Finazzi-Agro A, Bernardi G &
Maccarrone M, The (endo)cannabinoid system in multiple
sclerosis and amyotrophic lateral sclerosis. Int Rev
Neurobiol, 82 (2007) 171.

Di S, Boudaba C, Popescu IR, Weng F-J, Harris C,
Marcheselli VL, Bazan NG & Tasker JG, Activity-dependent
release and actions of endocannabinoids in the rat
hypothalamic supraoptic nucleus. J Physiol, 569 Pt 3 (2005)
751.

Di S, Malcher-Lopes R, Marcheselli VL, Bazan NG &
Tasker JG, Rapid glucocorticoid-mediated endocannabinoid
release and opposing regulation of glutamate and gamma-
aminobutyric acid inputs to hypothalamic magnocellular
neurons. Endocrinology, 146 (2005) 4292.

Krishnan S, Cairns R & Howard R, Cannabinoids for the
treatment of dementia. Cochrane Database Syst Rev, 2009
(2009) CD007204.

Campos AC, Fogaga MV, Sonego AB & Guimardes FS,
Cannabidiol, neuroprotection and neuropsychiatric disorders.
Pharmacol Res, 112 (2016) 119.

Valdeolivas S, Navarrete C, Cantarero I, Bellido ML,
Muioz E & Sagredo O, Neuroprotective properties of
cannabigerol in Huntington's disease: Studies in R6/2 mice
and 3-nitropropionate-lesioned mice. Neurotherapeutics, 12
(2015) 185.

Stone NL, Murphy AJ, England TJ & O'Sullivan SE, A
systematic review of minor phytocannabinoids with
promising neuroprotective potential. Br J Pharmacol, 177
(2020) 4330.

Schubert D, Kepchia D, Liang Z, Dargusch R, Goldberg J &
Mabher P, Efficacy of cannabinoids in a pre-clinical drug-
screening platform for Alzheimer's disease. Mol Neurobiol,
56 (2019) 7719.

Kaur R, Ambwani SR & Singh S, Endocannabinoid system:
A multi-facet therapeutic target. Curr Clin Pharmacol, 11
(2016) 110.

Karthick C, Nithiyanandan S, Essa MM, Guillemin GJ,
Jayachandran SK & Anusuyadevi M, Time-dependent effect
of oligomeric amyloid-p (1-42)-induced hippocampal
neurodegeneration in rat model of Alzheimer's disease.
Neurol Res, 41 (2019) 139.

Hazar-Yavuz AN, Yildiz S, Keles Kaya R, Cam ME &
Kabasakal L, Sodium-glucose co-transporter inhibitdr
dapagliflozin attenuates cognitive deficits in sporadic
Alzheimer's rat model. J Res Pharm, 26 (2022) 2.

Bevins RA & Besheer J, Object recognition in rats and mice:
A one-trial non-matching-to-sample learning task to study
'recognition memory'. Nat Protoc, 1 (2006) 1306.

Abdel-Aal RA, Assi AA & Kostandy BB, Rivastigmine
reverses aluminum-induced behavioral changes in rats. Eur J
Pharmacol, 659 (2011) 169.

37

38

39

40

41

42

43

44

45

46

47

48

49

50

51

947

Cam ME, Hazar-Yavuz AN, Yildiz S, Ertas B, Ayaz Adakul
B, Taskin T & Kabasakal L, The methanolic extract of
thymus praecox subs. scorpilii var. skorpilii restores glucose
homeostasis, ameliorates insulin resistance and attenuates p-
cell damage on streptozotocin/nicotinamide-induced type 2
diabetic rats. J Ethnopharmacol, 231 (2019) 2019.

Vidal C & Zhang L, An analysis of the neurological and
molecular alterations underlying the pathogenesis of
Alzheimer's disease. Cells, 10 (2021) 546.

Varadarajan S, Kanski J, Aksenova M, Lauderback C &
Butterfield DA, Different mechanisms of oxidative stress
and neurotoxicity for Alzheimer's A beta(1-42) and A
beta(25-35). J Am Chem Soc, 123 (2002) 5625.

Lauderback CM, Hackett JM, Huang FF, Keller JN,
Szweda LI, Markesbery WR & Butterfieldet DA, The glial
glutamate transporter, GLT-1, is oxidatively modified by 4-
hydroxy-2-nonenal in the Alzheimer's disease brain: The role
of Abetal-42. J Neurochem, 78 (2001) 413.

Kantar Gok D, Hidisoglu E, Ocak GA, Er H, Acun AD &
Yargicoglu P, Protective role of rosmarinic acid on amyloid
beta 42-induced echoic memory decline: Implication of
oxidative stress and cholinergic impairment. Neurochem Int,
118 (2018) 1.

Tabassum S & Haider S, Extensive but not limited repeated
trials in passive avoidance task induce stress-like symptoms
and affect memory function in rats. Neuroscience, 371
(2018) 495.

Ambrogi Lorenzini C, Bucherelli C & Giachetti A,
Passive and active avoidance behavior in the light-dark box
test. Physiol Behav, 32 (1984) 687.

Aso E, Andrés-Benito P, Carmona M, Maldonado R &
Ferrer 1, Cannabinoid receptor 2 participates in amyloid-p
processing in a mouse model of Alzheimer's disease but
plays a minor role in the therapeutic properties of a cannabis-
based medicine. J Alzheimers Dis, 51 (2016) 489.

Laprairie RB, Bagher AM, Kelly ME & Denovan-Wright
EM, Cannabidiol is a negative allosteric modulator of the
cannabinoid CB1 receptor. Br J Pharmacol, 172 (2015) 20.
Faes C, Aerts M, Geys H & De Schaepdrijver L, Modeling
spatial learning in rats based on Morris water maze
experiments. Pharm Stat, 9 (2010) 10.

Isik AT, Celik T, Ulusoy G, Ongoru O, Elibol B, Doruk H,
Bozoglu E, Kayir H, Mas MR & Akman S, Curcumin
ameliorates impaired insulin/IGF signalling and memory
deficit in a streptozotocin-treated rat model. Age (Dordr), 31
(2009) 39.

Michaud M, Balardy L, Moulis G, Gaudin C, Peyrot C,
Vellas B, Cesari M & Nourhashemi F, Pro-inflammatory
cytokines, aging, and age-related diseases. J Am Med Dir
Assoc, 14 (2013) 877.

Zhu B, Wang ZG, Ding J, Liu N, Wang DA-M, Ding L-C &
Yang C, Chronic lipopolysaccharide exposure induces
cognitive dysfunction without affecting BDNF expression in
the rat hippocampus. Exp Ther Med, 7 (2014) 750.

Ramirez BG, Blazquez C, Gémez del Pulgar T, Guzman M
& de Ceballos ML, Prevention of Alzheimer's disease
pathology by cannabinoids: Neuroprotection mediated
by blockade of microglial activation. J Neurosci, 25 (2005)
1904.

Hanus L, Breuer A, Tchilibon S, Shiloah S, Goldenberg D,
Horowitz M, Pertwee RG, Ross RA, Mechoulam R &



948

52

53

54

INDIAN J EXP BIOL, DECEMBER 2024

Fride E, HU-308: A specific agonist for CB(2), a peripheral
cannabinoid receptor. Proc Natl Acad Sci U S A4, 96 (1999)
:14228.

Wu N, Rao X, Gao Y, Wang J & Xu F, Amyloid-f
deposition and olfactory dysfunction in an Alzheimer's
disease model. J Alzheimers Dis, 37 (2013) 699.

Hampson AJ, Grimaldi M, Axelrod ] & Wink D,
Cannabidiol and  (-)Delta9-tetrahydrocannabinol  are
neuroprotective antioxidants. Proc Natl Acad Sci U S A,
95 (1998) 8268.

de Gregorio D, McLaughlin RJ, Posa L, Ochoa-Sanchez R,
Enns J, Lopez-Canul M, Aboud M, Maione S, Comai S &

55

56

Gobbi G, Cannabidiol modulates serotonergic transmission
and reverses both allodynia and anxiety-like behavior in a
model of neuropathic pain. Pain, 160 (2019) 136.

Azouzi S, Santuz H, Morandat S, Pereira C, Coté F,
Hermine O, El Kirat K, Colin Y, van Kim CL, Etchebest C &
Amireault P, et al (2017) Antioxidant and membrane
binding properties of serotonin protect lipids from oxidation.
Biophys J, 112 (2017) 1863.

Kruk-Slomka M & Biala G, Cannabidiol attenuates
MK-801-induced cognitive symptoms of schizophrenia
in the passive avoidance test in mice. Molecules, 26
(2021) 5977.



