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A B S T R A C T

Aim: Cannabinoid system has various physiological roles such as neurogenesis, synaptic plasticity and emotional
state regulation in the body. The presence of cannabinoid type 2 receptor (CB2), a member of the cannabinoid
system, was detected in different regions of the brain. CB2 receptor plays a role in neuroinflammatory and
neurodegenerative processes. We aimed to determine the possible effect of CB2 agonist JWH-133 in Okadaic acid
(OKA)-induced neurodegeneration model mimicking Alzheimer's Disease (AD) through tau pathology.
Materials and methods: In this study, 40 Sprague Dawley male rats were divided into 4 groups (Control, Sham,
OKA, OKA+ JWH-133). Bilateral intracerebroventricular (icv) injection of 200 ng OKA was performed in the
OKA group. In the OKA+JWH-133 group, injection of JWH-133 (0.2 mg/kg) was performed intraperitoneally
for 13 days different from the group of OKA. Morris water maze test was used to evaluate the spatial memory.
Levels of caspase-3, phosphorylated tau (ser396), amyloid beta (Aβ), tumor necrosis factor-alpha (TNF-α) and
interleukin-1 beta (IL-1β) levels in brain cortex; and the hippocampus regions were examined by im-
munohistochemical methods.
Key findings: In the OKA group, caspase-3, phosphorylated tau (ser396), Aβ, IL-1β levels were higher in the
cortex and hippocampus than in the other groups. The implementation of the JWH-133 reversed the increments
in these parameters, and also prevented spatial memory impairment.
Significance: In this study, we found that the administration of the CB2 receptor agonist JWH-133 in this study
reduced neurodegeneration, neuroinflammation, and spatial memory impairment in the OKA-induced
Alzheimer's Disease model.

1. Introduction

Alzheimer's Disease (AD) is the most common cause of dementia,
especially in people over 65 years of age. The number of AD cases is
estimated to reach 100 million in 2050. This disease is characterized by
loss of progressive and irreversible cognitive functions; and is a sig-
nificant problem for the patients in terms of their self-care, their daily
lives and their health expenditures [9,38].

In the pathophysiology of the disease; cognitive function loss is
accompanied by neurofibrillary tangles (NFT) and amyloid beta (Aβ)
plaque formation, neuroinflammation, oxidative stress and cholinergic
neuron loss [2]. There is a correlation between the amount of NFT and
the disorder in cognitive functions in AD. The underlying cause of NFT

formation in brains of the people with AD is abnormal tau hyperpho-
sphorylation [16]. Protein phosphatase 1 (PP1) and protein phospha-
tase 2A (PP2A) are the most important serine/threonine phosphatases
found in mammalian brain. These phosphatases are a potential target in
research on tau pathology [17]. Inactivation of PP1 and PP2A leads to
hyperphosphoryl tau formation and consequently results in NFT for-
mation. In addition, the expression and activity of PP1 and PP2A in the
brain were found to be low in AD patients [26].

Okadaic acid (OKA) is a potent serine/threonine PP1 and PP2A
inhibitor. This molecule has been shown to cause tau hyperpho-
sphorylation in vivo and in vitro studies [23]. In many experimental
studies, tau hyperphosphorylation has been demonstrated in a manner
similar to AD by intracerebroventricular (icv) application of OKA [1].
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Icv OKA has been shown to induce neuroinflammation, oxidative stress
and Aβ formation in the brain with cognitive function impairment in
rats [10,21,22,36,41].

Cannabinoids are substances that activate cannabinoid receptors. In
the body, cannabinoid system has various physiological roles such as
neurogenesis, synaptic plasticity and emotional state regulation [27].
The presence of the cannabinoid type 2 receptor (CB2), a component of
the cannabinoid system, was detected in different regions of the brain
and was found, especially in astrocytes and microglia cells [4]. CB2,
which has been shown to play an active role in neuroinflammatory and
neurodegenerative processes, has also been reported to increase mi-
croglial migration and infiltration [15,39]. Increased levels of CB2 have
been shown in brains of Alzheimer's patients [7,35]. JWH-133 is a se-
lective cannabinoid type 2 receptor agonist [8]. In recent years, studies
have shown that JWH-133 administration in transgenic AD models
prevents neuroinflammation, Aβ accumulation, and impairment of
cognitive function [3,28]. In this study, we investigated the effect of

CB2 agonist JWH-133 on OKA-induced neurodegeneration.

2. Materials and methods

2.1. Animals

In this study, 40 male Sprague-Dawley rats weighing 250–350 g
obtained from Inonu University Experimental Animal Production and
Research Center were used. All the applications in this study were
carried out in accordance with the experimental protocol approved by
the Ethics Board of the Inonu University Medical Faculty Experimental
Animal Research (2017/A-42). The animals were housed in a ventilated
environment at 20–22 °C, with 12 h of light and 12 h of darkness cycle.
The rats were fed ad libitum with standard pelleted rat diet and served
with tap water. The animals used in the experiment were randomized
into 4 groups of 10 rats each. Prior to the experiment all animals were
housed in single cages; and were kept in single cages throughout the
experiment.

Fig. 1. Scheme of experimental procedure.

Fig. 2. Treatment with JWH-133 attenuated spatial memory deficits induced by
OKA icv injection in rats. JWH-133 significantly reduced the latency time sig-
nificantly on OKA-induced spatial memory impairment in rats (B). JWH-133
significantly reduced the path length significantly on OKA-induced spatial
memory impairment in rats (A). *p < 0.05 different from day 1. Data ex-
pressed as mean ± SD (n=10).

Fig. 3. Effect of JWH-133 on swimming speed and time in the target quadrant.
The JWH-133 application reduced the increase in swimming speed caused by
OKA (A). The JWH-133 application increased the time spent in the target
quadrant (B). *p < 0.05 different from Control, Sham, OKA+JWH-133
groups. Data expressed as mean ± SD (n=10).
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2.2. Surgical applications

Rats-except for the control group-were anesthetized with in-
traperitoneally (ip) 70mg/kg ketamine and 8mg/kg xylazine. The head
skin area to be incised was shaved and cleaned with povidone iodine
solution. After the animals were fixed to the stereotactic device (Rodent
Stereotaxic Instruments, Harvard Apparatus, the USA), the skull skin
was cut in the middle line with the scalpel showing the bone structure.
Dental burr holes were drilled in the skull on both the sides over the
lateral ventricles using the stereotaxic coordinates: 0.8 mm posterior to
bregma, 1.4mm lateral to sagittal suture, and 4.8mm beneath the
surface of the brain [32].

2.3. Experiment groups

The formation of the groups and the applications were made as
follows (Fig. 1):

Control group: No injection or surgical procedure was performed. At
the end of the learning experiment, the animals were decapitated.

Sham group: Artificial cerebrospinal fluid (aCSF) injections were
performed in 5 μL volumes bilaterally in the lateral ventricles of the
animals. Subsequently, the vehicle was injected ip for 13 days.

OKA group: Injection of 200 ng OKA (Santa Cruz Biotechnology,
California, the USA) injected bilaterally into the lateral ventricles in
5 μL volumes was performed as icv. [37]. Subsequently, the vehicle was
injected ip for 13 days.

OKA+JWH-133: Bilateral injection of 200 ng OKA dissolved in
5 μL volumes in aCSF was performed in the lateral ventricles as icv
[37]. Subsequently, JWH-133 (Biorbyt, California, the USA) was dis-
solved in DMSO and diluted to 99% in phosphate buffer. An injection of
0.2 mg/kg JWH-133 was administered ip for 13 days.

On the 14th day, all animals were taken into Morris water maze test
and their spatial memories were evaluated.

2.4. Administration of Morris water maze test

The Morris water maze test is a test constructed by Richard G.
Morris designed to measure spatial memory in rodents [30]. The water
tank with a diameter of 150 cm and a height of 60 cm was filled with
water up to a height of 40 cm. The tank surface was virtually divided
into 4 equal quadrants (Northeast, northwest, southeast and south-
west). The Northwest quadrant was identified as the target quadrant. A
platform with a diameter of 10 cm was placed on the target quadrant at
a distance of 30 cm from the edge of the pool, 1 or 2 cm below the

Fig. 4. JWH-133 ameliorated cortex and hippocampal neurons damage induced by OKA. Cerebral cortex: Control (A), Sham (B) and OKA+ JWH-133 (D) groups
notice normal pyramidal cell (arrows) OKA (C) the view of eosinophilic degeneration of pyramidal cells. Hippocampus: Control (E), Sham (F) and OKA+JWH-133
(H) groups showing normal hippocampus. OKA (G) the view of eosinophilic degeneration of pyramidal cells H-E; ×40. The number of degenerated neurons was
calculated using the ×40 objective in 100 different field in the cerebral cortex and hippocampus. *p < 0.05 different from Control, Sham, OKA+ JWH-133 groups.
Ψp < 0.05 different from OKA group. Data expressed as mean ± SD (n=10).
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surface of the water. The platform was kept stationary for 4 days. The
water in the pool was painted with non-toxic food stain (Mixol, Ger-
many) so that the rats could not see the platform when they were re-
leased into the water; and the water temperature was maintained at
26 ± 2 °C. In the first 4 days of the trial, the trials were applied 4 times
at 20-min intervals every day. In each trial, the rats were left in the
water in the tank from four different directions. Rats were allowed to
swim for 120 s to find the platform. Within 120 s, the rat, which failed
to locate the platform, was placed on the platform. They waited on the
platform for 30 s to see and learn the clues around them. During the 4-
day learning period, escape latency times of the rats were measured,
and the path length of the platform was measured. On the 5th day of the
learning experiment, in the probe trial test, the platform inside the tank
was removed. The animals were allowed to swim for 120 s. During this
time, the time and speed of the animals spent in the quadrant where
platform was placed were measured. A computerized video camera
system (Ethovision, Noldus) was used to record and evaluate the
movements of the rat in the tank.

2.5. Histological examination

At the end of the Morris water maze test, the rats under the an-
esthesia were decapitated. The brain tissue of the rats was removed.

Care was taken to make this process happen quickly. Brain samples
were fixed for 48 h in 10% neutral formalin. Then, after being washed
with water, these samples were dehydrated following a graded alcohol
series. After cleaning with xylol, they were then immersed in paraffin.
The 5 μm-thick brain sections were taken from the paraffin blocks.
These were stained with hematoxylin-eosin for evaluating the brain
structure [10]. The sections were studied using an Olympus BX-51
Photomicroscope. Number of degenerated neurons (degenerated neu-
rons were defined as acidophilic cytoplasm) was calculated using the
X40 objective in 50 different field in the cerebral cortex and hippo-
campus.

2.6. Immunohistochemistry analysis

The Avidin-Biotin-peroxidase method was applied im-
munohistochemically to determine caspase-3, p-tau (ser396), Aβ, TNF-
α and IL-1β immunoreactivity in the brain tissue. The sections of par-
affin blocks with a thickness of 5 μm were incubated at 60 °C for 1
night. Following this procedure, sections were passed through xylene
and descending grades of alcohol. The distillate was then washed with
water and then treated with citrate buffer for antigen recovery. After
washing with PBS, application of hydrogen peroxide was performed.
Subsequent operations were performed using the Large Volume

Fig. 5. JWH-133 administration reduced the level of OKA-induced caspase-3 immunoreactivity in the hippocampus and cortex (I). Cerebral cortex: Control (A), Sham
(B) and OKA (C) and OKA+ JWH-133 (D) caspase (+) immunoreactivity are observed in cerebral cortex (arrows) caspase; ×40. Hippocampus: Control (E), sham (F)
and OKA (G) OKA+ JWH-133 (H) caspase (+) immunoreactivity are observed in hippocampus (arrows) caspase; ×40. The number of caspase-3 (+) im-
munoreactivity was calculated using the ×40 objective in 100 different field in the cerebral cortex and hippocampus. *p < 0.05 different from Control, Sham,
OKA+JWH-133 groups. Data expressed as mean ± SD (n=10).
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Detection System kit. Afterwards, 5 min serum block were applied to
samples. Following this procedure, Primer Antibodies caspase-3, p-tau
(ser396), Aβ, TNF-α, IL-1β (Santa Cruz Biotechnology, Texas, the USA)
were applied to the samples overnight at +4 °C. Antibodies were
stained from different slides. Antibodies were stained by the same
procedure. Biotinylated secondary streptavidin-HRP and DAB chromo-
gens were applied after primer antibody application and then stained
with Gill Hematoxylin. Finally, it gradually passed through increasing
alcohol series and xylene, and was closed with entellan [10]. The sec-
tions were examined under 40× objective magnification using an
Olimpus BX51 light microscope. Image-J program was used to measure
immunoreactivity from images taken from the slides. For measure-
ments, 100 different areas were evaluated from each group.

2.7. Statistical analysis

SPSS 22 package program was used for statistical analysis. The
homogeneous distribution of the data was determined by the Shapiro-
Wilk test. The One-Way ANOVA test was used as a statistical method
and the Post-Hoc Tukey test was used in multiple comparisons. Unlike
other data, in the statistical analysis of the learning experiment of the
first 4 days, repeated measurements ANOVA test was used. Values were

expressed as mean ± standard deviation (SD). A value of p < 0.05
was considered statistically significant.

3. Results

3.1. Effect of JWH-133 on the cognitive deficit of OKA injected rats

In the trial test, escape latency times (Fig. 2B) in the control and
sham groups were significantly decreased on the second, third, and
fourth days compared to the first day (p < 0.05). When we compared
the escape latency times of the OKA group, it was seen that only the
escape latency times on the fourth day was significantly shorter than on
the first day (p < 0.05). Compared to escape latency times in
OKA+ JWH-133 group, there was a statistically significant decrease in
the second, third and fourth day (p < 0.05).

In the comparison of the Path Length (Fig. 2A) in the control and
sham group in the trials test, it was observed that the distances de-
creased significantly on the second, third and fourth days compared to
the first day (p < 0.05). When the Path Length of the OKA group was
compared, it was observed that the distance decreased significantly
only on the fourth day compared to the first day (p < 0.05). In the path
length comparison of the OKA+JWH-133 group, there was a

Fig. 6. JWH-133 administration reduced the level of OKA-induced p-tau (ser396) immunoreactivity in the hippocampus and cortex regions (I). Cerebral cortex:
Control (A), Sham (B), OKA (C), and OKA+JWH-133 (D) p-tau (ser396) (+) immunoreactivity are observed in cerebral cortex (arrows) p-tau (ser396); ×40.
Hippocampus: Control (E), Sham (F), OKA (G) and OKA+ JWH-133 (H) p-tau (ser396) (+) immunoreactivity are observed in hippocampus (arrows) p-tau (ser396);
×40. The number of p-tau (ser396) (+) immunoreactivity was calculated using the ×40 objective in 100 different field in the cerebral cortex and hippocampus.
*p < 0.05 different from Control, Sham, OKA+ JWH-133 groups. Data expressed as mean ± SD (n=10).
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statistically significant shortening of distance on the second, third and
fourth day compared to the first day (p < 0.05).

In the Probe Trial test, the time and swimming speed (Fig. 3A) of the
animals on the target quadrant (Fig. 3B) were evaluated. Compared
with the control and sham group, the time spent in the target quadrant
in the OKA group was OKA group was shorter (p < 0.05). In the
OKA+ JWH-133 group, the time spent in the target quadrant was
significantly higher than in the OKA group (p < 0.05). When the
swimming speed of animals was compared in the control and sham
group, the swimming speed of the animals in the OKA group increased
(p < 0.05). The swimming speed of animals in OKA+JWH-133 group
was less than that of OKA group (p < 0.05).

3.2. Effect of JWH-133 on the neuropathologic alterations of rats with OKA

The cortex and hippocampus tissue were found to have normal
histological structure in the sections stained with hematoxylin and
eosin in the Control and Sham groups (Fig. 4A, B, E, F). The number of
eosinophilic cells was significantly increased in the OKA and
OKA+ JWH-133 groups compared to the Control and Sham groups
(p < 0.001) (Fig. 4C, D, G, H). In the OKA+JWH-133 group, the
number of eosinophilic cells in the cortex and hippocampus tissue de-
creased significantly compared to the OKA group (p < 0.001)

(Fig. 4D,H). In Control, Sham and OKA+JWH-133 groups, regular
cells are indicated by arrows, while eosinophilic cells are shown by
arrows in OKA group.

The immunoreactivity of brain cortex areas is given in Figs. 5, 6, 7,
8, and 9. The levels of caspase-3, p-tau (ser396), Aβ, IL-1β im-
munoreactivity in the cerebral cortex were increased at a statistically
significant level in the OKA group compared to the control and sham
groups (p < 0.05). The level of immunoreactivity of caspase-3, p-tau
(ser396), Aβ, IL-1β showed a statistically significant decrease in the
OKA+ JWH-133 group compared to the OKA group (p < 0.05).

The immunoreactivity of the hippocampus areas is given in Figs. 5,
6, 7, 8, and 9. In the OKA group, the levels of caspase-3, p-tau (ser396),
Aβ, IL-1β and TNF-α immunoreactivity in the hippocampus regions
were statistically higher than control and sham groups (p < 0.05). The
immunoreactivity of Caspase-3, p-tau (ser396), Aβ, IL-1β and TNF-α
decreased statistically in the OKA+ JWH-133 group compared to the
OKA group (p < 0.05).

4. Discussion

OKA is a selective inhibitor of the PP1 and PP2A enzymes. It can
easily pass through the cell membrane. It leads to inhibition of PP1 and
PP2A in neurons that results in hyperphosphorylation of tau proteins

Fig. 7. JWH-133 administration reduced the Aβ immunoreactivity caused by OKA in the cortex and hippocampus regions (I). Cerebral cortex: Control (A), Sham (B),
OKA (C) and OKA+ JWH-133 (D Aβ (+) immunoreactivity are observed in cerebral cortex (arrows) Aβ×40. Hippocampus: Control (E), Sham (F), OKA (G) and
OKA+JWH-133 (H) Aβ (+) immunoreactivity are observed in hippocampus (arrows) Aβ×40. The number of Aβ (+) immunoreactivity was calculated using the
×40 objective in 100 different field in the cerebral cortex and hippocampus. *p < 0.05 different from Control, Sham, OKA+ JWH-133 groups. Data expressed as
mean ± SD (n=10).
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that provide microtubule stability. The tau protein, which is hyper-
phosphorylated, causes the microtubule structure to deteriorate. As a
result, NFT formation occurs in the brain. It has been found that the
level and activity of PP1 and PP2A, the most important serine/threo-
nine phosphatase in mammalian brain, is low in brains of patients with
AD [26]. Many experimental studies have demonstrated that tau hy-
perphosphorylation is similar to AD after OKA has been administered as
icv [1]. Icv OKA-induced rats show memory deterioration and increased
microglial activation in the brain, neuroinflammation, oxidative stress,
and increased accumulation of Aβ [21,22,41]. In our previous study,
rats were subjected to the learning test 14 days after injection of icv
200 ng OKA bilaterally, and then the animals were sacrificed. At the
end of the experiment, tau phosphorylation in the cortex and hippo-
campus regions of the brains of animals was accompanied by impair-
ment of spatial memory formation and increased levels of Aβ, TNF-α
and IL-1β [10].

The cannabinoid system is composed of two different receptors ac-
tivated by these ligands and N-arachidonoyl ethanolamide (ananda-
mide, AEA) and 2-arachidonoyl glycerol (2-AG) ligands known as en-
docannabinoids [31]. Cannabinoid type 1 receptor (CB1) and CB2
receptors have been detected in many regions of the brain [11]. The
level of CB2 receptors has been shown to increase in various

pathological conditions such as AD, multiple sclerosis and amyotrophic
lateral sclerosis [7,40]. It has been reported that there is a correlation
between Aβ-42 level in AD brains and senile plaque score with CB2
level. [35]. Studies in the transgenic AD model have shown increased
levels of Aβ and phosphorylated tau in mice with CB2 receptor defi-
ciency. [25]. Köfalvi et al. showed that the level of endogenous can-
nabinoid AEA in brain tissue is reduced in TgAPP-2576 mice in their
studies [24]. Aso reported et al. had been reported that administration
of 0.2 mg/kg CB2 agonist JWH-133 in APP/PS1 mice decreased tau
phosphorylation, microglial activation, pro-inflammatory cytokines (IL-
1β, IL-6, TNF-α, and IFN-γ) and cognitive function impairment [5]. In
another study, administration of JWH-133 (0.2 mg/kg) to TgAPP-2576
mice was reported to decrease the levels of Aβ, TNF-α and IL-1β [28].
The dose of JWH-133, which was administered by Aso et al. and by
Martin-Moreno et al., was the same as the dose in our study [5,28].
Tg2576 mouse model and APP/PS1 mouse model are young type ge-
netic AD model based on pathogenesis resulting from Aβ over-
production [19]. Genetically derived AD accounts for about 5–10% of
all AD cases [6]. Whereas Sporadic AD has nearly 90–95% prevalence.
Therefore, research on sporadic AD is of great importance [18]. Our
study was the first to examine the effect of CB2 receptor activation
directly on tau pathology.

Fig. 8. JWH-133 administration reduced the level of OKA-induced TNF-α immunoreactivity in the hippocampus region (I). Cerebral cortex: Control (A), Sham (B),
OKA (C) and OKA+ JWH-133 (D) groups TNF-α (+) immunoreactivity are observed in cerebral cortex (arrows) TNF-α×40. Hippocampus: Control (E), Sham (F),
OKA (G) and OKA+ JWH-133 (H) TNF-α (+) immunoreactivity are observed in hippocampus (arrows) TNF-α×40. The number of TNF-α (+) immunoreactivity
was calculated using the ×40 objective in 100 different field in the cerebral cortex and hippocampus. *p < 0.05 different from Control, Sham, OKA+ JWH-133
groups. Data expressed as mean ± SD (n=10).
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Morris Water Maze is a test used in AD studies to assess the cog-
nitive functions in rodents [13] In our study, icv OKA implementation
impaired spatial memory formation. In the OKA group, escape latency
times and path length decreased significantly on day 4 compared to day
1 only. In the probe trial test, the time spent in the target quadrant in
the OKA group was significantly lower than in the control and sham
groups. At the same time, the swimming speed in the OKA group in-
creased significantly compared to the control and sham group. The
JWH-133 application reversed the impairment in spatial memory for-
mation. In the JWH-133 group, escape latency times, path length, as in
the control group, decreased significantly on days 2, 3, and 4 compared
to day 1. The time spent in the target quadrant increased significantly in
the JWH-133 group compared to the OKA group. The JWH-133 appli-
cation significantly reduced swimming speed significantly compared to
the OKA group. Swimming speed is an anxiety indicator in Morris water
maze test [29].

Neuroinflammation is associated with neurodegenerative diseases
such as Alzheimer's disease, multiple sclerosis, Parkinson's disease, and
amyotrophic lateral sclerosis. Clinical and experimental studies have
been reported to increase the production of cytokines such as TNF-α, IL-
1β in the brains of Alzheimer's patients. Astrocytes as microglial cells,
are also proinflammatory cytokine-releasing cells. Neuroinflammation

is a process that increases neuronal damage more [42].
Caspase-3 is a mediator that plays a key role in neuronal apoptosis.

The signal cascade, which is caused by caspase-3 activity in many
neurodegenerative diseases such as AD, has been shown to be asso-
ciated with neuronal damage [12,34].

Aβ accumulation is the cause of neurotic plaque formation, which is
characteristic of AD pathology. As Aβ accumulation in AD causes tau
phosphorylation, tau phosphorylation also causes Aβ accumulation
[20].

In our study, OKA administration increased the immunoreactivity of
TNF-α, IL-1β, caspase-3, Aβ and p-tau (ser396) in the cortex and hip-
pocampus. This suggests that neurodegeneration develops as stated in
the literature above. JWH-133 administration in animals reduced
proinflammatory cytokine, caspase-3, Aβ and p-tau (ser396) levels in
the cortex and hippocampus. JWH-133 can help protect the spatial
memory of animals by reducing neurodegeneration in animals. These
results suggest that CB2 receptor agonist JWH-133 has therapeutic
potential in sporadic AD.

Increased levels of TNF-α, IL-1β, p-tau, Aβ occurring in AD may be
both a cause and result of pathological changes because neuroin-
flammation may cause an increase in Aβ and p-tau levels. Increasing
levels of Aβ and p-tau may also cause neuroinflammation [42]. There is

Fig. 9. The application of JWH-133 reduced IL-1β immunoreactivity, which was increased due to OKA, in the hippocampus and cortex regions (I). Cerebral cortex:
Control (A), Sham (B), OKA (C) and OKA+ JWH-133 (D) groups IL-1β (+) immunoreactivity are observed in cerebral cortex (arrows) IL-1β×40. Hippocampus:
Control (E), Sham (F), OKA (G) and OKA+JWH-133 (H) IL-1β (+) immunoreactivity are observed in hippocampus (arrows) IL-1β×40. The number of IL-1β (+)
immunoreactivity was calculated using the ×40 objective in 100 different field in the cerebral cortex and hippocampus. *p < 0.05 different from Control, Sham,
OKA+JWH-133 groups. Data expressed as mean ± SD (n=10).
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a similar relationship between Aβ and tau hyperphosphorylation. The
increase in Aβ levels causes tau hyperphosphorylation. At the same
time, increased tau hyperphosphorylation leads to an increase in Aβ
levels [14]. In our study, the JWH-133 administration decreased
proinflammatory cytokine, Aβ and p-tau (ser396) levels. We thought
that the reductions in these parameters affected each other and thus
reduced neurodegeneration.

5. Conclusions

Despite all the advances in the field of medicine, no definitive
treatment of AD was found. The treatments applied are mostly treat-
ments to slow the progression of the disease and its symptoms [33]. In
this study, we found that JWH-133 decreased the levels of Aβ and p-tau
(ser396), which were increased with OKA administration. JWH-133
alleviated the inflammatory response caused by OKA by reducing IL-1β
and TNF-α levels. It also reduced caspase-3 levels, which activated
neuronal apoptosis. The JWH-133 application improves impairment in
the formation of spatial memory caused by the OKA effect. The CB2
receptor agonist JWH-133 may be a novel therapeutic agent for neu-
rodegenerative diseases such as AD associated with tau hyperpho-
sphorylation; however, further studies are needed on the subject.
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