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Abstract

Background: A number of neuroimaging studies on human addicts have revealed that abuse of
Methamphetamine (METH) can induce neurodegenerative changes in various brain regions like the cerebral
cortex and cerebellum. Although the underlying mechanisms of METH-induced neurotoxicity have been
studied, the cellular and molecular mechanisms of METH-induced neurotoxicity remain to be clarified.
Previous studies implicated that cannabinoid type 1 receptors (CB1Rs) exert neuroprotective effects on
several models of cerebral toxicity, but their role in METH-induced neurotoxicity has been rarely
investigated. Moreover, the cerebellum was considered as a potential target to evaluate the effects of
cannabinoids on locomotion activity as the CB1Rs are most widely distributed in the molecular layer of
cerebellum. Therefore, the present study was carried out to evaluate whether neurodegeneration induced in
the cerebellum tissue implicated in locomotion deficit induced by METH.

Methods: In the current study, open field test was used to examine locomotor activity. Using hematoxylin and
eosin (H&E) staining, morphology of the cerebellar vermis was investigated after repeated exposure to
METH. Then, the effects of CB1Rs antagonist [SR17141A, 10 mg/kg, intraperitoneally (IP)] and CB1Rs
agonist [WIN55, 212-2 (WIN), 3 mg/kg] against METH-induced neurodegeneration and locomotor deficit
were assessed.

Findings: The results of the present study demonstrated that repeated exposure to METH increased
cerebellar degeneration level as compared to the saline and dimethyl sulfoxide (DMSO) groups. In addition,
METH-treated rats showed hyperactivity as compared to the saline and DMSO groups. Pretreatment with
WIN significantly attenuated neurodegeneration and hyperactivity induced by METH.

Conclusion: The findings of this study provided evidence that CB1Rs may serve as a therapeutic strategy for
attenuation of METH-induced locomotor deficits.
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CB1Rs and METH-Induced Deficits

Introduction

Methamphetamine (METH) is an illegal
psychostimulant with high addictive potential
consumed worldwide.! The use of METH is a
growing public health problem due to its
association with neuropsychiatric disorders and
sever health complications.2 METH is the second
extensively abused drug following cannabinoids?
that is abused by 25 million individuals around
the world.2 Several lines of evidence suggest that
METH abuse causes neurodegenerative changes
in the human brain* It has been shown that
METH induces excessive release of dopamine
(DA), subsequently causing depletion of
dopamine in various brain regions including the
cerebellum, basal ganglia, and other regions
involved in motor activity.>¢ Clinical and basic
studies indicate that METH-induced changes in
dopaminergic system have been associated with
locomotor deficit among rodents.>¢

These locomotor complications might be
somewhat related to drug-induced neurotoxic
effects, which include damage to the serotonergic
and dopaminergic terminals and also neuronal
apoptosis in regions involved in motor activity of
the brain.6” The cerebellum constitutes functional
loop pathways with various brain regions
involved in addiction including prefrontal cortex
(PFC), basal ganglia, and limbic system. In
addition, the vermis of the cerebellum connects to
dopaminergic neurons in the ventral tegmental
area (VIA) and substantia nigra.® Moreover,
dopaminergic neurons from the VTA projected to
the vermis, forming a reciprocal midbrain-
cerebellar circuit.® All of these anatomical findings
indicated the cerebellum involvement in
functional networks affected by METH.
Furthermore, evidence has indicated that
endocannabinoids (ECBs) are involved in
signaling mechanisms in several brain regions
related to motor activity.

Cannabinoid receptors (CBRs) are observed
throughout the central nervous system (CNS),
particularly high densities in the cerebellum and
basal ganglia® and most of the neuropsychological
actions of ECBs can be mediated through the CB1
receptors  (CB1Rs).1 Indeed, cannabinoids
influence  both  motor and  cognitive
performances.’12 In addition, there is reciprocal
regulation between the ECBs and dopaminergic
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systems that indicated neuroprotective action of
cannabinoids in locomotor defects.

Evidence highlights the key role of the
cerebellum in drug dependency and suggests that
the cerebellum may be intertwined with brain
processes involved in drug abuse. In addition, the
presence of high density CBRs on the axons and
terminals of the glutamatergic granule cells of the
cerebellum suggests a modulatory role for the
cerebellum in motor activities.’®* The exact
mechanisms  involved in  METH-induced
neurotoxicity and also the role of CBRs on such
impairments have mnot been fully clarified.
Therefore, the researchers in this study aimed to
investigate the capability of activation of CBRs to
augment destructive effects of METH on
locomotor activity and also neurodegeneration
and possible ameliorative impacts of antagonism
of CB1R.

Methods

In the current study, male Wistar rats with a
weight of 130-150 g at the beginning of the
training were used. The animals were housed in a
temperature-controlled room with a temperature
of 23 + 1 °C that was maintained on a standard
12-hour light/12-hour dark cycle with food and
water available. In addition, the animals were
allowed to adapt to the laboratory conditions for
at least 1 week before experiments and were
handled for 5 minutes per day during this
adaptation period. The experiments were carried
out between 800 AM and 16.00 PM The
experimental protocol was approved by the
research and ethics committee of the Faculty of
Science, Kerman University of Medical Sciences,
Kerman, Iran.

METH hydrochloride was purchased from
Sigma Aldrich (St Louis, MO, USA) and dissolved
in 0.9% saline solution (5 mg/kg). SR141716A
[N-piperidino-5-(4-chlorophenyl)-1-(2,4-
dichlorophenyl)-4-methylpyrazole-3-carboxamide
hydrochloride] (10 mg/kg)'>® was purchased
from Tocris (Cookson, UK) and was dissolved in a
mixture of sterile saline and dimethyl sulfoxide
(DMSO, 9:1 v/v). WIN 55212-2 (10-de]-1,4-
benzoxazin-6-yl]-1-naphtalenylmethanone)
mesylate (3 mg/kg). All injections were given
intraperitoneally (IP). Fresh solutions of all drugs
were prepared in an injection volume of 1 ml/kg
prior to the experiments.
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The animals were randomly divided into
7 groups (n = 11, in each group): Saline, DMSO,
WIN55, 212-2, SR141716A, METH, METH +
WINS55, 212-2, and METH + SR141716A. In the
Saline, DMSO, and METH groups, animals
received saline (0.5 ml/rat) and 30 minutes after
received saline or DMSO (0.5 ml/rat) or METH
(5 mg/kg) once daily for 3 days. In the WIN55
and 212-2 group, the rats received CB1Rs agonist
(WINS55, 212-2, 3 mg/kg). In SR141716A group,
the animals received CB1R antagonist
(SR141716A, 10 mg/kg) 30 minutes before saline
administration once daily for 3 days. The animals
in the METH + WIN55 and 212-2 group received
WINS5 3 mg/kg 30 minutes before METH
administration. Finally in the METH + SR141716
A group, the rats received SR141716A 10 mg/kg
30 minutes before METH administration. All
injections were given IP.

The locomotion activity of rats were recorded
automatically and then analyzed using Ethovision
(version 7, Noldus Information Technology).
The apparatus consisted of a square arena
(90 x 90 % 30 cm?) made of Plexiglas, and its floor
was divided into 16 squares by lines, allowing the
definition of central and peripheral areas. At the
beginning of the trial, each rat was put in the
center of the arena and its activity was recorded
for 5 minutes, and the following behavioral
parameters were then scored: total distance
moved (cm), total duration of mobility (s),
immobility (s), and rate of rearing. At the end of
each trial, the experimental chamber was
thoroughly cleaned.!”18

The association of changes of locomotion
activity following repeated exposure to METH
alone or in combination with CBIR agonist and
antagonist with neurodegeneration induced in
cerebellum tissue was evaluated in the present
study. 24 hours after last treatment, the animals
were deeply anaesthetized under diethyl ether
and their brains were quickly removed and
vermis of cerebellum was rapidly separated on an
ice-cold, fixed in 10% formalin and dehydrated. A
cortical coronal slice containing the vermis of
cerebellum was embedded in paraffin, serially
sectioned (4 pm), and then dewaxed. The slides
were dewaxed and boiled (in a 600 W microwave
oven) at 120 °C for 10 minutes. The slides were
incubated at room temperature for 20 minutes
and then washed in phosphate-buffered saline
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(PBS), exposed to hydrogen peroxide 0.03%, and
washed in PBS.? Tissue blocks were stained with
hematoxylin and eosin (H&E) to observe the
cerebellum tissue morphology.”® Random 10
visions were chosen for each section. Tissue
sections were observed by light microscope
(Olympus CX31) connected to a camera. All the
fields of interest were counted in each section at a
magnification of 400X, giving 2 to 4 x 104 cells per
section.?0

Statistical analysis was performed using the
GraphPad Prism 6. Data analysis using Kruskal-
Wallis test indicated an abnormal distribution and
expressed as median and interquartile range.
P < 0.050 was considered statistically significant
(n = 11 in each group, data were expressed as
mean + SEM).

Results

In the present study, open-field test was
conducted to examine the effect of METH alone or
in combination with CBIRs agonist/CBIR
antagonist on locomotor activity. Horizontal
motor activity and vertical activity were
expressed as total distance moved and rearing
response rate, respectively. Total distance moved
and rearing response rate among the animals that
received METH significantly increased compared
to the saline and DMSO groups. Pretreatment
with CB1Rs agonist significantly decreased the
METH-induced hyperactivity. Pretreatment with
CBIRs antagonist had no effect on METH-
induced hyperactivity as compared to the METH.
Administration of the same doses of CBIRs
agonist and antagonist alone had no effect on
locomotor activity (Figure 1, A and B). There was
no significant difference in mobility duration
among the 7 groups (Figure 1, C). Administration
of the same doses of CB1Rs agonist and antagonist
alone had no effect on total distance moved,
rearing response rate, and mobility duration.

Moreover, the possible role of WIN 55, 212-2,
and SR  141716A in  METH-induced
neurodegeneration was investigated. The study
results indicated that repeated exposure to METH
significantly increased neurodegeneration in the
vermis of cerebellum. METH in combination with
CBIRs agonist (WIN55, 3 mg/kg) 30 minutes
before METH administration once daily for
3 days significantly decreased METH-induced
neurodegeneration.
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Figure 1. Effect of repeated exposure to Methamphetamine (METH) alone or in combination with cannabinoid type
1 receptor (CB1R) agonist and antagonist on locomotor activity in open field test. Total distance moved (A),
rearing response rate (B) and mobility duration (C).

‘P < 0.001 indicated significant difference from the saline, P < 0.001 significant difference from the vehicle treated group, and
*P < 0.001 significant difference from the WIN, SR and WIN + METH treated groups. [WIN 55, 212-2 (WIN), SR141716A (SR) and
Methamphetamine (METH), n = 11 in each group, data were expressed as mean + SEM].

Administration of CB1Rs antagonist Administration of the same doses of CBIRs agonist
(SR141716A, 10 mg/kg) in combination with METH and antagonist alone had mno effect on
had no effect on METH-neurodegeneration. neurodegeneration (Figure 2, A).
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Figure 2. The percentage of um of rats that repeated exposure to Methamphetamine
(METH) alone or in combination with cannabinoid type 1 receptor (CB1R) agonist [WIN55, 212-2 (WIN)] and antagonist
[SR17141A (SR)]. Data describing percentage of degeneration level were not normally distributed, hence were represented
as medians with interquartile ranges as a box and maxima/minima as whiskers. (B) represents histological images of neurons
from the cerebellar cortex after repeated exposure to METH alone or in combination with CB1R agonist and antagonist. Most
neurons from the cerebellum of Saline, DMSO, WIN, and SR-treated rats have normal morphology, however, several
degenerated cells can be seen for the METH-treated groups. All the fields of interest were counted in each section at a
maghnification of 200X in SR group and 400X in other groups, giving 2 to 4 x 104 cells per section.

"P < 0.001 indicated significant difference from the saline, *#P < 0.001 significant difference from the vehicle treated group, and
¥¥¥P < 0.001 significant difference from the METH+WIN treated group.
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Figure 2B has vividly illustrated histological
images of neurons from the cerebellar cortex after
repeated exposure to METH alone or in
combination with CBIR agonist and antagonist.
Most neurons from the cerebellum of saline, DMSO,
WIN, and SR-treated rats had normal morphology,
however for the METH-treated groups, several
degenerated cells could be seen (Figure 2, B).

Discussion

The present study showed that repeated exposure
to METH significantly increased locomotor
activity and caused hyperactivity. The study
results appeared to approve some previous
findings. Similarly, Mendieta et al. have reviewed
METH induced hyperlocomotion among rats.?! In
contrast to the present results, findings of some
previous studies like Curtin et al. have shown that
a high dose of METH (30 mg/kg) among mice
attenuated locomotor activity in open field test.5
Although the neural mechanisms of METH
neurotoxicity have yet to be identified, studies
have suggested that functional long-lasting
alteration in the neurons of cerebellum can be
linked with movement impairments.2223

Pretreatment with CBI1Rs agonist (WIN 55,
212-2) significantly decreased hyperactivity and
METH-induced locomotion impairments while
CBIR antagonist had no effect on motor
impairments induced by METH. In contrast with
the results of the present study, DeSanty and Dar
reported that intracerebellar injection of CBIR
agonist (CP55,940) cause motor incoordination
and intracerebral injection of SR141716A nearly
eliminated the motor incoordination elicited by
CP55,940.2* These controversies are probably due
to different factors affecting METH-neurotoxicity
including, dose of drug injected, route and
interval between injection and length of exposure
to drugs.

The present study also showed that repeated
exposure to METH and pretreatment with CB1Rs
agonist significantly increased and decreased
METH-induced neurodegeneration, respectively.
Growing bodies of evidence have shown that
METH can induce alterations on dopaminergic
system markers.??> Curtin et al. reported that
METH-induced changes in dopaminergic system
have been associated with locomotor impairment
among rodents.> METH-induced changes in
dopamine level might influence GABAergic and
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glutamatergic transmission down-stream and
induce motor activity deficits.?> Moreover, it was
shown that METH can cause deleterious effects to
brain structures like the cortex, that has very little
dopaminergic innervation.?> METH is a cationic
lipophilic molecule that can diffuse into
mitochondria and be sustained by mitochondria?
and mitochondrial damage can contribute to
METH-neurodegeneration.” METH neurotoxicity
may cause via increase in extracellular glutamate
and activation of N-methyl-D-aspartate (NMDA)
receptors.? METH has been shown to cause
disruption of blood brain barrier (BBB) at the
levels of the cortex and cerebellum.?

Recent studies have shown microglial
activation as an early event in the neurotoxicity
cascade that was initiated by METH. Specifically,
METH causes strong microglial response in the
areas of the brain showing dopaminergic
degeneration.? Microglial activation is essential
for neuron survival, however, excessive activation
of microglia cause secretion of several cytokine,
reactive oxygen, and nitrogen species and
prostaglandins (PG) that well result in
neurodegeneration.®® In addition, microglial cells
might potentiate METH-neurodegeneration via
release of superoxide radicals and NO.3
Generally, several lines of evidence demonstrated
that several factors, including excitotoxicity,
inflammatory responses, hyperthermia, oxidative
stress, and mitochondrial dysfunction mediate
dopaminergic  degeneration and apoptosis
induced by METH 4

The present study also showed that
pretreatment with CB1Rs agonist significantly
decreased METH-induced neurodegeneration and
hyperactivity. Neuroprotective mechanism of
ECBs may include the ability of ECBs to inhibit
the release of the excitatory neurotransmitter,
glutamate. It is well known that ECBs inhibit the
release of glutamate via triggering the signaling
pathways of presynaptic CBIR.32 Some
cannabinoid agonists have been reported to have
various effects on other receptors compared to
CBRs (e.g. dopamine receptors), therefore the co-
localization and close relationship between
cannabinoid and dopamine receptors seemed to
contribute greatly to the protective effects of the
CBRs agonists against the METH-induced
toxicity.®® Other neuroprotective mechanisms of
cannabinoids include attenuated oxidative
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damage by acting as scavengers of reactive
oxygen species and enhancing endogenous
antioxidant defenses.?> In overall, these findings
suggested that the ECBs modulated neurotoxicity
properties of METH and could attenuated METH-
toxicity through activation of CBIR that interact
with dopaminergic and glutamatergic systems.343

Conclusion

Although precise mechanisms of METH induced
neurotoxicity have not been yet fully elucidated,
the current study was an attempt to investigate the
probable interaction of endocannabinoid receptors
(ECBRs) and METH in pathophysiology of METH
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