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Aims: Cannabinoid 1(CB1) receptors are closely correlated to the dopaminergic system and involved in cognitive
function. Since statins have been used to regulate the progression of Parkinson's disease (PD) via its anti-
inflammation and neuroprotective effects, we asked if statins affect the CB1 receptors in the 6-
hydroxydopamine (6-OHDA) lesioned rat.
Methods: The PD rat model was established by injecting 6-OHDA into the unilateral medial forebrain bundle;
while rats were orally pre-treated with simvastatin (1 or 10 mg/kg/day), or saline for 5 days before surgery,
and the same treatments for each group were continued for 3 weeks post-surgery. [3H] SR141716A binding au-
toradiography was adopted to investigate the alterations in CB1 receptor density in the brains.
Findings: The 6-OHDA induced a remarkable downregulation of CB1 receptor density in the prefrontal cortex,
caudate putamen, nucleus accumbens, cingulate cortex, hippocampus, and substantia nigra; while simvastatin
(10 mg/kg/day) significantly ameliorated this downregulation in those regions. Furthermore, simvastatin
(1 mg/kg/day) reversed the 6-OHDA-induced downregulation of CB1 receptors in the substantia nigra and hip-
pocampus. Simvastatin showed minimal changes in [3H] SR141716A binding in the examined regions in sham
rats, but did reveal a significant down-regulation of binding density within the striatum, prefrontal cortex and
substantia nigra.
Significance: Alterations in the [3H] SR141716A binding in the examined brain areas may represent the specific
regions that mediate motor and cognitive dysfunctions in PD via the endocannabinoid system. Our data suggest
a critical role of CB1 receptors in treating PD with simvastatin, and implicate CB1 receptors as a potential thera-
peutic target in the treatment of PD.
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1. Introduction

Statins are a hypolipidemic group of drugs that inhibit the rate-
limiting enzyme of cholesterol biosynthesis, 3-hydroxy-3-
methylglutary-CoA (HMG-CoA) reductase. Due to their cholesterol low-
ering capability, statins have been a viable option in the treatment of
heart diseases, cerebral ischemia, and neurodegenerative diseases [30,
63]. As statins suppress HMG-CoA reductase, this actively inhibits
other signalling pathways downstream including isoprenoid intermedi-
ates, geranylgeranyl pyrophosphate (GGPP) or farnesyl pyrophosphate
(FPP) [52]. Suppression of these intermediates would in turn function-
ally de-activate theGTPases like Rho, Rac and cdc42which act asmolec-
ular switches for various mechanisms. These include lowering
cholesterol, suppression of intracellular adhesion molecule-1 (ICAM-
1), anti-inflammatory responses, reduction of β-amyloid production,
regulation of serum apolipoprotein E levels, anti-thrombotic effects,
modification of cognition-related receptors, and augmentation of endo-
thelial nitric oxide synthase (eNOS) [33,37,49,52,57]. More specifically,
by attenuating the biological effects of pro-inflammatory mediators
such as microglia and cytokines which are known to have a substantial
role in neurodegenerative diseases such as Parkinson's disease and
stroke, statins have been identified as a potential therapeutic agent [1,
5,11,32,57].

Our previous studies have documented statins' effects in a parkinso-
nian rat model induced by 6-hydroxydopamine (6-OHDA), which is a
broadly used PD model. Our results revealed the expression of dopa-
mine D1 and D2 receptors in the prefrontal cortex was down-
regulated in 6-OHDA-injected rats relative to controls, however simva-
statin treatment restored the expression of both dopamine receptors to-
wards control levels [55]. Although, our group among others have
examinedhow statins affect thedopaminergic system in PD, few studies
have looked into whether statins treatment could alleviate the dysfunc-
tions of other key receptors that are altered during PD progression. Fur-
thermore, a better understanding of how those receptorsmalfunction in
PD may provide more valuable insight into how the symptoms of PD
arise.

Cannabinoid receptor type 1 (CB1) is part of the endocannabinoid
system and mainly involved in neurotransmission regulation in many
brain regions including the basal ganglia through their abundant
expression on GABAergic and glutamatergic synapses [45]. CB1
receptors are primarily located on the pre-synaptic terminals and a
part of a retrograde signalling system that becomes activated by the
endocannabinoids, anandamide or 2-arachydonoil glycerol (2AG).
Though dopaminergic neurons are not in direct contact with CB1 recep-
tors, interactions between the cannabinoid and dopaminergic system
have been found through the G protein/adenylyl cyclase signal trans-
duction mechanisms shared by both CB1 and D1/D2 dopaminergic re-
ceptors [12] and the co-localization of CB1 and D1/D2 receptors in
striatal neurons [35]. Dopamine can even enhance the release of
endocannabinoids from neuronal somas and dendrites, inducing retro-
grade signalling pathway of CB1 receptors [13,24,34].

With the abundance of CB1 receptors in the basal ganglia and their
interactions with multiple neurotransmitters involved in motor or anx-
iety function, it has been identified that CB1 receptors are significantly
altered in various neurological disorders, such as in Parkinson's disease
and schizophrenia [4,31]. This studywill follow our previous studywith
chronic simvastatin treatment in 6-OHDA lesioned rats, and investigate
how the CB1 receptors are affected following 6-OHDA and simvastatin
treatments.

2. Results

This study showed CB1 binding was extensively distributed
throughout the brain with a very low background binding. The stron-
gest [3H] SR141716A binding was observed in the cortical areas, stria-
tum, and limbic regions such as the nucleus accumbens (NAc),

cingulate cortex (Cg), hippocampus, and substantia nigra (SN). Compar-
isons were made between the sham and treatment groups.

2.1. Prefrontal cortex (Pfc)

The binding density in the prefrontal cortex revealed significant ef-
fects of simvastatin treatment (F2, 69 =4.493, p b 0.05) and 6-OHDA le-
sion (F1, 69=29.767, p b 0.001), as well as an interaction between these
factors (F2, 69 = 19.086, p b 0.001). Compared to the sham group, post
hoc comparisons revealed that [3H] SR141716Abindingdensitywas sig-
nificantly down-regulated in the 6-OHDA treated rats (31%, p b 0.001
Fig. 2), and in sham rats with high simvastatin treatment (10%,
p b 0.001). The 6-OHDA-lesioned rats treatedwith 10mg/kg/day of sim-
vastatin revealed a significant elevation in thebinding levelswhen com-
pared to rats with 6-OHDA lesion alone (41%, p b 0.05, Figs. 2 and 3).
Simvastatin treatment with 1 mg/kg/day in 6-OHDA rats did not signif-
icantly alter their binding level density when compared to just 6-OHDA
lesioned rats.

2.2. Striatum (Cpu)

The binding density in the striatum revealed significant effects of
simvastatin treatment only within the Cpudl (F2, 71 = 4.306, p b 0.05)
and a trend towards significance in the Cpum (F2, 71 = 3.028, p =
0.055).

In regards to the 6-OHDA lesion, all regions of the striatum revealed
a significant difference (p b 0.05). The interaction between the two fac-
tors revealed a significant effect within the Cpum (F2, 71 = 4.008,
p b 0.05), Cpuvl (F2, 71 = 13.241, p b 0.001), (F2, 71 = 7.245, p b 0.001)
and a trend towards significant difference in the Cpudl (F2, 71 = 2.973,
p = 0.058). Compared to the sham group, post hoc comparisons re-
vealed that the [3H] SR141716A binding levels were significantly
down-regulated in the rats with only 6-OHDA lesion in all regions of
the striatum (p b 0.05, Figs. 2 and 3). The 6-OHDA-lesioned rats treated
with 10 mg/kg/day of simvastatin showed a significant elevation in all
the stratum binding densities when compared to rats with 6-OHDA le-
sion alone (p b 0.05). No significant difference was observed with 6-
OHDA treated rats with 1 mg/kg/day of simvastatin when compared
to 6-OHDA lesioned rats alone.

2.3. Nucleus accumbens (NAc)

The binding density of the nucleus accumbens did not show any sig-
nificant changes after the treatment (F2, 71=2.405, p N 0.05). However,
there were significant changes with lesioning (F1, 71 = 6.356, p b 0.05)
and interactions between these factors (F2, 71 =8.802, p b 0.001). Com-
pared to the sham group, post hoc comparisons analysis revealed that
[3H] SR141716A binding levels were significantly lower in rats with
only 6-OHDA lesion (14%, p b 0.05, Figs. 2 and 3). The 6-OHDA-lesioned
rats treated with 10mg/kg/day of simvastatin revealed a significant ele-
vation in this binding level when compared to rats with 6-OHDA lesion
alone (23%, p b 0.001, Figs. 2 and 3). No significant difference was ob-
served with 6-OHDA treated rats with 1 mg/kg/day of simvastatin
when compared to 6-OHDA lesioned rats alone.

2.4. Cingulate cortex (Cg)

Significant effects of treatment on binding levels in the cingulate cor-
tex were revealed (F1, 71 = 4.364, p b 0.05) and lesion (F2, 71 = 16.608,
p b 0.001), as well as significant interactions between these factors (F2,
71=6.997, p b 0.005). Relative to the shamgroup, post hoc comparisons
revealed that the [3H] SR141716A binding levels were significantly
down-regulated in the 6-OHDA lesioned rats (25%, p b 0.001; Figs. 2
and 3). The 6-OHDA-lesioned rats treated with 10 mg/kg/day of simva-
statin revealed a significant elevation in the binding levels when com-
pared to rats with 6-OHDA lesion alone (26%, p b 0.001, Figs. 2 and 3).
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