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Abstract: Problem statement: The 3-Hydroxy-3-Methylglutaryl-CoA (HMG-CoA) redtase inhibitors
(statins) have been unequivocally shown to redacdiavascular morbidity and mortality by their tipi
lowering actions. It has been suggested that stapipear to have therapeutic benefits in disehaesite
unrelated to elevated serum cholesterol levels. ditve of this study was to evaluation the effect of
intraperitoneally injection of different doses dfapastatin on PTZ-induced seizure threshold inemic
Approach: Mice were divided into 9 groups randomly: thetfgsoup received saline normal (ip) (control
group); the second group received Carboxymethylosé (CMC) 0.5% (ip) (vehicle group) and the next
groups received respectively different doses afvpistatin (1, 5, 10, 20, 40, 80 and 100 mg kg dhilyr 4
days (ip) before determination of seizure threslitiliced by PTZResults: Results showed that PTZ-
induced seizure threshold in control mice was 3848 mg kg. Intraperitoneal injection of pitavastatin
showed significant (p<0.05) increase of PTZ-indusetture threshold in a dose dependently manner.
Conclusion: According to our results, pitavastatin has antiatsant effects on mice. Nevertheless, new
studies must be carried out in order to deternfiadeneficial effects of statins in treatment dlieggy.

Key words: Threshold, Franeyltransferase Inhibitor (FTI), méogical diseases, PTZ-induced
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INTRODUCTION dysfunction, anti-thrombosis and anti-oxidant ats$io
prevention of Alzheimer's disease and antineoplasic
Epilepsy is one of the major neurological diseasesctions (Goncalvest al., 2011). Statins might exert
in humans and about one percent of the populaton ibeneficial effects beyond cholesterol reductiomjude
involved.  The  3-Hydroxy-3-Methylglutaryl-CoA improving endothelial function, decreasing vascular
(HMG-CoA) reductase inhibitors (statins) have beeninflammation, inhibiting smooth-muscle proliferatio
unequivocally shown to reduce cardiovascularand immunomodulation. Most of these effects are
morbidity and mortality (NIH, 1994). Statins are mediated through inhibition of isoprenoid synthesigh
among the most widely used prescription drugs andubsequent effects on multiple downstream signaling
exert their lipid-lowering actions by reversibledan pathways (Wangt al., 2008). Also statins might exert
competitive inhibition of the enzyme 3-hydroxy-3- beneficial neuroprotective effects in various ardima
methyl-glutaryl-CoA reductase (HMG-CoA disease models and clinical studies (Rangekl.,
reductase), the rate-limiting step in the conversd  2005). Furthermore, recent studies have shown that
3-Hydroxy-3-Methylglutaryl-coenzyme A (HMG- statins reduces the extent of brain damage after
CoA) to mevalonate, a precursor of cholesterolischemic insult (Sironét al., 2003). Therefore the aim
(McTaggartet al., 2001). It has been suggested thatof this study was to evaluation the effect of
statins appear to have therapeutic benefits inadise intraperitoneally injection of different doses of
that are unrelated to elevated serum cholestergbitavastatin on PTZ-induced seizure threshold ioemi
levels, such as rheumatologic diseases and ischemic
stroke (McCareet al., 2004). Statins are also known MATERIALSAND METHODS
for their pleiotropic effects, which are independenh
their lipid-lowering properties. Among the effead$  Animals: Experiments were performed on 22-25 g
statins, the most relevant are anti atherosclerati@  adult NMRI male mice in their 8-9 week (n = 8 fach
anti-inflammatory actions, improvement of endotakli group), purchased from Razi Institute (Iran). Anlisna
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were housed 8 per cage in the Animal House of
Veterinary Faculty of Tabriz Branch, Islamic Azad
University in a temperature (20-22°C) and humidity
(50+£10%) controlled environment under a 12-h light
dark™ cycle (lights on at 7 am). Food and water were
available ad libitum. This study was performed in
accordance with the Guide for the Care and Use of
Laboratory Animals of Research affairs of Tabriz
University of Medical Sciences, Tabriz-Iran. Alfefts
were made to minimize the number of animals which
were used and their suffering degree. Animals were

divided into 9 groups randomly: the first groupe®ed  Fig. 1: PTZ-induced seizure threshold in mice (rgy/k
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saline normal (ip) (control group); the second grou Effect of intraperitoneally injection of different
received Carboxymethylicellulose (CMC) 0.5% (ip) doses of pitavastatin on seizure threshold. Each
(vehicle group) and the next groups received column represents meant SEM of 8 mice.
respectively different doses of pitavastatin (11®, 20, *P<0.05, *P<0.01 and **P<0.001 compared
40, 80 and 100 mg kg daily for 4 days (ip) before with control and vehicle groups

PTZ-induced seizure threshold.

Chemicals. PTZ (Pentylenetetrazole) was purchased DISCUSSION

from Sigma-Aldrich. Pitavastatin was provided from Pentylenetetrazole (PTZ) has been used widely to
Kowa Pharmaceuticals. All other reagents were Obroduce the animal model of chemically induced
analytical grade. Pitavastatin was prepared by gbeingeizyre because this model is highly sensitivity fo
dissolved in 0.5% Carboxymethylcellulose (CMC) &ml .o haring  different chemical under standardized
vehicle group was given an equal volume of vehicle. conditions (Shafaroodit al., 2004). In this study PTZ-

induced seizure threshold in control mice was

PTZ-induced clonic seizure threshold: Behavioral _ . o
experiments were done in a quiet, temperature§5'48ﬂ'39 mg kg and pitavastatin increased PTZ-

controlled (20-22°C) room between 10 am and 4 pm|_nduced seizure threshold in a dose dependently
anner. Anti-nociceptive and anti-inflammatory ette

PTZ-induced clonic seizure threshold was determined” . S )
by inserting a 30-gauge needle into the tail vdimize of statins have been shown in different experimenta

and infusion of 0.5% PTZ solution at a constané Kt animal models of pain and inflammatory and clinical
1 ml/min to unrestrained freely moving animals.StUOIIeS (Dantagt al., 2010; Massaret al., 2010; Nezic

Minimal dose of PTZ (mg Kd) needed to induce ?O%Ii')zggf ;s?z;zogﬁe?:lt.s' (2)?cs)tla;1t?/r\1/:|(t)zr1-icri]lremw alr.,
forelimb clonus followed by full clonus of the bodsas ' prepsyvery

recorded as an index of clonic seizure thresholdir’nite.OI (Rangelet al., 2005; Le_eet al., 2008)' Result; .
(Shafaroodét al., 2004). of this study showed that pitavastatin has berafici

neuroprotective effects on PTZ seizure model inemic

Data analysis. Group data are presented as meandhat in agreement with a recent study that repoaied
SEM and analyzed statistically using student fEishe  €ffective neuroprotective action of statins afteregute
course data were analyzed using one-way ANOVAPrain injury and epilepsy (Daimoet al., 2004; Leeet
followed by Tukey's post hoc test. The level for @., 2008; Rangekt al., 2005). Furthermore, recent

statistical significance was set at a p<0.05. studies have shown that lovastatin partially sugged
acute experimental autoimmune Encephalomyelitis
RESULTS (EAE) in rat spinal cord injury model (26). Also,

studies reported that statin treatment provided- ant
PTZ-induced seizure threshold in control mice wasnflammatory effects on human multiple sclerosigl an
35.48+1.39 mg kg. In vehicle group, CMC have not X-linked adrenoleukodystrophy (Natkt al., 2004;
shown significant change on PTZ-induced seizurePaintliaet al., 2005; Pannet al., 2007; Shephere al.,
threshold compared with control group (Fig. 1).1995; Singhet al., 1998; Stanislaust al., 2002; 1999;
Intraperitoneal injection of pitavastatin showed 2001; Vollmeret al., 2004). Moreover, other research
significant (p<0.05) increase of PTZ-induced seszur groups have reported the similar neuroprotectile 0b
threshold in a dose dependently manner compardd witstatins in other neurological disease models, sagh
control and vehicle groups (Fig. 1). traumatic brain injury, brain ischemia and Alzheitse
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disease (Endrest al., 1998; Kirschet al., 2003; Luet  thus, their biological roles are expected to be iated

al., 2004). Rangelet al. (2005) demonstrated that by their inhibitory roles in cholesterol and isopoe
lovastatin treatment was able to prevent hippocampasynthesis. Indeed, the inhibitory role of statins i
neuronal loss in CAl subfield after an epileptisult  cholesterol biosynthesis previously reported tobith
(Rangelet al., 2005). The molecular mechanisms of theNMDA mediated excitotoxicity in vitro neuron cultir
anticonvulsant and immunomodulatory properties ofstudy. Also has been reported that statin treatrént
statins have not been fully clarified. Rangal al.  cultured neuron cells leads to instability of AMPA
(2005) suggested that Reactive Oxygen Species (RO$gceptor by disruption of cholesterol and sphirmdli
are a part of normal human metabolism; howeverywherich membrane microdomains called “Detergent
produced in excess, ROS can cause tissue injurResistant/Insoluble Membrane domains (DRM/DIM)”
including lipid peroxidation, DNA damage and enzymeor “lipid rafts”. Therefore, they had suggestedt ttree
inactivation. ROS is a common denominator amongpossible involvement of cholesterol biosynthesis in
acute neurological conditions, including epilegsythe  statin-mediated anti-excitotoxic activity (Leet al.,
pilocarpine model, there is an involvement o0f2008). At present, whether cholesterol biosynthesis
excitotoxic neuronal injury and ROS production hasplays a role in statin-mediated anti-seizure ant- an
been considered to be a part of mechanisms involveexcitotoxicity in the in vivo animal model is nondwn.
with glutamatergic excitotoxicity in vitro and inve. In the brain, cholesterol has a very long half (i@ to
Moreover, it was demonstrated that lovastatin tnesit ~ several months). Therefore, statins are not exgecte
inhibits free radical injury. Thus, this antioxidagffect = change brain cholesterol level readily. Previouslists

of statins could explain the neuroprotective préper have reported that systemic statin treatment dags n
found in their study (Rangedt al., 2005). Also, they affect cholesterol levels in the brain of guinegspi
had been suggested that there is one classicahargu Nevertheless, previously reported reduction in
supporting a possible role of Nitric Oxide (NO) in cholesterol levels in lipid raft fractions of synagpomal
convulsive phenomena: excitatory amino acids, @&ch plasma membrane suggests that statin treatment may
N-Methyl-D-Aspartate (NMDA) and kainate, are affect intercellular or intracellular distributiorof
known to be potent convulsants and the activatibn ocholesterol which is associated with glutamate ptme
NMDA receptors is accompanied by the formation offunction in induction of status epilepticus and
NO. In fact, the role of NO in epileptogenesis basen  excitotoxicity (Lee et al., 2008). Along with
examined in a number of studies, suggesting being eholesterol, isoprenoids including farnesyl-
proconvulsive endogenous substance. Furthermor@yrophosphate and geranylgeranylpyrophosphate are
some studies have revealed that statins inhibit th&pid byproducts produced by the mevalonate pathway
production of NO in brain parenchyma, indicatingtth and implicated in membrane attachment and funaifon
statins, secondarily, may play the role of ansmall GTPases. Since the small GTPases (i.e., RhoA
anticonvulsant substance, does not promotingand H-Ras) are involved in various neuronal funtio
glutamate-mediated neurotoxicity. Other possibilgy and excitotoxic signaling cascades, statins are als
that the inhibition of brain endothelial Nitric @  expected to exert their anti-seizure and anti-exzitic
Synthase (eNOS) leads to increased blood pressuractivities through inhibition of isoprenoid syntiseand
which, in turn, may affect the excitability of cest interfering with small GTPase signaling. Recentiwo
nervous system; however, it was demonstrated thaeports have demonstrated that inhibition of H-Ras
statins are able to upregulate eNOS, may be piwotal farnesylation by Franeyltransferase Inhibitor (FTI)
enhance cerebral arterial vasodilator responsesteatment inhibits NMDA-mediated excitotoxicity in
decreasing with this, the firing threshold (Rangedl., the rat brain. This report supports that statinsy ma
2005). Also, they had been suggested that antimodulate KA-mediated seizure activity and
inflammatory effects of statins could also conttéoto  excitotoxicity by  down-regulation of H-Ras
neuroprotection after pilocarpine-induced statusisoprenylation. However, whether statins exert rthei
epilepticus. Moreover, several studies have imf@#ida  anti-seizure and anti-excitotoxic roles through
number of cytokines in seizure-related pathology.inhibiting synthesis of isoprenoid or cholesteroboth
Therefore lovastatin treatment may provide anof them is not known at present (Leteal., 2008). Also,
important approach to suppression of the inflammyato Lee et al. (2008) reported that neuroprotective
responses after status epilepticus (Ramgel., 2005). efficacies of statins are mediated by their anti-
In other study, Leet al. (2008) reported that statins are inflammatory activity under various neurological
inhibitors of HMG-CoA reductase, a rate limiting disease conditions such as human multiple scleevgls
enzyme for synthesis of cholesterol and isoprenoidsts animal models, Spinal cord injury, X-linked
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adrenoleukodystrophy, Alzheimer's disease, traumatiEndres, M., U. Laufs, Z. Huang, T. Nakamura and P.

brain injury and stroke. In these studies, statins
cascades and gene

inhibited inflammatory signal
expression through inhibition of isoprenylationsofiall

GTPase (Ras and RhoA). A similar inhibitory role of

Huanget al., 1998. Stroke protection by 3-hydroxy-
3-methylglutaryl (HMG)-CoA reductase inhibitors
mediated by endothelial nitric oxide synthase. Proc
Natl. Acad. Sci., 95: 8880-8885. PMID: 9671773

statins in inflammatory reactions was observed A&+ K Goncalves, D.O., I.B.F. Calou, R.P. Siqueira, A.A.

treated rats. However, they do not expect that the
observed statin-mediated reduction in inflammatory

reactions as well as apoptotic cell death in KAstee
rat is mediated by its own anti-inflammatory adijvi
observed in their previous studies. Since postdseiz

Lopes and L.K.A. Leaét al., 2011. In vivo and in
vitro  anti-inflammatory and anti-nociceptive
activities of lovastatin in rodents. Braz J. Med.
Biol. Res., 44: 173-181. DOIl: 10.1590/S0100-
879X2011007500001

inflammation and leakage of blood-brain barrier areKirsch, C., G.P. Eckert, A.R. Koudinov and W.E.

known to directly correlate with activity and frespcy
of status epilepticus, the decreased status ejgilepby

Muller, 2003. Brain cholesterol, statins and
Alzheimer's Disease. Pharmacopsychiatry, 36:

statin treatment appears to attenuate inflammatory S113-S119. PMID: 14574624

reaction in KA-treated rats (Legt al., 2008). Statins

Lee, J.K., J.S. Won, A.K. Singh and I. Singh, 2008.

have been used to reduce inflammation, tame immune Statin inhibits kainic acid-induced seizure and

cell activation, or arrest

record, some physicians prescribe statin therappda

degenerative processes.
Because of their widespread use and long-termysafet

associated inflammation and hippocampal cell
death. Neurosci. Lett.,, 440: 260-264. DOI:
10.1016/j.neulet.2008.05.112

approved indications. A number of case reportsritesc Lu, D., A. Goussev, J. Chen, P. Pannu and Yetlal.,

the dramatic effects of statins added to standendpies,
but beneficial effects need to be confirmed in e
studies (Dinarello, 2010). Nevertheless,

determine in more detail the beneficial actionstatins
regarding the reduction of epilepsy.

CONCLUSION

According to our results,
anticonvulsant effects on mice. Nevertheless, ne
studies must be carried out in order to determiree t
beneficial effects of statins in treatment of epig
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