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Abstract: This study evaluated the effectiveness of simvastatin m protecting sciatic nerve from i1schemia-
reperfusion (I/R) injury using the model of experimental nerve ischemia. Sixty adult male Sprague-Dawley rats
weighing 250-300 g were used. They were divided into ten groups (N = 6 per group). We used ischemia model
in these groups. All ischemia groups were rendered ischemic for 3 h. Then followed by reperfusion durations
of zero time (0 hR), 3 h (3 hR), 7 days (7 dR), 14 days (14 dR). The treatment group received mntravenous
simvastatin (1 mg kg™") 1 h before ischemia, while the control group received an equal volume of intravencus
vehicle at the same time schedule and route. Behavioral data were obtained immediately before euthanasia. The
score was based on coordimnation, racing reflex, toe spread and reaction to pinch. In sunvastatin treated /R rats
we had mcrease in fimetional recovery. In conclusion, pre-1schemic admimstration of simvastatin exhibits

newroprotective properties in I/R nerve injury.
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INTRODUCTION

Ischemia plays a major role in the development of
pathological alterations m many different neuropathies.
Diabetes mellitus, vascular occlusive diseases, necrotizing
vasculitides and trauma are only a few pathologic
conditions which result in neuropathy associated with
1schemia of peripheral nerves (Kihara et al., 1996). Severe
1schemia to mnerve results in energy rundown
(Zollman et al., 1991) followed by conduction failure
(Schmelzer et al, 1989) and fiber degeneration
(Haruyasu et al., 2003). Reperfusion results in oxidative
mpury to endothelial cells with ensuing endoneurial edema
and augments fiber degeneration (Anderson et al., 1997,
Nagamatsu et al., 1996). Pathological and physiological
effects of anti-oxidants, such as vitamin E, alprostadil,
- lipoic acid and melatomn, have been demonstrated in
reperfusion nerve injury (Hale et al., 2004; Mitsui et al.,
1999h; Abtullah et al, 2004). HMG-CoA reductase
mhibitors (statins) are lipid-lowering drugs that also exert
peliotropic vasculoprotective effects via activation of
the endothelial NO synthesis. Retarding properties of
B-hydroxy-p-methylglutaryl coenzyme A reductase
(HMG-CoA) inlubitors, or statins, in both the coronary
and carotid arterial beds are well established (Carl and
Delanty, 1999). Previous experimental studies of statins in
ischemia-reperfusion injwy have clearly demonstrated
cardio protective (Allan et al., 1999, Honjo et al., 2002)

and newroprotective (Carl and Delanty, 1999) effects
despite unaltered serum cholesterol levels. Experimental
studies have revealed that acute simvastatin therapy
increases the half-life of endothelial NO synthase mRNA
and activates the protein kinase Akt pathway, resulting in
enhanced NO production. The protective effects of NO
have been demonstrated in previous experimental studies
in the heart and other organs (Carl and Delanty, 1999,
Allan et al., 1999; Honjo et al., 2002). Statins preserve
endothelial function and have anti-inflammatory,
antioxidant and antithrombotic effects that may be
neuroprotective  during  cerebral  ischemia and
reperfusion (Carl and Delanty, 1999). Statins may be
newoprotective  through potential antioxidant effects
(Carl and Delanty, 1999). In the general, simvastatin
seems to have several beneficial effects that may
ameliorate damaging outcomes of /R mjury. To date, no
study has  been performed to examine directly
simvastatin possible beneficial effects on I/R of the sciatic
nerve. We investigated the effect of simvastatin in a
sciatic nerve /R model of rats and discuss the possible
cytoprotective  mechamsms of simvastatin - against
ischemic fiber degeneration. The main goal of the present
study was to examine if simvastatin would have protective
effects on peripheral nerves subjected to /R mjury. We
monitor the influence of simvastatin on functional
recovery from a sciatic nerve after ischemia-reperfusion in
adult rat.
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MATERIALS AND METHOD S

211 ardmal s were obtained from experimental research
labioratory of Tehran wniver sity school of medicine Sixty
adult male spraguae-dawley rats welghing 250-300 g were
used. The anim als were acclimatized for 1 week to the
cotudition of ow labhoratory before the commencement of
the expetiment. The animals were expogedto 12 h light
and 12 h datk cyele at aroom temperatore of 22°C. The
amimals had free access to standard laboratory chow and
water ad likitwm. The rats were divided into ten groups
(=46 per grougl). The group 1 received sham swgery
otdy. The group 2 received simvastatin (Shatire dana Co.
Irar) only and four control (Tschemias reperfusion) and
fowr experimerntal simvastatin treatm ent groups. Bats were
anesthetized once intraperitoneally with ketamine HC1
(30 mg kg™ and xylazine (5 mg kg™h (Abtullah of o,
2004y . The anitmals were placed in supine position on a
heated mat during the operation and recovery. Right
fem oral wessels were exposed thr ough an inguinal incision
atwd were dissected free the fem oral nerve under operating
microscope. Seiatic nerve ischemic by occduding the
femoral artery and wein with a silk subwe 6-0 using
sliplenat teched que (H anayasaef al, 20030 for rapid release
atid repetfusion was achieved by release of these
ligatures. In all groups the waseular Hgatire was et oved
after 3 h of ischemia (Saray of &l 2003) and the sciatic
tierve was alowed to reperfuse for zerotime (D HR), 3 h
(3 hE), T days (7 B, 14 days(14 dR) in both the control
and  experimental  simovastatin  treatment  groups
Simvastatitn  was  admindstered in all  experithenta
sitnvastatitn treatment groups  with  oa single dose of
l mg kg™ prior wascular  ligatore wia tail wein (IW)
CAlanefal, 1999 Winnm anef af | 20030, The ardim ol swere
placed wnder heating lamps urtil they recowered from
atiesthesia. Details of the goups in (Table 1. Animoals
were kept under accordance of protocols appeoved by the
institutional arimal care and use commities.

Behavioral score: The function of the limb was scored
with observer blinded to the status of the ratsFig. 1. The
score for each index was based o a scale of 0 (no
functior) to 3.0 (normal functionn. The scare was based
oty gait, racing reflex, toe spread pitich sensitivity. Gait
was scoted from 0 (no function, to 3 (normal fanct o)
with 1 and 2 for wery and dightly impaired fiction,
respectively, Withdrawal from pitch sensivity was scored
either as present (2 or absert (0. Racdngreflex (0= foot
commpletely retmoved to 3 = normal), toe spread with
meanrement foot print length defined. Increasing
function was indicated by larger score. From  the
foregoing a composite score, 0-11, in increasing limb
functicn, was derived (MWited of al., 19994a).

Fig 1:lachemic side different from the countralatral side.
Attertion to position of limb

Table 1: Detaik of groaps, pre- Echemia sk statin (+) administration of
sirmrastatin before ischerrda

Grams Feperfucion tive Iochetria  Pre- kEchernia cimractating
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Statistics: Forskal Wallis test and Dunnls mudtiple
coth patison tests were chosenfor analysi s wariables.

RESULTS

Hone of the animals died during the study Mo
cotnplication was noted in ary of the animals In the
present stady, the behavioral mean rank for groups IFE1
and B2 was 48 .50 although there was no significant
difference between toro groops. The behavioral mean rank
for groups [RS, IR4, IR and IR6 was 1442, 1108, 1058
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Table 2: Experimental paradigm

Groups N Mean rank
1.00 6 48.50
2.00 6 48.50
3.00 6 14.42
4.00 6 11.08
5.00 6 30.58
6.00 6 35.58
7.00 6 933
8.00 6 1517
9.00 6 43.33
10.00 6 48.50
Total 60
Error bars show 95.4% C1 of bars show means
121
T v 1}

g,

E

]

m

47 T T T

Fig. 2: Result of Kurskal-Wallis test and Dunn's multiple
comparison tests for behavioral score. Behavioral
score (y-axis) grade for 3h ischemia followed by
reperfusion durations of zero time(0 hR), 3 h(3 hR),
7 days (7 dR),14 days(14 dR).Half of the groups
(x-ax1s) had experimental simvastatin IV mnjection
treatment viatail vein 1 h before ischemia (7 (O hR),
8 (3 hR), 9 (7 dR), 10 (14 dR)). The other half
experienced only IR as control groups
(3(0hR), 4 (3hR), 5(7 dR), 6 (14 dR)). Group 1 is
normal group without /R and group 2 only
administration simvastatin without I/R. Function
acquired was greater for the simvastatin groups
(7, 8, 9, 10) than nontreated group (3, 4, 5, 6).
Means edema of groups 7, 8, 9, 10, respectively
comparison with groups 3, 4, 5, 6

and 3558 (Table 2). The behavioral mean rank for
treatment groups IR7, IR 8, IR 9 and IR 10 was 9.33,15.77,
43.33 and 48.50, respectively (column).

Animals in the treatment groups showed a better time
course in the recovery. Function was greater for the
simvastatin group than no treated group. The
improvement with simvastatin did not reach statistical
significance in the group ischemia alone (p<0.012) (Fig. 2).

The improvement with simvastatin did not reach statistical
significance m the group (IR 8) compared with control
group (IR4), p<0.012) compared with controls there was
significantly recovery seen as long as 7 days and 14 days
of reperfusion ((IR 9 and IR 10 compared with IR5 and IR6
respectively), (p<0.012). At day 14 motor functions was
recovered to near-normal levels in simvastatin treatment

group.
DISCUSSION

Peripheral nervous system injury resulting from I/R,
however, 13 still a common climcal problem associated
with acute trauma (e.g., replantation, transplantation,
tourmiquet mjury, compartment syndrome, Saturday might
palsy) and Chronic conditions (carpal tunnel syndrome,
tumors, callus, etc.) (Shin et al., 2005). This mjury poses
a challenge because the degree of injury and time course
of recovery vary considerably (Shin ef af., 2005). Effects
of different antioxidant studied in ischemia-reperfusion
peripheral nerve. The improvement with «-lipoic acid
(LA), a potent antioxidant, did not reach statically
significance (Mitsui et al., 199%a). Because satisfactory
functional recovery is the ultimate goal of the treatment of
peripheral nerve injuries, administration of simvastatin has
a potential role in the treatment of nervous system mjury.
Simvastatin (stating) are effective lipid-lowering agents.
Simvastatin  have anti-inflammatory, antioxidant and
antithrombotic effects. Recent experimental studies
suggested that the beneficial effects of simvastatin n I/R
rats not only a result of an improved lipid profile but also
mediated by antioxidant actions.

Sunvastatin administration to rat increases functional
recovery of sciatic nerve. Two phases were 1dentifiable in
the treatment simvastatin group: phase one (0-3 h) the
improvement with simvastatin did not reach statically
significance compared with control group. Phase two
(7 and 14 days) compared with controls there was
significantly recovery. Present results have shown that
simvastatin  treatment effectively promoted motor
functional recovery in reperfused rat sciatic nerve after
7 days of ischemia. Our studies have shown that
behavioral function can recover to near normal during the
14 days of reperfusion in the treatment group.

Tnhibition of inducible nitric oxide synthase promotes
recovery of motor function in rats after sciatic nerve
1schemia and reperfusion (Shin ef af., 2005). This study
(Shin et al., 2005), showed that all 1400 W-treated groups
had an earlier recovery of the motor function than the
water-treated control group between days 11 and 25 after
1schemia. At day 35 motor functions was recovered to

4258



FPak. J. Biol. Sci., 10 (23): 4256-4260, 2007

near-normal levels in 1400 W treatment group (Shin et al.,
2005). In the simvastatin treatment group, at day 14 motor
functions was recovered to near-normal levels.

Tt is well known that simvastatin provides protection
against /R injury of the heart (Allan et al, 1999
Honjo et al, 2002), lung (Babu et al, 2003), brain
(Carl and Delanty, 1999) and retina (Honjo et al., 2002).

Studies have repeated revealed the neuroprotective
action of simvastatin in cerebral I/R model. Retarding
properties of simvastatin m the both coronary and
arterial beds well established (Carl and Delanty, 1999).
Simvastatin improve neurological deficiets in rats, m parts,
by reducing reactive oxygen species in endothelial cell
(Haendeler et al., 2004), inhibiting leukocyte-endothelial
interaction through the release of nitric oxide from the
endothelium (Honjo et al., 2002).

Statins both upregulate endothelial nitric oxide
synthase (eNOS) and inhabit inducible nitric oxide
synthase (iNOS), effects that potentially newoprotective.
The preservation of eNOS activity in cerebral vasculature,
particularly in the 1schemic penumbra, may be especially
mnportant i preserving blood flow and luniting
neurological loss (Carl and Delanty, 1999, Allan ef al.,
1999),

Haendeler et «l. (2004). demonstrates a novel
antioxidant mechanism by which statins reduce reactive
oxygen species (causes neural and endothelial damage) in
endothelial cells. Statin-mediated S-nitrosylation of
enhanced the enzymatic activity of
thioredoxin, resulting in a significant reduction in
intracellular reactive oxygen species.

thioredoxin

Current evidence leads to at least two major
hypotheses concerning their antioxidant mechamsm:

+ Inhibiting leukocyte-endothelial interaction through
the release of nitric oxide from the endothelium
(Homjo et al., 2002).

¢ Statin-mediated S-nitrosylation
enhanced the enzymatic activity of thioredoxin,
resulting in a significant reduction in intracellular
reactive oxygen species (Haendeler et al., 2004).

of thioredoxin

In general two mechamsm mentions above reduce
reactive oxygen species via release of Nitric Oxide (NO).
In summary, we conclude that Simvastatin therapy causes
physiological improvement on sciatic nerves which have
subjected to I/R. We postulate that the
neuroprotective effects of Sumvastatin are attributed to 1its
direct and indirect antioxidant actions. We believe that
pre-ischemic administration of simvastatin exhibits
newoprotective properties in I/R nerve injury.

been
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