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Comparison of Bencyclane Hydrogen Fumarate,
Pentoxifylline and Cilostazol’s Protective Effects

in the Treatment of Peripheral Occlusive
Artery on a Rat Model of

Ischemia-Reperfusion Injury

AABBSS  TTRRAACCTT  OObb  jjeecc  ttii  vvee::  Acu te limb isc he mi a is a cli ni cal event that may re sult by ar te ri al throm bo-
sis, perip he ral ar te ri al occ lu si ve di se a se or ar te ri al clam ping du ring ar te ri al re cons truc ti ve sur gery.
We in ves ti ga ted the ef fects of Bency cla ne hydro gen fu ma ra te (BF), Pen to xify lli ne (PTX) and Ci los -
ta zol (CZ) in the at te nu a ti on of isc he mi a re per fu si on (I/R) in jury on ske le tal musc le in a rat mo del.
MMaa  ttee  rrii  aall  aanndd  MMeett  hhooddss::  Twenty-eight adult ma le Wis tar rats we re used in a mo del of hind limb is-
c he mi a. The ani mals we re ran do mi zed in to fo ur equ al gro ups (N= 7) sub mit ted to 2 ho urs of isc -
he mi a fol lo wed by 4 ho ur of re per fu si on. Gro up 1: con trol gro up; re ce i ved IR in jury to both hind
limbs. Gro up 2 (BF + IR) had re ce i ved BF, Gro up 3 (PTX + IR) had re ce i ved PTX, Gro up 4 (CZ +
IR) had re ce i ved CZ be fo re they un der went the sa me mo del of IR in jury. Blo od samples and mus-
c le bi op si es we re ta ken for his to lo gi cal and bi oc he mi cal eva lu a ti on. RRee  ssuullttss:: In the tre a ted gro ups,
tis su e MDA and se rum/tis su e CAT le vels we re fo und to be sig ni fi cant com pa red to the con trol gro -
up. In gro ups 3 and 4, SOD le vels we re sig ni fi cantly in cre a sed com pa red to the con trol gro up. SOD
va lu es we re fo und to be sig ni fi cant bet we en the gro ups 2 and 4. In gro ups 3 and 4, Na-K AT Pa se
ac ti vity and GSH le vels we re sig ni ficantly dif fe rent when com pa red to gro ups 1 and 2. His to pat -
ho lo gi cal sco ring and deg re e of in jury fa i led to de mons tra te any sta tis ti cal dif fe ren ce. CCoonncc  lluu  ssii  oonn::
We sug gest that CZ and PTX tre at ment in the isc he mic and early re per fu si on pe ri ods can im pro ve
musc le vi a bi lity and an ti o xi dant ca pa city.

KKeeyy  WWoorrddss::  Re per fu si on in jury; pen to xify lli ne; ci los ta zol; bency cla ne 

ÖÖZZEETT  AAmmaaçç::  Akut ba cak is ke mi si; ar te ri yel trom bo zis, tı ka yı cı pe ri fe rik ar ter has ta lı ğı ve ya ar -
te ri yel re kons trük tif cer ra hi sı ra sın da ar te ri yel klemp le me ile or ta ya çı ka bi len kli nik bir du -
rum dur. Biz bu ça lış ma da, sı çan is ke let ka sı mo de lin de Ben sik lan hid ro jen fu ma rat (BF),
Pen tok si fi lin (PTX) ve Si los ta zo lun(CZ) is ke mi re per füz yon (I/R) ha sa rı nı azalt ma sı üze ri ne olan
et ki le ri ni araş tır dık. GGee  rreeçç  vvee  YYöönn  tteemm  lleerr::  Ar ka ba cak I/R hasarı mo de lin de 28 ye tiş kin er kek
Wis tar sı çan kul la nıl dı. Hay van lar se çi ci ol mak sı zın eşit sa yı da (7) dört gru ba ay rı la rak 2 sa at is -
ke mi son ra sı 4 sa at re per füz yo na  ma ruz bı ra kıl dı. Grup 1: her iki ar ka ba ca ğa is ke mi-re per füz -
yon uy gu la nan kontrol grubu; Grup 2: BF + IR, BF uy gu la nan I/R gru bu; Grup 3: PTX + IR, PTX
uy gu la nan I/R gru bu; Grup 4: CZ + IR, CZ uy gu la nan I/R gru bu. Tüm grup lar da ilaç lar ve ril dik -
ten son ra I/R uy gu lan dı.  Bi yo kim ya sal ve his to lo jik de ğer len dir me ler için kan örnekleri ve do -
ku bi yop si le ri alın dı. BBuull  gguu  llaarr:: Te da vi edi len grup lar da, do ku MDA ve se rum/do ku ka ta laz
dü zey le ri kon trol gru-bu na gö re an lam lı bu lun du. Grup 3 ve 4’te ki SOD dü zey le rin de kon trol
gu ru bu na gö re an lamlı bir ar tış var dı. Grup 2 ve 4 ara sın da ki SOD dü zey le ri ara sın da ki fark  an -
lam lıy dı. Grup 3 ve 4’te ki Na-K AT Paz ak ti vi te si ve GSH dü zey le ri Grup 1 ve 2’ye gö re an lam -
lı fark lıy dı. His to pa to lo jik skor la ma ve ha sar de re ce sin de grup lar ara sın da is ta tis tik sel an lam lı
bir fark yok tu. SSoo  nnuuçç:: CZ ve PTX’in is ke mi ve er ken re per füz yon te da vi sin de kas can lı lı ğı nı ve
an ti ok sidan ka pa si te yi dü zelt ti ği ni söy le ye bi li riz.

AAnnaahh  ttaarr  KKee  llii  mmee  lleerr:: Re per füz yon ha sa rı; pen tok si fi lin; silostazol; ben sik lan  
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e rip he ral ar te ri al occ lu si ve di se a se (PA OD) is
a com mon ma ni fes ta ti on of at he rosc le ro sis.
The pre va len ce of PA OD con ti nu es to in cre -

a se, with re cent da ta sug ges ting that al most 30% of
pa ti ents are under risk.1 The al ter na ti ves for the tre -
at ment of PA OD are ra pidly ex pan ding. The se new
the ra pe u tic op ti ons inc lu de phar ma cot he rapy, im-
pro ved sur gi cal tech ni qu es, and en do vas cu lar in ter-
ven ti ons. The ap prop ri a te ini ti al the rapy for
pa ti ents ha ving cla u di ca ti on is the me di cal the rapy
which will be suf fi ci ent for the ma jo rity of them.
Many agents ha ve be en tri ed but few drugs ha ve de -
mons tra ted ef fi cacy in ade qu a tely de sig ned, pla ce -
bo-con trol led tri als.2 Ge ne rally, all the se clas ses of
drugs ha ve be en tho ught to in cre a se oxygen deliv-
ery to ske le tal musc les or in cre a se the ef fi ci ency of
oxy gen uti li za ti on. Bency cla ne hydro gen fu ma ra te
(BF) has be en used as a va so di la tor drug for the tre -
at ment of pe rip he ral ar te ri al occ lu si ve di se a se.3 Pen-
to xify lli ne (PTX) has be en wi dely used to tre at
in ter mit tent cla u di ca ti on but had conf lic ting cli ni -
cal re sults.4,5 Ci los ta zol (CZ) has im pro ved ab so lu te
cla u di ca ti on dis tan ces in ran do mi zed, do ub le-
blind, pla ce bo con trol led tri als.6 Acu te limb isc he -
mi a is a com mon cli ni cal event that may be ca u sed
by ar te ri al throm bo sis, PA OD or ar te ri al clam ping
du ring ar te ri al re cons truc ti ve sur gery. Re per fu si on
of isc he mic musc le in cre a ses the ha zar do us ef fect of
early isc he mic in jury by the re le a se of re ac ti ve oxy-
gen spe ci es (ROS). ROS so ur ces inc lu de the elec tron
trans port cha in, oxi dant enz ymes such as xant hi ne
oxi da se, and mye lo pe ro xi da se (MPO). ROS may ca -
u se cel lu lar da ma ge by pe ro xi da ti on of mem bra ne
li pids, sulfhydryl enz yme inac ti va ti on, pro te in
cross-lin king and DNA bre ak down.7 In or der to co -
un ter this po ten ti al da ma ge, or ga nisms ha ve enz -
yma tic such as su pe ro xi de dis mu ta se (SOD),
glu tat hi o ne pe ro xi da se (GSH-Px), ca ta la se (CAT)
and no nenz yma tic (to cop he rols, ca ro te nes, ubi qu i -
nol, glu tat hi o ne, as cor bic acid) an ti o xi dant de fen ce
mec ha nisms.8 Oxi da ti ve stress oc curs when the re is
eit her an over pro duc ti on of ROS or a dec re a se in
the an ti o xi dant sta tus.

In the cur rent ex pe ri men tal study, we in ves ti -
ga ted the ef fects of BF, PTX and CZ in the at te nu -
a ti on of isc he mi a re per fu si on (I/R) in jury on
ske le tal musc le in a rat mo del. 

MA TE RI AL AND MET HODS

STUDY GRO UPS

The study was con duc ted on 28 ma le adult Wis tar
rats we ig hing 300-350 g. The pro to col for this
study was ap pro ved by the Et hics Com mit te e of
Mer sin Uni ver sity Scho ol of Me di ci ne, which fol-
lows the Na ti o nal Ins ti tu tes of He alth Gu i de li nes
of Ca re and Use of Ex pe ri men tal Ani mals.

The rats we re ran domly di vi ded in to fo ur equ -
al gro ups. Gro up 1 (I/R con trol gro up) rats we re
sub jec ted to isc he mi a for 2 h fol lo wing a 4 h re per -
fu si on pe ri od, whi le gro up 2 (BF-tre a ted gro up) an-
i mals we re pre-tre a ted with 50 mg/kg per day of
oral BF (An gi o del®, Or ga non, Tur key), gro up 3 we -
re pre-tre a ted with 50 mg/kg per day of oral PTX
(Tren tal® Aventis, Is tan bul, Tur key), gro up 4 we re
pre-tre a ted with 50 mg/kg per day of oral CZ (Ple-
tal® Ab di Ib ra him, Is tan bul, Tur key) for 4 we eks
vi a an oro gas tric tu be twi ce a day pri or to I/R. 

RAT SKE LE TAL MUSC LE I/R MO DEL

All of the rats we re ana est he ti zed with ke ta mi ne
hydroch lo ri de 30 mg/kg in tra mus cu lar (Ke ta lar®,
Pfi zer, Is tan bul,Tur key). La tex to ur ni qu ets we re
app li ed both hind-limbs, pro xi mal to troc han ter
ma jor in all ani mals. Fol lo wing 120 min of isc he -
mi a, the to ur ni qu ets we re re mo ved al lo wing 240
min of re per fu si on. At the end of the re per fu si on
pe ri od, the rats we re sac ri fi ced by a high in tra pe ri -
to ne al do se of thi o pen to ne so di um in jec ti on. Blo od
samp les we re drawn from the left ven tric les. Mal-
ondialdehit (MDA), GSH, SOD, CAT, MPO, Na-K
AT Pa se and nit ric oxi de (NO) le vels we re de ter mi -
ned in tis su e bi op si es and blo od samp les. So le us
musc le tis su e samp les we re al so ta ken for his to lo -
gi cal exa mi na ti on.

BI OC HE MI CAL AS SAYS

MMee  aa  ssuu  rree  mmeenntt ooff MMPPOO::  The MPO ac ti vity was
me a su red as a simp le qu an ti ta ti ve met hod of de tec -
ting le u co se qu es tra ti on. Tis su e (300 mg) was ho mo -
ge ni zed in 0.02 M ED TA (pH: 4.7) in a Tef lon Pot ter
ho mo ge ni zer. Ho mo ge na tes we re cen tri fu ged at 20
000 g for 15 min at + 4 0C. The pel let was re-ho mo -
ge ni zed in 1.5 ml 0.5% he xa decy lti ri meth ylam mo -



ni um bro mi de (HE TA AB) pre pa red in 0.05 M KPO4
(pH: 6) buf fer, then re-cen tri fu ged at 20 000 g for
15 min at + 40C. The de ter mi na ti on of se rum and su-
per na tant tis su e MPO ac ti vity de pends on the fact
that it re du ces o-di a ni si di ne which can be me a su -
red at 410 nm in a spec trop ho to me ter.9 Se rum MPO
va lu es we re ex pres sed as U/mg pro te in whi le the tis-
su e va lu es we re ex pres sed as U/gram tis su e.

DDee  tteerr  mmii  nnaa  ttii  oonn  ooff  NNiitt  rraa  ttee  aanndd  NNiitt  rrii  ttee  ((NNOOXX))::
The le vels of nit ri te and nit ra te in se rum and tis su -
e we re analy zed by a pho to met ric end po int de ter -
mi na ti on (Nit ri te/Nit ra te, co lo ri met ric kit, Roc he
Di ag nos tics, Mann he im, Ger many). Nit ra te is re-
du ced to nit ri te by re du ced ni co ti na mi de ade ni ne
di nuc le o ti de phosp ha te in the pre sen ce of the 
enz yme nit ra te re duc ta se. The nit ri te which was
for med re acts with sulp ha ni la mi de and N-(1-
naphtyl)-eth yle ne-di a mi ne dihy droch lo ri de to gi -
ve a red-vi o let di a zo dye. The di a zo dye is
me a su red on the ba sis of its ab sor ban ce in the vi si-
b le ran ge at 540 nm. The le vel of NOx was mar ked
as μmol/l. Nit ri te plus nit ra te is known as NOx.
The re fo re, se rum and tis su e nit ri te+nit ra te can be
used as an in di rect in di ca tor for NOx.

MMee  aa  ssuu  rree  mmeenntt  ooff  MMDDAA: Tis su es we re ho mo ge -
ni zed in 0.15mM KCI for MDA de ter mi na ti on. Af -
ter the ho mo ge na te was cen tri fu ged at 3000 rpm,
the MDA le vels in the su per na tant and 50 uL se -
rum we re de ter mi ned by the thi o bar bi tu ric acid re-
ac ti on ac cor ding to Hi ros hi and Ya gi. The prin cip le
of the met hod de pends on the co lo ri met ric me a su -
re ment of the in ten sity of the pink co lor pro du ced
by the in te rac ti on of the thi o bar bi tu ric acid with
MDA. The co lo red re ac ti on 1,1,3,3 tet ra e toxy pro -
pa ne was used as the pri mary stan dard.10,11 Se rum
and tis su e MDA va lu es we re ex pres sed as nmol/ml.

DDee  tteerr  mmii  nnaa  ttii  oonn  ooff  ssee  rruumm  aanndd  ttiiss  ssuu  ee  CCAATT  aacc  ttii  --
vviittyy::  Se rum and tis su e CAT ac ti vity was per for med
as des cri bed pre vi o usly.12 CAT ca taly ses the bre ak
down of hydro gen pe ro xi des. This re ac ti on is mo -
ni to red in UV spec trum at 240 nm wa ve length by
a spec trop ho to me ter. The dec re a se in ab sor ban ce
is pro por ti o nal to the ac ti vity of CAT. Se rum and
tis su e CAT va lu es we re ex pres sed as IU/ml whi le
the tis su e va lu es we re ex pres sed as IU/mg to tal pro-
te in. Pro te in amo unt was me a su red by Lowrys

met hod.13

DDee  tteerr  mmii  nnaa  ttii  oonn  ooff  SSOODD  aacc  ttii  vviittyy:: Se rum SOD
as say was per for med as des cri bed pre vi o usly.14 SOD
enz yme ac ti vi ti es we re ex pres sed as in ter na ti o nal
units. One unit of SOD ac ti vity was de fi ned as the
amo unt of enz yme pro te in ca u sing 50% in hi bi ti on
in nit rob lu e tet ra zo li um re duc ti on ra te, and re sults
we re ex pres sed as unit/mg pro te in. Pro te in amo unt
was me a su red by Lowrys met hod.13

DDee  tteerr  mmii  nnaa  ttii  oonn  ooff  eerryytt  hhrrooccyy  ttee  NNaa++--KK++ AATT  PPaa  ssee
aacc  ttii  vvii  ttii  eess: Me a su re ment of AT Pa se spe ci fic ac ti vity
is ba sed on the prin ci pal of the inor ga nic phosp ha -
te re le a sed in 1 h for each mil lig ram pro te in in the
pre sen ce of 3mM di so di um ATP, ad ded to the in cu-
ba ti on me di um. The inor ga nic phosp ha te re le a sed
from the ATP to the in cu ba ti on me di um, was me -
a su red ac cor ding to the met hod sug ges ted by Re a -
ding and Is bir.15,16 The pro te in qu an tity con ta i ned
in samp les was de ter mi ned ac cor ding to the met -
hod of Lowry et al.13 The re sults of the AT Pa se en-
z yme systems we re ex pres sed in nmol Pi mg -1
pro te in/h.

DDee  tteerr  mmii  nnaa  ttii  oonn  ooff  WWhhoo  llee  BBlloo  oodd  rree  dduu  cceedd  GGlluu--
ttaatt  hhii  oo  nnee::  Ve no us blo od was col lec ted in to tu bes
con ta i ning ED TA as an an ti co a gu lant. GSH we re
me a su red by flu o ro met ric high per for man ce li qu -
id chro ma tog raphy (Hew lett Pac kard 1100) using
Chro mosy stems ca lib ra tors and kits (Chro mosy -
stems Ins tru ments and Che mi cals GmbH, Mu nich,
Ger many). Blo od GSH va lu es we re ex pres sed as
mmol/L.

HHiiss  ttoo  ppaatt  hhoo  lloo  ggii  ccaall  eexxaa  mmii  nnaa  ttii  oonn:: Musc le tis su e
samp les that we re ini ti ally fi xed in 2.5% glu te ral -
dehy de we re then post fi xed in 2% (we ight per vo l-
u me) os mi um tet ro xi de, dehy dra ted in et ha nol,
tre a ted with propy le ne oxi de, and em bed ded in
Spurr’s epoxy re sin. Thin sec ti ons we re sta i ned
with uranyl ace ta te and le ad cit ra te and exa mi ned
with a JE OL JEM 1011 1200EX elec tron mic ros co -
pe (Je ol Corp, Tok yo, Ja pan). 70 nm sec ti ons we re
ta ken with ul tra mic ro to me af ter twenty fo ur ho -
urs poly me ri za ti on at 70 0C. Sec ti ons we re con tras -
ted with uranyl ace ta te and le ad cit ra te.
Ul tras truc tu ral da ma ge to the musc le tis su e was re -
cor ded in a blind man ner. The in tra cel lu lar and ex-
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tra cel lu lar ede ma, mi toc hon dri a, nuc le i, ca pil la ri es
and myo fib rils we re analy zed se pa ra tely in each bi -
opsy spe ci men by a se mi-qu an ti ta ti ve met hod with
a sco ring from 0 (unc han ged) to 3 (se ve re al te ra ti -
ons). A to tal sco re of all ul tras truc tu ral chan ges less
than 5 we re de fi ned as slight da ma ge, sco res ran g-
ing from 5 to 10 we re de fi ned as mo de ra te and 
sco res ex ce e ding 10 we re de fi ned as se ve re ul tras -
truc tu ral da ma ge. 

STA TIS TI CAL ANALY SIS

Sta tis ti cal analy sis was per for med with SPSS soft-
wa re pac ka ge, ver si on 11.5 for Win dows (SPSS
Inc., Chi ca go, IL, USA). Bi oc he mi cal re sults we re
con trol led for nor mal dis tri bu ti on by Kol mo go -
rov-Si mir nov test and ac cor ding to test re sult all
da ta we re nor mally dis tri bu ted. For all bi oc he mi cal
da ta, sta tis ti cal analy sis was per for med using re pe -
a ted me a su re ments of ANO VA fol lo wed by post-
hoc analy sis with the Tu key test to de tect
dif fe ren ces bet we en the gro ups. Re sults were ex-
pres sed as me an ± stan dard de vi a ti on (SD). A p-va -
lu e < 0.05 was con si de red as sig ni fi cant. 

RE SULTS

BI OC HE MI CAL ANALY SIS

Se rum MDA le vels in the tre a ted gro ups we re not
sig ni fi cantly dif fe rent com pa red to the con trol gro -
up. In se rum MDA le vels, no sta tis ti cally sig ni fi -
cant dif fe ren ces we re fo und among tre a ted gro ups
(p= 0.271). In the tre a ted gro ups, tis su e MDA le v-
els we re fo und to be dec re a sed when com pa red
with the con trol gro up and the dif fe ren ce bet we en
the se gro ups was sig ni fi cant (p< 0.05, Fi gu re 1).
The re was no sta tis ti cally sig ni fi cant dif fe ren ce
among the tre a ted gro ups.

Se rum and tis su e MPO le vels in the tre a ted
gro ups we re not sig ni fi cantly dif fe rent when com-
pa red to the con trol gro up and the re was no sta tis -
ti cally sig ni fi cant dif fe ren ce among the tre a ted
gro ups. With re gard to the se rum and tis su e nit ri -
te/nit ra te le vels, the re we re no sta tis ti cally sig ni fi -
cant dif fe ren ces among any of the gro ups of rats (p>
0.05). In the tre a ted gro ups, se rum and tis su e CAT
le vels we re fo und to be in cre a sed when com pa red
with the con trol gro up and the dif fe ren ce bet we en

the se gro ups was sig ni fi cant (p< 0.05, Fi gu re 2). In
gro ups 3 and 4, se rum SOD le vels we re sig ni fi -
cantly in cre a sed com pa red to con trol gro up (p<
0.05, Fi gu re 3). Al so, SOD va lu es in the se ra we re
fo und to be sig ni fi cant bet we en the gro ups 2 and 4
(Fi gu re 3). In gro ups 3 and 4, Na-K AT Pa se ac ti vity
and eryt hrocy te GSH le vels we re fo und to be in-
cre a sed when com pa red to that of gro ups 1 and 2

FI GU RE 1: Se rum and tis su e Ma lon di al dehy de le vels in all gro ups. Da ta were
ex pres sed as me an ± SD.

FI GU RE 2: Serum and tissue Catalase enzyme activity in all groups. Data
were expressed as mean ± SD.



and the dif fe ren ces bet we en the se gro ups we re tur -
ned out to be sig ni fi cant (p< 0.05, Fi gu res 4, 5). 

HIS TO PAT HO LO GI CAL RE SULTS

The ul tras truc tu ral eva lu a ti ons per for med on the
tre a ted gro ups un ve i led a si mi la rity bet we en the

con trol gro up in terms of the mild and mo de ra te
deg re e in ju ri es ho we ver gro up 3 and gro up 4 we re
af fec ted less in terms of se ve re in ju ri es. Tab le 1 de -
mons tra tes cle arly that this is ba si cally as so ci a ted
with the pre ser va ti on of the mi toc hon dri al and the
myo fib ril lar struc tu re and the ede ma. Ho we ver this
dif fe ren ce did not pro ve to be sta tis ti cally sig ni fi -
cant.

Cis ter nal ex pan si on of sar cop las mic re ti cu lum
was fo und in all gro ups. The re we re many mi toc -
hon dri al swel ling. Ex pan ded cis ter nal struc tu res
we re fo und sett led among the myo fib rils and sar co -
mers (Fi gu re 6). The cris ta e of mi toc hon dri a we re
dis sol ved and di sap pe a red. Parts of myo fib rils we -
re ob ser ved to be re la xed. His to pat ho lo gi cal sco ring
and deg re e of in jury were shown in Tab le 2. Un-
for tu na tely we we re unab le to de mons tra te any
sta tis ti cally sig ni fi cant dif fe ren ce.

DIS CUS SI ON
Up to da te, dif fe rent phar ma co lo gi cal agents such
as N-acetylc yste i ne, Vi ta mins C and E, me la to -
nin, L-Ar gi ni ne, car be no xo lo ne and ili op rost ha -
ve be en used in the tre at ment of I/R in jury of
ske le tal musc le both cli ni cally and ex pe ri men -
tally.17-21
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FI GU RE 3: Serum superoxide dismutase levels in all groups. Data were ex-
pressed as mean ± SD.

FI GU RE 4: Serum Na-K ATPase activities in all groups. Data were expressed
as mean ± SD.

FI GU RE 5: Serum eryhrocyte reduced glutathione levels in all groups. Data
were expressed as mean ± SD.
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In our study, we in ves ti ga ted the ef fects of BF,
PTX and CZ in the at te nu a ti on of I/R in jury on ske -
le tal musc le in a rat mo del. 

BF, which is one of the drugs used in the tre -
at ment of PA OD, has be en shown to pro tect in tes -
ti nal isc he mi a re per fu si on in jury in a rat mo del but
the re is no pub lis hed da ta for I/R of the ske le tal
musc le. Pos sib le po ten ti al pro per ti es of BF are po s-

i ti ve ef fects on fre e ra di cal sca ven gers and in hi bi -
ti on of ne ut rop hil ac cu mu la ti on.22 Al be it we we re
unab le to de mons tra te the ef fect of BF on the ac ti -
va ti on of the ne ut rop hils, the pre sen ce of lo wer
MDA le vels in the se ra and the tis su e samp les; in-
cre a sed CAT and SOD in com pa ri son with the con-
trol gro up and re mo val of a hydroxyl ra di cal
so ur ce, which is ex tre mely oxi dant, from the me di -
um may be help ful in exp la i ning this func ti on.  On
the ot her hand in stu di es con cer ning PTX and CZ;
PTX ex hi bits mar ked an ti-inf lam ma tory pro per ti -
es by in hi bi ting cyto ki ne pro duc ti on. It in hi bits li -
po poly sacc ha ri de-in du ced pro duc ti on of tu mor
nec ro sis fac tor-α by mo nocy tes and T cells and in-
ter le u kin-2 in du ced ad he ren ce of le u kocy tes.23

CZ has be en shown to ha ve pos sib le at te nu a -
ting ef fects on the inf lam ma tory cas ca de from re vi -
ew of in vit ro, ani mal and ca se-con trol led hu man
stu di es. Ha ka im et al.24 de mons tra ted that a CZ in-
fu si on 10 min be fo re re-vas cu la ri sing an isc ha e mic
leg pre ven ted an te ri or com part ment pres su re in-
cre a ses. In ad di ti on, Ot su ki et al.25 re por ted an in-
hi bi ti on of tu mor nec ro sis fac tor-alp ha and
vas cu lar cell-ad he si on mo le cu le-1 me di a ted pro d-
ucts with CZ. This in hi bi ti on may be vi a cAMP el-
e va ti on in hu man vas cu lar en dot he li al cells, thus
pre ven ting at he rosc le ro sis. O’ Do nnell et al.26 re-
por ted that CZ sig ni fi cantly at te nu a tes an exer ci -
se-in du ced host-inf lam ma tory res pon se in pa ti ents
with PA OD with sig ni fi cant im pro ve ments in le v-
els of li pid hydro pe ro xi des, β-ca ro te ne, P-se lec tin
and cell-ad he si on mo le cu les. They al so po in ted out
that the mec ha nism of ac ti on for CZ still unc le ar,
fre e-ra di cal ge ne ra ti on and an ti o xi dant con sump -
ti on are key path ways for the mo du la ti on of host
inf lam ma tory res pon se in pa ti ents with in ter mit -
tent cla u di ca ti on. Afo re men ti o ned stu di es sug gest
that the se two drugs, as in BF, put for ward the ir ef-
fects by bloc king the oxi do-inf lam ma tory pro cess.
In our study, al be it the NOx and the MPO va lu es
both in the se ra and the tis su e samp les did not re -
ach to a sig ni fi cant dif fe ren ce in com pa ri son with
the con trol gro up, the lo wer se ra MDA le vels and
sta tis ti cally sig ni fi cant tis su e MDA le vels, that
stands for the ref lec ti on of the oxi da ti ve in jury, in
the tre a ted gro ups de no tes that enz ymes ot her than

Group 1 Group 2 Group 3 Group 4 P

Edema 1.14 ± 0.89 1.71 ± 0.75 1.28 ± 0.95 1.14 ± 1.0 NS*

Nuclei 1.14 ± 1.0 1.42 ± 1.2 1.28 ± 0.95 1.57 ± 0.9 NS

Myofibrils 1.71 ± 0.7 1.57 ± 0.78 1.28 ± 0.95 0.85 ± 0.69 NS

Capillaries 0.85 ± 0.69 0.82 ± 0.69 0.57 ± 0.53 0.71 ± 0.48 NS

Mitochondria 1.57 ± 1.1 1.0 ± 1.1 1.14 ± 1.0 1.0 ± 1.1 NS

TABLE 1: Histopathological evaluation of 
biopsy specimens.

NS: Nonsignificant Statistical analysis was performed by using the ANOVA test followed
by the Tukey post hoc test. Data were expressed as mean ± SD. *P< 0.05 control ver-
sus treated groups.
NS: Nonsignificant.

Ultra-structural damage Group 1 Group 2 Group 3 Group 4 P

Slight 2 5 6 7 NS*

Moderate 14 12 13 13 NS

Severe 4 3 1 1 NS

TABLE 2: Histopathological scoring and 
degree of injury.

Statistical analysis was performed by using the ANOVA test followed by the Tukey post
hoc test. *P> 0.05 control versus treated groups. NS: Nonsignificant. 

FI GU RE 6: Elec tron mic ros co pic vi ew of myo fib rils re ve a led ex pan ded cis ter-
nal struc tu res sett led among the myo fib rils, sar co me res and Z band des -
truc ti ons. (uranyl ace ta te and le ad cit ra te, X 12000).



the MPO and iNOS might be ef fec ti ve in the oxi -
da ti ve stress and/or the drugs are ef fec ti ve on the
an ti o xi dant system. In this study, in cre a sed CAT
va lu es in the se ra and the tis su e samp les of the tre -
a ted gro ups ref lect the com mon pro per ti es of the -
se drugs on the an ti o xi dant system ho we ver
in cre a sed le vels of the se rum SOD, eryt hrocy te
GSH and the Na-K AT Pa se we re only de mons tra -
ted in the CZ and the PTX gro ups. Mo re o ver low
ra tes of se ve re ul tras truc tu ral chan ges that ha ve be -
en ob ser ved du ring his to pat ho lo gi cal eva lu a ti on in
the gro ups tre a ted with CZ and PTX al so sup ports
this ide a. The out co mes of the ul tras truc tu ral in-
ves ti ga ti ons that bro ught for ward si mi lar fin dings
bet we en the con trol and the tre a ted gro ups in
terms of mild and mo de ra te in ju ri es and the dec -
re a sed pre sen ce of mo re se ve re in ju ri es in gro ups 3
and 4 are strong sup por ters of the se fin dings. Eva l-

u a ti on of tab le 1 may exp la in this dif fe ren ce by
put ting for ward the pre ser ved struc tu re of the mi-
toc hon dri a and the myo fib rils and ede ma ho we ver
the dif fe ren ce did not re ach to a sta tis ti cal sig ni fi -
can ce. The se re sults might be re la ted with the re l-
a ti vely less num ber of the ex pe ri men tal sub jects.

CONC LU SI ON 
In our study, BF, PTX and CZ agents ha ve be en stu -
di ed for com pa ring the ir ef fects on acu te ske le tal
musc le I/R in jury. Ac cor ding to our re sults, we sug-
gest that CZ and PTX tre at ment in the isc he mic
and early re per fu si on pe ri ods can im pro ve musc le
vi a bi lity and an ti o xi dant ca pa city. 
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