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ABSTRACT

The present study has been designed to investigat®le Clofibrate in hypercholesterolaemia-indd@dtenuation
of cardioprotective effect of ischemic preconditimn Experimental hypercholesterolaemia was produty
feeding high fat diet to rats for a period of 28 yda Isolated langendorff's perfused normal and
hypercholesterolaemic rat hearts were subjectegldabal ischemia for 30 min followed by reperfusion120 min.
The myocardial infarct size was assessed macrosalbpiusing triphenyltetrazolium chloride staininGoronary
effluent was analyzed for lactate dehydrogenaseaiadtine kinase release to assess the extentrdfacainjury.
Moreover, the oxidative stress in heart was assebgemeasuring TBARS and GSH. The ischemia-repenfbas
been noted to induce oxidative stress by increa$iB4RS, superoxide anion generation and decreasdgced
form of glutathione in normal and hypercholestesstdc rat hearts. Moreover, I/R produced myocardimlry,
which was assessed in terms of increase in myaaardarct size, LDH and CK-MB release in coronaffluent
and decrease in coronary flow rate in normal andpdrgholesterolaemic rat hearts. In count, the
hypercholesterolaemic rat heart showed enhancednidBced myocardial injury with high degree of atigde
stress as compared with normal rat hearts subjettdéR. Four episodes of IPC afforded cardioprai@e against
I/R-induced myocardial injury in normal rat heams assessed in terms of improvement in coronavy Ifite and
reduction in myocardial infarct size, LDH, CK-MB dhroxidative stress. On the other hand, IPC mediate
myocardial protection against I/R-injury was abbksl in hypercholesterolaemic rat hearts may be the
consequent down-regulation of PP&Rwith high oxidative stress. Treatment with Cloditer (300mg/kg/day, i.p.),
an activator of PPAR: has not affected the cardioprotective effectsR@ in normal rat hearts, but its treatment
markedly restored the cardioprotective potentialRE€ in hypercholesterolaemic rat hearts.
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INTRODUCTION

Coronary artery disease is the leading cause obidioy and mortality and its prevalence is continsly increasing
worldwide [1]. Myocardial ischemia is a conditiom which heart tissue gets inadequate blood flowofatd by
inadequate oxygen and nutrient supply. The restoratf coronary blood flow to an ischemic myocardius
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mandatory in order to avoid the myocardial damatmvever, reperfusion of the previously ischemic oam@ium
is often followed by detrimental changes in myod@rtissues, is known as ischemia-reperfusion (IAQry [2].
Brief episodes of ischemia and reperfusion renterheart more tolerant to subsequent sustaine@risahand
reperfusion, known as ischemic preconditioning (IfZ34]. IPC has been noted to reduce I/R-inducgdaardial
injury by decreasing oxidative stress, limiting rogcdial infarct size, decreasing neutrophill (PMad¢tumulation,
preserving coronary endothelial function and intiigi apoptosis and necrosis [4-7]. Various mechmasisvolved
in the cardioprotective potential of IPC includdiation of phosphatidylinositol-3-kinase (PI3K)/Akbathway,
generation of nitric oxide (NO), activation of nttwondrial ATP-sensitive Kchannels (mito e channels) and
closure of mitochondrial permeability transitioare (MPTP) [4, 8-9]. However, the cardioprotectard infarct
size limiting effect of IPC has been abolished @ms pathological conditions such as diabetes, thdseart
failure, hypercholesterolaemia, ageing and hypsiten [10-12]. Hypercholesterolaemia (Hcl), a coiodit of
elevated level of Cholesterol, lipids and triglydes in blood, has been considered to be an indiepemisk factor
for cardiovascular diseases [13-14]. Hcl has béemwva to generate high amount of reactive oxygerispgROS)
by activating NADPH oxidase [14-16]. It has beecergly reported that Hcl decreased the eNOS mRNxesssion
followed by increased oxidative stress and decrkdsieavailability of NO occur to damage the vascula
endothelium [17]. We have noted that the cardigutdte potential of IPC was abolished in the
hypercholesterolaemic rat’s hearts. However, thelraeism involved in the attenuation of cardioproteceffect of
IPC in the hypercholesterolaemic rat heart is mavn. We have noted that the hypercholesterolaeatibeart
produced high degree of oxidative stress upon fegien when compared with the normal rat heart exxted to
I/R. Thus, it was believed that the signaling medsras activated by high degree of oxidative stragy play a
detrimental role in the attenuation of cardioprteceffect of IPC in the hypercholesterolaemichraart.

Peroxisome proliferator activated receptofPPARe) is a subfamily of the nuclear receptor superfamaturally
activated by ligands such as free fatty acids acmsanoids [18]. PPARs are ligand-activated trapgonal factors
that regulate genes important in cell differentiatand various metabolic processes, especiallg Bpoid glucose
homeostasis. It has been reported that PRARts down regulated during high amount of oxidattress [19-20].
Further, PPARz has been noted to activate PI3K/Akt pathway arntivaeon of PI3K/Akt pathway has been
previously well demonstrated to be involved in taedioprotective effect of IPC [21-22]. MoreoveRAR-o down
regulation has been implicated in the pathogenesigR-induced myocardial injury. Clofibrate (Cldjas been
shown to be a selective activator of PPAIRR3]. Therefore, the present study has been deditm investigate the
possible effects of Clofibrate, an activator of R4 in the abrogated cardioprotective effect of IRC i
hypercholesterolaemic rat hearts subjected to I/R.

MATERIALSAND METHODS

Animals

Wistar albino rats of either sex weighing about-220 g were employed in the present study. Theyevied on
standard chow diet (Ashirwad Industries Private LRlinjab, India) and were provided waaerlibitum They were
housed in departmental animal house and were egdgosE? h light and dark cycles. All animals wereintained
as per the guidelines for the care and use of &bor animals. The study protocol was approvednsyitutional
Animal Ethics Committee (CPCSEA/IAEC/05/2011).

Diet-Induced Hypercholester olaemia

Experimental hypercholesterolaemia was producedebyling high fat diet (casein, 200 g; coconut 880 g;
cholesterol, 10 g; cholic acid, 5 g; sucrose, 484hpline chloride, 2 g; DL-methionine, 4 g; vitaminix, 10 g;
mineral mix, 35 g were added to make 1.0 kg of)dietrats for a period of 28 days [24]. Mineral nwas
composed of NaCl, 5.57 g; KCI, 32 mg; MgsQ.29 g; FeSQ7H,O, 108 g; CaHP 70 mg; CuS@5H,0, 0.1
mg; MnSQ.H,0, 0.01 mg; ZnSQH,O, 28.7 mg; KI, 0.025 mg; COL6H,0, 9 mg and MgO, 0.15 mg. Moreover,
vitamin mix was comprised of retinol acetate, 5000 cholecalciferol, 400 1U; 7-dehydrocholesterd00 IU;
tocopheryl acetate, 15 mg; thiamine hydrochlorileng; riboflavin, 5 mg; nicotinamide, 45 mg; D-plaamol, 5
mg; pyridoxine hydrochloride, 2 mg; ascorbic adil,mg; folic acid, 100Q,g and cyanocobalamin, .

Assessment of Diet-1nduced Hypercholester olaemia

Hypercholesterolaemia was determined by estimaiiireglevels of Total cholesterol, High Density Lipofein
(HDL), Low Density Lipoprotein (LDL), Very Low Detity Lipoprotein (VLDL) and Triglycerides in bloodesum
using commercially available kits. Values were egsed in mg/dl.
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Estimation of Serum Total Cholesterol and High Density Lipoprotein (HDL) Levels

Serum total cholesterol and HDL levels were estmatpectrophotometrically (UV1 Spectrophotometérerino
Electron Corporation, England) at 505 nm by thehwétof Allain et al. (1974) using commercially dabie kit
(Monozyme India Ltd., Secunderabad, India).

Total Cholesterol Leve
Serum Total Cholesterol = Abs. of Cholesterol Telhs. of Standard x 200

HDL Level
Serum HDL level = Abs. of HDL Test / Abs. of Standla 50

Estimation of Serum Triglyceride Levels

Serum triglycerides were estimated spectrophotacadtyy (UV1 Spectrophotometer, Thermo Electron Gugtion,
England) at 546 nm by enzymatic glycerol phospbatdase/peroxidase (GPO/POD) method (Werner e1981)
using commercially available kit (Kamineni Life 8oces Private Ltd., Hyderabad, India).

Triglyceride Leve
Serum Triglyceride levels (mg/dl) = Abs. of Tegtlis. of Standard x 200

Estimation of Very Low Density Lipoprotein (VLDL) and Low Density Lipoprotein (LDL) Levels
VLDL and LDL concentrations were calculated frore friedewald equation [25].

VLDL Level
Serum VLDL levels (mg/dl) = Triglyceride level/ &nd

LDL Leve
Serum LDL levels (mg/dl) = Total cholesterol-(HD&viel + VLDL level).

Isolated rat heart preparation

Heparin (500U.p.) was administered about 20 min before sacrifi¢chngy animal by cervical dislocation. The heart
was rapidly excised and immediately mounted on kadgrff apparatus [26]. The heart was encloseddouble
walled jacket and the temperature of which was ta@ed at 37°C by circulating warm water. The prafian was
perfused with Krebs Henseleit (K-H) solution (Nd@B8 mM; KCL 4.7 mM; CaGl2.5 mM; MgSQ.7H,0O 1.2 mM;
NaHCGO; 25mM; KH,PO, 1.2 mM; GH1,06 1 mM) of pH 7.4, maintained at 37°C and bubblethvéi5% Q and
5% CGO. The coronary flow rate was maintained at aroumd/min by keeping the perfusion pressure at 80 gmH
Global ischemia was produced for 30 min by blocking inflow of physiological solution and it wadléawed by
reperfusion of 120 min after 10 min of stabilizatioThe coronary flow rate was noted at basal (leefgobal
ischemia), 0 min (at the onset of reperfusion),iB, B0 min and 120 min of reperfusion.

I schemic Preconditioning

Langendorff's perfused normal and hypercholesteroia hearts were subjected to four episodes ofrséh after
10 min of stabilization followed by reperfusionchacomprising of 5 min occlusion and 5 min repdadnsthan 30
min of global ischemia followed by reperfusion i#0 min to produce ischemic preconditioning.

Assessment of myocardial injury
The I/R-induced myocardial injury was assessed stimating the release of lactate dehydrogenase JL&xidl
creatine kinase (CK-MB) in the coronary effluentianeasuring the infarct size in the heart.

Estimation of LDH and CK-MB

The myocardial injury was assessed by measuringetkase of LDH and CK-MB in the coronary efflueising the
commercially available enzymatic kits (Vital Diagtics, Thane, Maharastra, India). LDH was measimethe
coronary effluent by UV-Kinetic method, which isdea on the principle that LDH catalyses the oxatatf lactate
to pyruvate accompanied by the simultaneous reatucti NAD to NADH. LDH activity is proportional tocrease
in absorbance due to reduction of NAD. The LDHattiis expressed in U/L using the formula: LDH iaitt/
(U/L) = AA/min x 3376. Ck-MB was measured in the coronaffueht by immune-inhibition method, which is
based on the principle that CK-M fraction of CK-MM the sample is completely inhibited by CK-M aioiily
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present in the reagent. Then the activity of CKr:fion is measured and the CK-MB activity is esges in U/L
using the formula: CK-MB activity (U/L) AA/min x 6752.

I nfarct size measurement

Hearts were removed from Langendorff's apparatath Buricles, root of aorta and right ventricle &vekcised and
left ventricle was kept overnight at -4°C. Frozemtricle was sliced into uniform sections of 2-3 nmhickness.
The slices were incubated in 1% triphenyltetrazulichloride (TTC) solution in 0.1 M tris buffer, pH 7.8, for 20

min at 37°C. TTC stain reacts with dehydrogenasgyrae in the presence of cofactor NADH to form foroma

pigment in viable cells, which is brick red in cotoThe infarcted cell that has lost dehydrogeressyme remains
unstained. Thus, the infarcted portion of the mydicem remains unstained while the normal viable caydium is

stained brick red with TTC. Infarct size was meadunacroscopically using volume method [27].

Assessment of oxidative stress

The left ventricle was minced and homogenized B6OM ice cold phosphate buffer (pH 7.4) using aldref
homogenizer. The clear supernatant of homogenate usad to estimate thiobarbituric acid reactivestarire
(TBARS) and reduced form of glutathione (GSH).

Estimation of TBARS

The quantitative measurement of TBARS, an indekpdd peroxidation in heart was performed accordinghe
method of Ohkawa et al. (1979). 0.2 ml of the snpant homogenate was pipetted out in a test fobbewed by
addition of 0.2 ml of 8.1% sodium dodecyl sulphg@®S), 1.5 ml of 30% acetic acid (pH 3.5) and 115fr0.8%

of thiobarbituric acid and the volume was madeaig tnl with distilled water. The test tubes wereubated for 1
hour at 95°C, then cooled and added 1 ml of déstifvater followed by addition of 5 ml of n-butampyridine
mixture (15:1 v/v). The test tubes were centrifugedl000 g for 10 min. The absorbance of develqpek color
was measured spectrophotometrically (Thermo Doladem Spectrophotometer, Thermo Electron Corporation
United Kingdom) at 532 nm. A standard calibratiamve was prepared using 1-10 nM of 1,1,3,3-tetramet
propane. The concentration of TBARS value was esgm@ as nanomoles per gm of wet tissue weight [28].

Estimation of superoxide anion generation

The heart was cut into transverse sections andeglat 5 ml of K-H solution buffer containing 100 pbf
nitroblutetrazolium (NBT) and incubated at 37°C 05 hours. NBT reduction was stopped by addind 6fr8.5 N
HCL. The heart was minced and homogenized in auréxdf 0.1 N NaOH and 0.1% SDS in water contairifig
mg/l di-ethylene triamine pentaacetic acid (DTPAhe mixture was centrifuged at 20000 g for 20 mid #he
resultant pellets were resuspended in 1.5 ml oidpme and kept at 80°C for 1.5 hours to extractmfazon. The
mixture was centrifuged at 10000 g for 10 min arfte tabsorbance of formazon was determined
spectrophotometrically (UV1 Spectrophotometer, Ti@Electron Corporation, England) at 540 nm. Thewam of
reduced NBT was calculated using the following folam Amount of reduced NBT=A.V/(T.W4l), where A is
absorbance, V is volume of solution (1.5 ml), Tiise for which the rings were incubated with NBD (@in), Wt is
blotted wet weight of heart, is extinction coefficient (0.72 L/mM/mm) and | tise length of light path (10 mm).
Results were expressed as reduced NBT in picorpelemin per mg of wet tissue [29].

Estimation of reduced glutathione

The reduced glutathione (GSH) content in heart wssmated using method of Beutler et al. (1963)e Th
supernatant of homogenate was mixed with trichloetie acid (10% w/v) in 1:1 ratio. The tubes weeatcifuged

at 1000 g for 10 min at 4°C. The supernatant obthif®.5 ml) was mixed with 2 ml of 0.3 M disodiurydnogen
phosphate. Then 0.25 ml of 0.001 M freshly prep@&tB [(5,5'-dithiobis (2-nitrobenzoic acid) diss@d in 1%
wiv citric acid] was added and the absorbancenetsd spectrophotometrically (UV1 Spectrophotomeéfaermo
Electron Corporation, England) at 412 nm. A staddewrve was plotted using 5-50 pM of reduced forin o
glutathione and results were expressed as micregnodleeduced glutathione per mg of wet tissue wdig0).

Experimental protocol

Twelve groups were employed in the present studly eath group comprised of eight animals. A diagration
representation of experimental protocol is showRim 1. In all groups, isolated per-fused rat heas allowed to
stabilize for 10 min by per-fusing with K-H solutio
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Group | (Normal Control): Isolated normal rat heart wasrfesed for 150 min using K-H solution after 10 rofrstabilization.

Group Il (I/R-Control): Isolated normal rat heart after 10in of stabilization was subjected to 30 min obgldschemia followed by 120 min of
reperfusion.

Group |11 (Clofibrate Per se Normal Control): The rat was givClofibrate (300mg/kg/day, i.p.) for 2 weekseAt weeks, the isolated normal
rat heart was perfused for 150 min using K-H solatafter 10 min stabilization.

Group IV (Ischemic Preconditioned): After 10 min of statation, the normal rat heart was subjected to fepisodes each comprised of 5 min
of global ischemia followed by 5 min of reperfustorproduce IPC. After four episodes of IPC, tharhevas subjected to 30 min of global
ischemia followed by 120 min of reperfusion.

Group V (Clofibrate Treated I/R-Control): The rat was giv€lofibrate (300mg/kg/day, i.p.) for 2 weeks. Aftaveeks, the isolated normal rat
heart was then subjected to 30 min of global iscadallowed by 120 min of reperfusion after 10 rofrstabilization.

Group VI (Clofibrate Treated Ischemic Preconditioned): Tte¢ was given Clofibrate (300mg/kg/day, i.p.) fomReks. After 2 weeks, the
isolated normal rat heart was subjected to IPC @&ntioned in group IV followed by 30 min of gloksdhiemia and 120 min of reperfusion.
Group VII (Hcl Control): Isolated hypercholesterolaemic radrt was perfused for 150 min using K-H soluticerat0 min of stabilization.
Group VIII (Hcl-I/R Control): Isolated hypercholesterolaentiat heart was subjected to 30 min of global isclefoilowed by 120 min of
reperfusion after 10 min of stabilization.

Group 1X (Clofibrate Per se Hcl-Control): The rat was giveiofibrate (300mg/kg/day, i.p.) for 2 weeks. Afferweeks, the isolated
hypercholesterolaemic rat heart was perfused fdr dfn using K-H solution after 10 min stabilization

Group X (Hcl-Ischemic Preconditioned): After 10 min of staltion, the hypercholesterolaemic rat heart veabjected to IPC as mentioned in
Group IV. After IPC, the heart was subjected ta80 of global ischemia followed by 120 min of répsion.

Group Xl (Clofibrate Treated Hcl-I/R Control): The rat wasvgn Clofibrate (300 mg/kg/day, i.p.) for 2 weekfter 2 weeks, the isolated
hypercholesterolaemic rat heart was then subjete2D min of global ischemia followed by 120 mimegferfusion after 10 min of stabilization.
Group XII (Clofibrate Treated Hcl-Ischemic Preconditionedfe€Trat was given Clofibrate (300mg/kg/day, i.pr) Zoveeks. After 2 weeks, the
isolated hypercholesterolaemic rat heart was subjgto IPC as mentioned in group IV followed byndf of global ischemia and 120 min of
reperfusion.

Statistical analysis

The results were expressed in mean +S.D. The ddsaned from various groups were statistically gmedl using
two way ANOVA followed by Tukey's multiple compawis test. The p values of less than 0.05 were ceridto
be statistically significant.

Drugs and chemicals

Clofibrate was obtained from Ranbaxy Pvt. Ltd. idis ex-gratia samples. The LDH and CK-MB enzymatic
estimation kits were purchased from Vital DiagnustiThane, Maharastra, India. DTNB and NBT wereioletd
from Loba Chem, Mumbai, India. 1,1,3,3-tetramethgppane and reduced glutathione were procured from
Sigma-Aldrich, USA. HDL kits purchased from Monozgnitd, Secunderabad, India. Serum Triglyceride kits
purchased from Kamineni Life Sciences Private Hygerabad, India. TTC stain and High fat diet pasgd from
Sanjay Biological, Amritsar, Punjab, India. All ethreagents used in this study were of analyticzdg.

RESULTS

Rat fed with high fat diet for 28 days with oralvgge significantly increased serum concentratiohsotal

cholesterol (272.1+24.4%), triglycerides (258.7419, LDL (190.86+18.8*), VLDL (51.74+5.2*) and HDL
(29.5+4.1%) levels (mg/dl) leads to hypercholestaemia when compared with normal rats. Moreoveg, garum
concentration of HDL was significantly reduced atsrfed with high fat diet for 28 days (Table 1).

Table 1: Effect of high fat diet on serum lipid profile

High Fat Diet Treated Rats
S.No. Cholesterol Nor mal Control (Hyper cholester olaemic Rats)
1. Total Cholesterol 98.2248.2 272.1+24.4*
2. Triglycerides 107.2548.! 258.7+£19.7
3. LDL 28.97+3.2 190.86+18.8*
4. VLDL 21.45+2.6 51.7415.2%
5. HDL 47.84+4.3 29.5+4.1*

*P<0.05 vs Control

The lipid peroxidation measured in terms of inceea¥BARS and superoxide anion generation with cqueet
decrease in GSH were noted in hypercholesterolashltearts subjected to 30 min of global ischeanid 120 min

of reperfusion, as compared to normal (Table 3MNddreover, hypercholesterolaemic rat hearts showigth h
oxidative stress when compared with normal rattsesubjected to I/R (Table 3-5). Four episodesPd markedly
attenuated the I/R-induced oxidative stress in @bmat hearts as assessed in terms of reductidiB&RS and
superoxide anion generation and consequent incrieaseduced GSH. However, IPC mediated reduction in
oxidative stress against I/R was markedly abolishdt/percholesterolaemic rat hearts (Table 3-5).
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Global ischemia followed by reperfusion signifidgnincreased LDH and CK-MB levels in coronary eéfid in
normal and hypercholesterolaemic rat hearts (T8¢ Maximum release of LDH was noted immediatefter
reperfusion, whereas peak release of CK-MB wasdhaté min of reperfusion. Further, I/R were natedhcrease
the infarct size in normal and hypercholesterolaenat hearts (Table 6). Moreover, hypercholesteroia rat
hearts showed enhanced myocardial injury when coedpaith normal rat hearts subjected to I/R. ThE€ IP
afforded cardioprotection in normal rat hearts igyicantly attenuating I/R-induced myocardialuny as assessed
in terms of reduction in LDH and CK-MB levels andyacardial infarct size (Table 7-8). However, theCIP
mediated cardioprotection against I/R-injury wasrkedly abolished in hypercholesterolaemic rat led&lobal
ischemia followed by reperfusion significantly demsed the amount of coronary perfuaste in normd an
hypercholesterolaemic rat hearts (Table 2). In tauidi the hypercholesterolaemic rat hearts showedked
reduction in coronary perfusate as compared to abrat hearts (Table 2). The IPC significantly noned the
coronary flow rate in normal rat hearts. On theeothand, the IPC has failed to improve the corofflary rate in
hypercholesterolaemic rat hearts subjected toTabdle 2).

Effect of Clofibrate in I/R-induced Oxidative Stress and Myocardial Injury in normal and
hyper cholesterolaemic rat hearts

Hypercholesterolaemic rat hearts showed high degfeexidative stress and enhanced myocardial injasy
compared with normal rat hearts subjected to I/Reaiment with Clofibrate (300mg/kg/daiyp., for 2 weeks)
markedly reduced the oxidative stress produced essalt of I/R in normal rat hearts as assessetbrims of
reduction in TBARS and superoxide anion generadind consequent increase in reduced form of GSHjtbut
treatment partially reduced the I/R-induced oxidatistress in hypercholesterolaemic rat hearts €rabb).
Treatment with Clofibrate (300mg/kg/dayp., for 2 weeks) markedly reduced the I/R-induced caydial injury in
normal rat hearts as assessed in terms of reductioryocardial infarct size, decrease in LDH and-KIR levels
and improvement in coronary flow rate (Table 2). the other hand, Clofibrate treatment partiallyuset I/R-
induced myocardial injury in hypercholesterolaenaichearts (Table 6-8).

Effect of Clofibrate |PC-Mediated Myocardial Protection in Normal Rat Hearts

Pretreatment with Clofibrate (300mg/kg/day., for 2 weeks) has not affected the IPC-inducednaidtion I/R-
mediated oxidative stress in normal rat hearts. edeer, its pretreatment has not modulated the Heldded
reduction in infarct size, LDH and CK-MB levels aimdprovement in coronary flow rate in normal ratate
subjected to I/R (Table 3-8).

Effect of Clofibratein Abrogated Cardioprotective Potential of |PC in Hypercholesterolaemic Rat Hearts
Treatment with Clofibrate (300mg/kg/daiyp., for 2 weeks) did not affect the cardioprotecteféects of IPC in
normal rat hearts subjected to I/R. On the otherdhats pretreatment markedly restored the cardimgtive
potential of IPC in hypercholesterolaemic rat heatibjected to I/R as assessed in terms of imprernerim
coronary flow rate and reduction in myocardial mofasize, LDH, CK-MB and oxidative stress (Tabl8&)3-

DISCUSSI ON

Increase in infarct size and the release of LDH &@xMB are documented to be an index of I/R-induced
myocardial injury [31]. In the present study, 30nnaif ischemia followed by 120 min of reperfusionswaoted to
produce myocardial injury as assessed in termsapéased infarct size in the heart and elevatedsel of LDH and
CK-MB in coronary effluent, which were consistenittwearlier reports [32]. The maximal release ofH.bvas
noted immediately after reperfusion whereas th& pekease of CK-MB was observed after 5 min of reson,
which are in accordance with earlier studies. Ald® increase in lipid peroxidation and superoxat@éon
generation with consequent decrease in the redgictathione levels have been suggested to be thieators of
oxidative stress [33-34]. This suggests the devety of I/R-induced oxidative stress, which mayrégponsible
for the noted I/R-induced myocardial injury in tpeesent study. In the present study, a significketrease in
coronary flow rate and marked increase in infarize,s release of LDH and CK-MB were noted in
hypercholesterolaemic rat hearts as compared wémormal rat hearts subjected to I/R.

High fat diet for 28 days significantly increasestiam concentrations of total cholesterol, triglydes, LDL and
VLDL. Moreover, the serum concentration of HDL wsignificantly reduced in rats fed with high fat dfer 28
days. Hcl has been noted to modulate the sevefityfReinduced myocardial injury and interfere withe
cardioprotective potential of IPC [35]. Moreoverglhossesses an important risk factor for corohaart disease.
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Group | (Normal Control)

10 min S 150 min P
Group Il (I/R Control)
10 min S 30 min | 120 min R

Group Il (Clofibrate Per se Normal Control)

10 min S 150 min P

Group IV (Ischemic Preconditioned)

%

10 min S I'RI1T RIRIR 30 min | 120 min R
Group V (Clofibrate Treated I/R-Control)

10 min S 30 min | 120 min R
Group VI (Clofibrate Treated Ischemic Preconditidne
10 min £ IRIRIRIR 30 min 120 min F

Group VII (Hcl Control)
[
10 min S 150 min P
Group VIII (Hcl-I/R Control)

ﬂ

10 min S 30 min | It R
Group IX (Clofibrate Per se Hcl-Control)
[
10min S 150 min P
Group X (Hcl-Ischemic Preconditioned)

%

10 min £ I'RITRIRIR 30 min 120 min F
Group XI (Clofibrate Treated Hcl-I/R Control)

ﬂ

10 min S 30min | I R
Group XII (Clofibrate Treated Hcl-Ischemic Precdiatied)

%

10 min S IR T RIRIR 30 min | 120 min R

Figure 1: Diagrammatic representation of experimental protocol
S indicates stabilization; | indicate global ischiafrR indicates reperfusion with K-H solution; lifdicates ischemia-reperfusion injury;
Ischemic preconditioned indicates ischemic predimui¢d normal rat heart; Hcl indicates hyperchotastaemia

Hcl has been reported to decrease myocardial N@ectration, causes generation of ROS like supeeoaion
and peroxynitrite radical, activates apoptotic eagp3 and lead to accumulation of cholesterol énstircolemmal
and mitochondrial membranes [13,35] that may atitnuthe cardioprotective effect of IPC in
hypercholesterolaemic states. Thus, the observekleghancrease in myocardial injury in hypercholesi@emic rat
hearts may be due to the development of high degjreridative stress. This contention is suppolbigdhe fact that
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a marked increase in lipid peroxidation and supdeanion generation and subsequent decrease tatlghne
level were noted in hypercholesterolaemic rat lseahten compared with normal rat hearts subjectétiRto

Table 2: Effect of Clofibrate and IPC on Coronary Flow Rate (CFR) (ml/min)

Groups Basal 0 min 5 min 30 min 120 min
Normal Control 6.9+0.74d 7.1+07fy 6.9+0.72 6073 6.5 +0.69
I/R Control 71+0.73] 26+03]1 44+054 3.6.81| 2.9+0.329
Clo Per se Normal Contrgl 7.2+0.68 7.2+0.69 #®B81| 7.2+0.79 6.8+0.77
IPC Control 72+079 48+054 54+058 5058 4.9 +0.45h
Clo Treated I/R Control 74+077 43+041 505%5| 48+0.45 4.4+057p
Clo Treated IPC 6.9+0.72 46+0.52 55+0/63150.56| 4.9+0.55h
Hcl-Control 72+081 7.1+079 7.2+082 7.0%8 6.9 +0.79
Hcl-I/R Control 72+0.76) 29+0.33 3.7+042 430.44| 2.1 +0.29c/d
Clo Per se Hcl-Control 71+078 72+ 069 70#| 7.4+0.82 7.0+ 0.69
Hcl-IPC Control 7.3+0.81] 3.1+0.4 3.5+0.41 82.0.25 2.3+0.32
Clo Treated HcHR Contrg 7.4+0.79| 4.0+0.47| 42+052 35+042 2.83%
Clo Treated Hcl-IPC 6.9+0.72 42+039 5.1+#0/54.8+057| 4.7+0.52¢f

Values are expressed as mean £S.D. a = p < 0.08ormal Control; b = p < 0.05 vs I/R Control; ¢ =90.05 vs Hcl-Control; d = p < 0.05 vs
I/R Control; e = p <0.05 vs Hcl-IR Control; f = 0.05 vs Hcl-Ischemic Preconditioned

Table 3: Effect of Clofibrateand IPC in I/R-induced increasein TBARS level

Groups TBA.RS .
(nM/gm wet tissue weight)

Normal Control 304 +£35
1/R Control 76.7+5.7
Clo Per se Normal Control 35.3+3.8
IPC Control 52.3+48
Clo Treated I/R Control 556+ 4.}
Clo Treated IPC 54.3+5.3
Hcl-Control 38.7 + 3.

Hcl-I1/R Control 99.8 + 6.8°
Clo Per se Hcl-Control 452 +4.1
Hcl- IPC Control 934+6.3
Clo Treated Hcl-1/R Control 80.7+4.4
Clo Treated Hdl-1PC 67.8+4.F

Values are expressed as mean +S.D. a = p< 0.08ormal Control; b = p< 0.05 vs I/R Control; ¢ = p8.05 vs Hcl-Control; d = p< 0.05 vs
I/R Control; e = p< 0.05 vs Hcl-IR Control; f = p8.05 vs Hcl-Ischemic Preconditioned (IPC)

Table 4: Effect of Clofibrateand IPC in I/R-induced increase in superoxide anion level (expressed asreduced NBT)

Groups . Reduced NBT .
(pM/min/mg wet tissue weight)

Normal Control 19.8+2.2
1/R Control 65.4+5

Clo Per se Normal Control 23.1+22
IPC Control 402+38
Clo Treated I/R Control 38.6+3.4
Clo Treated IPC 412+43
Hcl-Control 221+

Hcl-1/R Control 87.5+5¢

Clo Per se Hcl-Control 21121
Hcl- IPC Control 78.1+5.1
Clo Treated Hcl-I/R Control 64.5+4.5
Clo Treated Hdl-1PC 47.6 £3.97

Values are expressed as mean +S.D. a = p< 0.08orsmal Control; b = p< 0.05 vs I/R Control; ¢ = p8.05 vs Hcl-Control; d = p< 0.05 vs
I/R Control; e = p< 0.05 vs Hcl-IR Control; f = p8.05 vs Hcl-Ischemic Preconditioned (IPC)

IPC has been well documented to produce myocapiiatection against I/R-induced myocardial inftityThe
mechanisms involved in the cardioprotective potatdf IPC are activation of PI3K/Akt and eNOS egede of NO,
closure of MPTP, opening of ffe-channels and reduction in reperfusion-induced atkié stress [36-37]. In the
present study, IPC was noted to reduce I/R-induagdcardial injury in normal rat hearts as asse@sedrms of
reductions in infarct size, release of LDH and CIB-nd oxidative stress. However, the cardioprotectiffect of
IPC was insignificant in Hcl rat hearts with higagiee of noted oxidative stress. Thus, it is stisoegggested that
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the high degree of oxidative stress developed ihrhiichearts may be responsible for the observeddoaical
effect of IPC.

Table 5: Effect of Clofibrateand IPC in I/R-induced decreasein reduced GSH level

GSH
Groups (UM/mg wet tissue weight)

Normal Control 0.763 + 0.033
1/R Control 0.598 + 0.041
Clo Per se Normal Control 0.782 + 0.038
IPC Control 0.892 +0.045
Clo Treated I/R Control 0.914 +0.03°

Clo Treated IPC 0.929 +0.03

Hcl-Control 0.797 £ 0.051
Hdl-1/R Control 0.473 + 0.04%°
Clo Per se Hcl-Control 0.753 £ 0.041
Hcl- IPC Control 0.539 + 0.046
Clo Treated Hcl-I/R Control 0.685 + 0.03¢

Clo Treated Hcl-IPC 0.806 + 0.04°

Values are expressed as mean +S.D. a = p< 0.08arsmal Control; b = p< 0.05 vs I/R Control; ¢ = p8.05 vs Hcl-Control; d = p< 0.05 vs
I/R Control; e = p< 0.05 vs Hcl-IR Control; f = p8.05 vs Hcl-Ischemic Preconditioned (IPC)

Table 6: Effect of Clofibrateand IPC in I/R-induced increasein infarct size

Groups % Infarct Size

Nor mal Control 8+1.2
1/R Control 475+ 3.1
Clo Per se Normal Control 82+16
IPC Control 234+286
Clo Treated I/R Control 25.2+2.F
Clo Treated IPC 23.2+1.°
Hcl-Control 88+1.6
Hcl-1/R Control 59.2 +4.8°
Clo Per seHcl-Control 82+19
Hcl-1PC Control 51.2+45
Clo Treated Hcl-I/R Control 42.4+3.3
Clo Treated Hdl-1PC 33.2+3.8f

Values are expressed as mean +S.D. a = p< 0.08orsmal Control; b = p< 0.05 vs I/R Control; ¢ = p8.05 vs Hcl-Control; d = p< 0.05 vs
I/R Control; e = p< 0.05 vs Hcl-IR Control; f = p8.05 vs Hcl-Ischemic Preconditioned (IPC)

Table 7: Effect of Clofibrateand IPC in I/R-induced increasein CK-MB level

Groups CK-MB (U/L)
Normal Control 33.2+5.
I/R Control 166.5+11.1
Clo Per se Normal Control 354+49
IPC Control 7159
Clo Treated I/R Control 82.3+7.9
Clo Treated IPC 76.5+6.°
Hcl-Control 29.9 £ 5.
Hdl-1/R Control 199.2 +15.°
Clo Per seHcl-Control 36.2+3.8
Hcl-1PC Control 177.6 £14.8
Clo Treated Hcl-1/R Control 142.3+9.9
Clo Treated Hdl-1PC 1154 + 7.%°

Values are expressed as mean +S.D. a = p< 0.08orsmal Control; b = p< 0.05 vs I/R Control; ¢ = p8.05 vs Hcl-Control; d = p< 0.05 vs
I/R Control; e = p< 0.05 vs Hcl-IR Control; f = p8.05 vs Hcl-Ischemic Preconditioned (IPC)

Pretreatment with Clofibrate (300mg/kg/daw., for 2 weeks) did not affect the cardioprotecteféect of IPC in
normal rat hearts; but its pretreatment signifisanéstored the cardioprotective effect of IPC icl Hat hearts.
Clofibrate has been well reported to be a selectiwghetic agonist of PPAR{23,38]. Thus, it is suggested that
activation of PPARx in ischemic myocardium may play a pivotal rolethe attenuation of cardioprotective
potential of IPC in Hcl rat hearts. The signalingahanisms such as activation of PI3K/Akt, subsegaetivation
of eNOS and generation of NO have been well immdidan IPC mediated cardioprotection. It has beefl w
reported that Hcl down regulates eNOS and redugesgeneration and bioavailability of NO [21]. Moveo,
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various experimental studies have reported thairdcease oxidative stress significantly [39]. IRert activation of
PPAR« has been reported to activate PI3K/Akt pathway.[Shce, Clofibrate has restorted the cardiopitdtec
effect of IPC in Hcl rat hearts, it may be suggesteat PPARs mediated activation of PI3K/Akt-eNOS pathway in
hypercholesterolaemic rat hearts may be resporfgibtbe restoration of cardioprotective potentilPC.

Table8: Effect of Clofibrateand IPC in I/R-induced increasein LDH level

Groups LDH (U/L)
Normal Control 35.8+5.3
I/R Control 255.1+14.9
Clo Per se Normal Control 39.8+4.1
IPC Control 178.6 +12.8
Clo Treated I/R Control 185.4+11.°
Clo Treated IPC 188.5 + 14."
Hcl-Control 40.3+6.1
Hdl-1/R Control 292.1+18.8°
Clo Per se Hcl-Control 489+5.1
Hcl-1PC Control 267.7 +18.5
Clo Treated Hcl-1/R Control | 242.1 +14.°
Clo Treated Hcl-IPC 208.5 +11.%

Values are expressed as mean +S.D. a = p< 0.08ormal Control; b = p< 0.05 vs I/R Control; ¢ = pg.05 vs Hcl-Control; d = p< 0.05 vs
I/R Control; e = p< 0.05 vs Hcl-IR Control; f = p8.05 vs Hcl-Ischemic Preconditioned (IPC)

In addition, PPARx activation has been noted to diminish ROS germraéind postischemic cardiomyocytic
apoptosis [22,40]. Reperfusion-induced ROS produdtias been noted to down regulate PRA&pression which
is detrimental for maintaining contractile functiohthe heart. Thus, it may be suggested that dagnlation of
PPAR« by ROS may be associated with cardiac dysfundtid#icl rat hearts subjected to I/R. Moreover, atiion

of PPARe has been shown to decrease the expression ohfi@mmatory cytokines and involve in oxidative
stress-induced apoptotic cell death [38, 41-42]usThit could be suggested that PPARactivation during
reperfusion may be responsible for the decreageferation of high amount of ROS in Hcl rat hepdssibly by
involving the well established IPC-mediated cardibgctive PI3K/Akt/eNOS pathway. This contention is
supported by the results obtained in the presemdysthat pretreatment with Clofibrate has restorthd
cardioprotective and infarct size limiting propesgtiof IPC in Hcl rat hearts as assessed in termedofctions of
CK-MB and LDH in coronary effluent along with deased oxidative stress in Hcl rat hearts. Our sfadyhe first
time reports that Clofibrate has significant rotethe restoration of abrogated cardioprtective atffef IPC in
hypercholesterolaemic rat hearts. Hence, it cgmoséulated that the selective PP&Rgonists may be the potential
candidates for providing pharmacological precooditig in hypercholesterolaemic patients in orderafford
cardioprotection. However, further studies meagurthe PPARx expression during hypercholesterolaemic
condition may be warranted.

CONCLUSION

On the basis of above discussion, it may be coedutiat there may be down regulation of PRARignaling
during hypercholesterolaemic condition that consetjy produced high degree of oxidative stresschimay be
responsible to abolish the cardioprotective po#tnf IPC against I/R induced myocardial injury in
hypercholesterolaemic rat hearts. The PRARetivation by Clofibrate restored the attenuateddioprotective
effect of IPC in hypercholesterolaemic rat hearts.
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