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ABSTRACT

- Myocardial infzrclion 13 =n fruvarsivle death of heart muscle sacondary due to prolongod fack of
LHEYGEN Supply. The present Sudy was dasigned 1o ovaluale the proteclive eflect of enatapril in
isoproterenal-indiced myocardial infarclion in rats using changes in haemadynamic, biochemical,

|_histopathological gnd Hmmunuhistochemistry paramsters. Twenly-one male Wistar rats divigad Intlo |
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| three yroups wery useq whire the control {aroup A} was 'admjniam;ed lor normal saline which

continued for ¥ days, groug
{1Z0} at 85 mgkg on day &
days and thoreafler received S0 an dzy 8
animals were measured
removed, homogenized and used
paramel=rs. [0 this siudy,

cament and Hy0, gensration,

cardiopratactive alfects.

Bul reversa was the
showed that IS0 caysed higher expressions af
troponing 1 {CTn1} and decreasa in IL-105 but vice-versa for =nalaprl, Mo
changes were recordad for enalaprl. The sludy thus showed |hat enalapril significantly oxhibjnsg

B animals received norma) s&line for ¥ days and thercansr isopraterencl
and 2. Group C animals werg pretrezted with enalapril (10 markal for 7
and 4. On day 10, the bisad pressym change in tha
and thereafler sacrificed by cendeal dislocation. The hear! of each rat was
to assay for some oxidatve slress markers and same antloxidant
150 caused myocardiar
systolic, diastelic and mean arteria) pressurs bt
significant incroase in the lovels of SUD, GPx, GST 2nd GSH but significant decrease in MDA
case for group B anlmals, Immunohistachemigtry

infarclion as s=en by sianificant decrease [n
wak comected By enalapnl, Enalapril caysag

cardiac Cereactivie profein (ZRP} and cardiac
hislopathological

Kepwors: Enalapnl; myccardial infa refion; candioprofesiio iy immnotistochemiste ¥, anfloxidant,

T. INTRODUCTION

Human hasih iz being seriously threatened by
cardiovasculor dispases {CVD), which have heen
regarded as the main cause of dealy thraughaut
tho warld [1-3). Myocardial infarckon (it} Is =
Lommon presentation of ischemic foart dispasze
UHDY and remains the mEjor caves of death
in e developed  ward, Though  rapid
advancoments have bean made in the restment
of corenary arery diseases (CAD), MI iz slill &
major pathofagical issue warldwide [1], Increased
imyocardial metabolic demand and decragsed
SUpDly of axygen as well as nutrlents via the
coronary circulation te the myacardium brings
aboul rmyocardial infarction henca leading o call
injury. This pathalogical hear! candition 5 one of
the most lethal maniiestations of cardiovascular
dizeases. Acuie myocardial Infarction or hean
attack ocours when blogd st Towing to part of
Ihe heart leading to njury to the hearn musclhs
tue to tha facl the hoar i not roceiving enough
oEvgen [5-9),

ltoprotersnal - [1-(3, A—dlihydroxyphenyl)-a—
izopropylaminoethano hydrochloride] (150} a
synihetic  catecholamine js = F-adrunergic

agonisl lhat is very important In the regulation of
myacardial confractility and melabolizm. It sorves
=% & standard model for the stucy of polantially
beneficial effecls of NMUMETGUE drugs on cardiao
lunction [10,11]. 150 indyces myocardial injury in
rat bucause of the alieration In the physiological
balancs bolween production of fres radicals ang
anficxidalive deferncy s¥slem [12]. W ihus causes
the acuie condition of myccardial necrosiz, which
call lead fo cardige dvslunclions, Increased
lipid poeroxidation, altered aclviies of cardiac
Enrymes and anlbinsldants [13], |1 has been

obsorved  lhat  the pathophysiological  and
marpholagical changes obeoryed In 1S0-treatad
rals are similar to those chserved in hurman M)
[14].

Emalaprll  an AngJuEEnsln-cun'-'l.:rl.ing-b'r:tzf.lme
inhibitor (ACE inhitdlor) is a drug usad primarily
for the freafment of high blood pressure and
cangestivie heart fzilure whors it can b used

alone  ar  in combination with  alher
antihyperensive agents, ACE inhifitors  hava
Alio besn found to be useful for alher

cardiovascular gnd kidney diseases including
Ehed | myocardial infarclion, diabetic
nephropathy, and cardiac  failuro {13]. The
mechanism of actlon of ACE inhibitors invalves
reduction of the achivity of the renin=angiotensin-
aAldosterana syslem (FRAAS) [18].

In recent fimes, a noval slralegy has besn
employed in drug distovery. I is the use of
krown and approved drugs and compounds far
newer  indications.  This s termod crug
repurpozing. In His sludy, l=opraterznal was
used to induce acute myncardial infarction ang
enalapril was then peed 1o amelicrate his and
then lo s2e i it could serve as g rapurposed drug
far myocardial infarction.

2. MATERIALS AND METHODS

2.1 Chemicals and Reageonts

lsopreterancl, enafapril,  Tween BD, Biureit's
raagent, hiydrogen peroxide, hydrochloric acid,
silphuric  acid,  svienol arange,  poiassium
dichremate, C-diaziniding, =sodiym Folassiem
tartrate, copper sulphate, ethanel, endium azide,
2-glichloro-4-nitrobanzens {CDMNA) Groiss
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reagent, phosphoric acid, sodiam hydroxide, N 1-
naphthy| eth:.-fen-::diamine, suiphanilarmide,
distilad  walar, phosphate  bulfer saling,
credlining reagent, copper sulphate, i ghicro
E0alate, reducea glutzthione {55H),
thicharbituric  Acld (TBA), Wichloroacelic acig
VTCAL  ammaonium fermous sulphate, glagial
dcelis acid, polassium iodide, sorbital, EBman's
reagent (DTNE). ethanol, urea reagant. All olher
chemicals used ware of analyiical grade and
atfalned  from  Britisy DOrug  Houses {Foole,
Dorset, UKL Al other chormicals, refgenis and
drugs used wore of analylical grade.

2.2 Experimental Animals

Al wxpariments  ang Prolocols  described in
present  study  wors doproved by dho Lj-
ACUREC, Twenty ang (21} male Wistar rats
weinhing betwiean 90 ko160 g were ohlained from
the Experimentzl animal unit of thie Faculty af
Voterinary Medicing, University of lhadan far th
BrEpEiment They wers sllowed free access fo
Sandard rat pellets and frash water &g fililum,
Tha rals were housed in lhe animal house unit of
lhe Deparmeni of Velerinary Fharmacology and
Toxicology, Universily of Ibadan with g 12 hour
light duralian, Pre-conditicning of the rafs WHS
done for two weeks before Commencement af
the cxperiment, The institutional zpproval was
given o this stugddy and the number |s L=
ACUREC/ApR/2016/1030

2.3 Cardioprotective Study

The animais were g ndamiy divided Into throe [3)
Qroups with seven {7} animals in egch areup, and
the lreatment was ge follow: Animals in he
control (growp A) were administerad ngrmal
saline, group B: isoproterenal af BS mg/kg, while
group Canirmals were pretraated with arealapril
orzlly (10 ma'kg) for 7 days and thereafter
adminlslared 150 {85 malkg) subculaneaysly on
day & and 9. Blood pressure valuss of all the
=nimals wers carried out o day 10, Al the gnd of
the exparimortal perod, blood samples wers
collested for hagmatalogy and serum chemislny
bafore the ratz were sacrificod by cervcal
dislocation. The serum in plain botlles wae
fapidly  cenlrifuged at 4000 revelutions er
minute  {rpemd for fifleen (15) minutes and
processed for delsmination el sgrum
myaloperoxidasa, (oial protein, and xanthing
oxidase, AST, ALT and nilrig oxide. The hoart
of each rat was carefully  removed  ang
homogenized on ice angd then used ta assay lor

fome oxidative stress markers and antioxidant
parameters. Bassline cardlovascular pfameters
wore obtaingd prior (o the commanaement af the
asperimant. The sguiprent u=2d was a non-
invasive lail culf BO manitor, the B-channel
CODA blnod prassyes manitar for rats and mics.
The hasmadynamis parameters assessad ware:
Lthe svstolic biood pressure {3EP), diastolic blapd
pressure (DEP), and mean  arerizl bressune
iMAP) and  were determined indirectly  in
nenanassthesised rats, by tai plethysmography
with the wse of an uvlactiesphygnomanomater
(CODA, Kent Scientilic, USA). The averags of gt
least nine most consistent readings, laken in the
qulescant siate, following acclimalization, was
recorded per animal,

Blood  samples for  sprum chemistry  wers
Calizctzd from the rats through retro-cebital vain
@ller which the animgie WETD  sacrificed by
cervical dislocstlan.

2.4 Preparation of Tissuo Hog mogenate

The hearl lissues of the rals ware hamnvosted an
Ice, rinsed with normal saling and hamogenized
in Z0uecus potassium bufer (0.1 M, pH 7.4) ang
the homogenate centrifuged at 12,000 rom 41
for 15 min to cbtain 1he Supemalant fraclion,

2.5 Determination of Biochemical Aszay

Biural method as describad by Gornal ol &l [17]
was Used to determine the FIHsn concentrations
of the varlous samples with a slight madification,
To prevent precipitation of Cu™ jons as CLDIGUS
Oxide  potagsium  jodide Was added to the
reagent. Ta determing the concaniration  of
reducad glutathivne the melhod af Beutler st al.
8] was usod  while glutathione  peroxidase
(GPX} activity was measured by the methad of
Raotruck ol al, [19]. in this case, hydrogaen
peroxide was used gs subslrate o nuidize
reduced glutathione o cxidized glutathione
{GE5G). Estimalion of Glutathiong S-fransfersse
VGET) was by the mathod of Habig =t al. [20]
using 1-chlaro-2, s-dinlrobenzene as subsirats,
Superoxide dismylase {500} assay on the othar
hand was carried out by the methad af Misrs and
Fridowvich [21]. MDA, wontent was measured in he
heart as an index of lipid  peraxidation [22].
Hydrogen perguide generalion was measwod
using Wolf's |23] method while the delamination
of Sullbydryl {Thiol) conlent was by-the mathog
of Eliman [24], Witric axice wWas quanlifed as
[reviously describad i24].
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2.6 Histopathology

Small skces of the heart wera collected in 90%
bulfered fermalin for praper fxation and after he
lissues have been precessed and embedded in
paraflin wax, sections that were about 55 pm
thick were made andg stained with haamaloxylin
and eos=ln for histopathological examination [Z8].
2.7 !mmunuhismchemjstry of Cardiac
Troponins-1, CRP and IL-10

The heart tissuazs obtained fram the rats wara
parafiin - embedded  and  then used o
imn'eun-:-h!stn:hemistr',-. Parallin seclions werp
muolted al 6073 in the oven but The dewsaxing of
The samples in aylene was folloveod by paszage
through  ethanol of decreasing  concentration
(T00-B0%).  Peroxidsssa fuenching In 3%
HyQz'methanal was carad aut wilk SUb=aquont
antigen  refrisval performed  hy Misfgyrave
heating in 0.01 M citrate bufter {pH .0} 1o ball.
All tha sections were blocked In normal goat
serum (10%, HistoMark®™, KPL, Gaithe rsburg MO,
USA) and probed with cardiae troponing 1, CRE
antibady and 1 IL-100 (Abclonal®), 1:375 for 18 1
in & refrigeralor. Delzcton of hound anbboddy was
carrisd out using Biotinylated (goat anti-rabhi,
2,0 paim) secondary anlibody ang subseguent|y,
Slreptavidin perxidasn {Iorsg Radish
Peroxidase- slreptaviding according o

maulsclurer's  protocol  (Histobdark®, KPL,
Gaithersburg MO, LISA),
Diaminobenzidine (0AB, Amresca® USA) was

used 1 enhance the reaction Fraduct fer 6 — 10
min and  counterstained  with high  definition
haumataxylin (Enzo®. MY - USA) and was
hereafler dehydrated in ethanal, onee he zlides
A=l vovered with cover slips, thay ware seafad
with resinous  sclition. The fmrunerezclive
Dusitive expression of CR2, cardian troponin and
IL-10E intensive regions werg viewed slarfing
from low maanilization on each slice then with
400 = mmzgnilications using a phata microscope
(Qlvmpus) and o digital camera (Taupcam®,
Touptak Phioinnics, Zhujiang, China).

£.8 Statlstical Analysis

All values were urpressad 8s mean + slandarg
deviation (2D). The tost of significance betwesn
o groups was esfimated by Student's I-test,
One-way Analysis of Varignoe LAMOVA) with
Tukey's post-hoc tas| using Graph pad prism 5.0
was also performed  with p-ealues = 005
considered statistically signilicant

3. RESULTS

in Lhis study, [50 caysed signilicant decreases in
Ihe levels of SEP, DBP and MAP while analapril
(EMA) caused significant increase though not to
the same sxient as the contral {Figs. 1-3), The
results of hzematological analysis shawed that
150 caused significant incroases in the lovels ol
WEC, POV, MOV and MCH whils EMA caused
sighificant decrease in WED and no changes
felative to S0 (Table 1. 150 aslsn cauzed
sgnlficant increases in Lhe fevele of AST and
ALT while EMA causeq significant docreases in
the levels of those gnzymes. On tha ather hand,
whitez 130 causad signficant docrease in the
level of NO, ENA caused significant increase
(Table 2). 150 causad significant increases in the
lovels of cxidalive markers such as MDA, HO.
and MPO  while EpNa Caused  significant
decraases in the levels of ese markers in a
similar fashion o the control {Figs. 4-8). Again,
wiille 13C caused significant decrease in lhe
levels of prefeln fhials and non-prolein thials,
EMA caused o significant increzse in he lovels of
thess rmolecilas (Figs. 7 and 8). The regult Elsa
shiwead that 150 caused sighificant dacreasa jn
the levels of anli-oxidant markers such as 500,
GPx, G5T and GSH b faverse is the case lor
ENA [Figs. 2-12). Histopathological examinations
showed hat while thers is severs infilfration of
inflammztary c2lis inlo the cardiac tissue, thore
was no visisle lesion seen in the ENA ang colbrol
Joups (Fig. 13). The Imrmunohistochemica)
analysis  showsd  thal  there  wers high
expressions of cardiae lroponin &nd CRP In 150
group but fower expression of thesa prolsins in
ENA and contral group (Figs. 14 and 15). In the
case of IL-100, there was low expression af this
protein in 1SC group but higher expressicn In
EMA and control graup Fig. 183,

4. DISCUSSION

Myocardial infarction (MI}). one of the maln
tauses of dealh from cardiovaseular diseaze i
defined as an acule condifion of necrosis of the
myocarcium  and it oocurs 25 oa  resyd il
Imbalance belwaen coranary biood supply and
myncardial demand [27). Ml s known lo cause
local indammation and dpoptosis and this can
result  in cardiomyocyta damago [28]. (50
induces  cardiao necrosis by soveral
mechanisms, meheding increasod QRlgeEn
conswimpiion, ooor cxygen ulilization, incrazsed
calsium  averload  and accumulation, alered
rmiyacardial cell metabofism, increased
myocardisl cAMP  |ovels, deranged electrohie
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milley,  allered  membrans pormenbility,  that ooourred in heart fallowing iscprolarencl
inbracetlular acidosis, and incrzased levels of lipid  administralion in rals are comparable to those
peroxidos [11]. The pathophysislogical changes taking place in human myocardial infarction [29].
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Fig. 1. Effect of enatapril on SBP in Iseproterenel induced myecardial Infarction using rats as
a model. The superscript 'a’ showed that 150 caused significant deerease when compared to
contrel while superscript 'b* showed slgnificant docrease when compared with ENA (n=T)
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Fig. 2, Effect of enalapril on DEF in Isoproterenol induged myocardial Infarction using rats as
8 model. The superscript ‘a' showed that IS0 caused signlficant decrease in the level of this
parameter compared to control while 'b' showed that ENA caused significant increase relative
ta control and IS0 groups {n=T)
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Fig. 3, Effect of enalapril MAP In isoprotarensl-induced myocardial infarction uslhg rats as a

model. The superscripts showed that 150 caused signlflcant decrease relative to ENA and
contral groups (naT)
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Fig. 4. Effect of enalapril on lipid peroxidation in isoproterenol-induced myocardial Infarction
using rats 8s a model [n=5). Values are presented as mean i standard deviation, Grp A
{Contral), Grp B (IS0 treated only), Grp C (ENA+ 85 mg'ky IS0). The superscript (a) shawed
that 150 caused significant decrease in the level of this parameter compared o control while
(b} showed that ENA caused signifleant increase rolative to contral and IS0 groups
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Table 1. Effacta of enalapril on RBC, WHC, HE, PCV, MOV, MCH and MCHC In isoproterenal-
induced myecardial infarction using rats as a mede| (n = T)

_Parameters Control IS0 Enalapril
REC (101201 4.75440.00 4.9640.43 5.03+0.63
WBC (103fL) 5.47+0.38 B.71%1.13" 4. 684168 "
HB (o) 13.33+1.40 15,151,584 14,9541.62
PCV {36} 45.754 B5 54.2524,757 20252310
BACA {F1) #3.88+9.03 127.353230 122 BE.BT+2% 76
MEH [pg) 264143 48 A8 E418.08 ° 26,0942 25
MCHC {%) 29.9722 05 274122 38 30,7942 .37

Values srs thean £ 50, 1 =3, '~ g = 0.05 Caitparsd vallh conticl, T - = 008 comoared with 150
The superserior (2} showed thef IS0 couspg pilicant decraase in the feval of this nErEmelar comparad o
comirol wily b 2howed thal ENA caused siprificant increass relative is contral ano IE0 groups

Table 2. Effects of enalapril on ALT, AST and NO in isoproteranaol-nduced myacardial
Infarctlan uslng rats as a madal n=7)

_Parameters Control 30 Enalaprii
ALT 14.5120.02 14.6720.05 14,410 057
AST 19.91:0.01 19,97+0.02° 19.8720,02 %
NO 4.110.GE 1.72+0.47° 2ETH), 1%

Values are imoan = S0 =5, *- pe 005 cormpared Wil coniral, ™ - p< D08 comparad wih 180
The supersoript ‘9’ showed fhar W30 sausod significant decresse in the level of this paramelpr conipired fo
control wiiifp ‘b’ showsd tal ENA rapzes significient incregse relalive fo contral g 150 grovigs
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Fig. 5. Effect of ¢nalapril on hydrogen perexide generatlan in Isoproterenol-induced
myocardial infarction uging rats as a mode| {n=35}. Values are presented ag mean * standard
devialion. Superseript *a° Indicatos significant difference {F= 0.05} when compared with
control (Grp A), whereas superscript 'b' indicates signiflcant difference {p < 0.05) when
coinpared with 150 reated only (Grp B). Grp A& (Contral), Grp B (ISO traated enly), Grp C
(ENA+ 85 mglkg I50)
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Fig. 6. Effect of enalapril on Myeloperoxidase [n isoproterenal-inducad myacardlsl infarction
using rats as a modal (n=E). The Suparscript 'a’ showed that IS0 caysad slgnificant inerease In
the lovel of this parametar whan compared to the control and ENA groups
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Fig. 7. Effect of ¢nalapril on proteln thiol in iseproteren ol-induced myocardial infarction usimg
rats as a modal [n=5]. Values arg presonted as mean * standard deviation, Fuperscript *a*
indicates significant difference (P=0.05) when compared with cantrol (Grp A), whereas
suporscript 'b? Indicatos significant difference ip<0.05) whon compared with [0 treatad only
(Grp B). Grp A {Centrol), Grp B {I50 treated only), Grp G (ENA+ 85 mglkg 130)
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Fig. 8. Effact of gn alapril an nan-protein thig| in isupruteranul-jnduced myocardial infarction
uging rats as g madel {n=5). Values are Presented as moan £ standard deviatlon, Superscript
‘a" Indicates slgniflcant difference (P=0.05) when carpared with control (Grp A), whereas
SUpErscript 'b' Indicates sighificant difference (P=0.05) when compared with 150 treateq oty
(Grp B). Grp A (Cantral}, Grp B (IS0 freated only), Grp C (ENA+ 85 moikg I50)
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Fig. 8. Effect of enalapril on superoxide dismutase tnzyme |n fsgpraterenol-inducad
Mmyocardial Infarction in=5). Values are Presented as mean * standard deviation, Superzeript
‘8" indicales significant difference (p<0.05) whan compared with control {Grp A), whereas
SUperscript °b' indicatgs significant difference {p<0.05} when tompared with 150 frestod aniy
(Grp B). Grp A {Centrol), Grp B {150 treated ohily), Grp C (EMA+ BS imgikg 150)
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Fig. 10. Effact of analapril on glutathione paroxldase enzyme |n isopraterenel-inducad
myocardlal infarction using rats as a madel (n=5). Values are presented as mean £ standard
deviation. Superseript ‘3’ indicates slgnificant difference (p< 0.05} when compared with
control (Grp A), whergas suparscript 'b' indicates significant difference {P=0.05) when
compared with 130 treated only (Grp B). Grp A (Contral), Grp B (IS0 treated enly), Grp C
(ENA+ 85 ma/kg IS o]
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Fig. 11. Effoct of anala isoproterencl-induced
myacardial infarction u nted as mean + standard
deviation Superscript i hen compared with control
{Grp A}, whereas Superscripl ‘B <0.05) whon compared with
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Fig. 12. Effoct of enalapril on reduced glutathione in isoproterenol-induced myacardlal
infarction wsing rats as a mocdal (n=5}. Values are prese
Superscript 'a° Indicates significant difference {p=D0.05) when comparod wilth contrel (Grp A,
whereas suparscript 'b" Indicates significant difference {p<D.05) when compared with IS0
treated only (Grp B). Grp A (Control), Grp B (150 treated only), Grp C (ENA+ 85 malkg 150)

Fig. 13, The photomicrograph of heart from isoproterenal-inducead myocardial infarction using
rats ac a model, A [Contral) shows na visible lasion, B {150} shows severe infiltratlon of
Inflammatory cells, G {enalapril) shows no visible lesion, The slides ware with H & E. Maq,
=400

b
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Fig. 14, Immunehistochamis
myocardial infarction rats.,
shaws higher axpression
than B {IS0). The slides

try of cardias trapanin in heart of iscproterenc| Induced

A (Control): show positive and low expression of CTnl, B (130):
of CTnl than control, © tenalapril) shows lower exprassion of CTnl
Were counterstained with high definitlon haematoxylin. Mag. x100

Fig. 13, Immunchistochemistry of c-
myocardial Infarction rats, A (Contral):
shows higher expression of CRP than o
than B (I50). Tho slides were counters

reacling protain in heart of izoproterenal induced
show positive and low expression of CRP, B {I50}:
entrol, C (enalapril] shows lower oexpresslon of CRP
1ained with high definition hacmatoxylin. Mag, x100
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Infibitars  are
gration of the

Angictensin converting  anzyme
known b prevenl belh ihe gen
Folent  vasoconstrictor anglotensin )| ang
degradafion  of  the powerful  vasadilaior
bragykinin,d which  promotes endathalizl  call
reluase of MO [30]. (1 this studly, rats lraated with
150 had significant decroases in bleod pressune
parzmeters (580, DBP  ang MAF)  when
eIMpared with ke conirols. This was howaver
provented in the EMA-froeated group, There have
been asrller repors gf hypolension in sublecis
with acule myocardial infarction [31.32), From
this study, it was interesting to ehseno thay EMA,
2 known anlihyperensive drug, was able |o
presemve he Iood pressure moasurements of
I5C-treatad rais comparablz to the controls. This
mighl have been a consequence of its ability 1o
Previent  rmyocardial  infarclion, Siudies  have
actuzlly shown that ACEl: have bean used in the
manzgemenl of myocardial infarciion [33,34.35).
lsoprotarenal, a H-adrenergic agonist is Friowin Lo
Froduce siress in the myocardium due Lo the
guneralion of fres radicals by jts Aulo-oxidation,
Some of the mechanisms Proposed 1o oxplain its
damage lo cardiae myzcyles include Cofonary
hypotension, czlcium averload, hypoxia, EnEy

-10 in heart of isapraterenal
and hlgher expreszsion of IL-1

13

induced myocardial
0, B (150): shows
gion of IL-10 than B

deplztion and  excessive production of fros
radicals 55 a result of calechaolaming auloxidation
[36.37,28). The significant dacrease in the levels
of systofic, diastalic and mean artzrial pressure
may lzad to corcnary hypotension as seen in this
study. In a study by Owens and O'Brien [39], it
was concleded thal in patients sufiering wilh
schaemic  heart  dizease and hypatansion,
eymplomalic snd silent ischasmia occurred in g
temporally  causal relation with  hypatension,
particularly for diastolic Prossures. It lhus
suggasis that palionts with Laronary disease may
be susceplible to ischasmic avents that could be
Incurred as a resul of low Blood pressure. The
analapnl used in this Sludy was able fo reslore
the  hasmodynamic changes  ceyused by
Isoproierenal indicaling ils abifty 1o prolact
@0ainst establishmont of ryecardizl infarction.

I this study, the resuls of hazmalological
analysic showed that 150 caused  significant
increass in the lovels of WBC, POV, MOV ang
MCH while EMA caused significant decrease in
WEC and no changes In the srythrooyvle indices
refalive to control, The increase in the lavel of
WEBC could be explained in terms of necrosis
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caused by (50 lzading to white blood ci
mohilization [11]. The significant raduction in he
l=vel of this parameater by enalzpril cowld also be
== 828 s shifly to counteract the taxic effect of
isoprateranc,

The toxican! alse caused significant increase in
the lovels of AST ang ALT while ENA caused
sigrificant  decreass in fe levels of [Rese
Snzymos. In heart fallure, the heart bas an
impalred ability o deliver blzod 1o the body aind
may in the process afects the kidney and llver,
The liver can bacome dysfunctional, and ffver
anzymes can be released Inlo the blang [0, it
thus means that he Incressos neled for the liver
BRZymes in this stiudy implied 1hat isoprotersnol
“ould  impair liver functions  and  this Was
tounicractzd by enalapr indlcating lhat enatapril
has beneficial effect beyond being an ace
inhihitor,

It was also observed thal 150 caused significant
decrease in the level of MO While ENA causeq
significant increase . Milric axide (KO} is known Lo
play important functiona! roles in a varigly of
Fhysiological systerms. For instance within the
vasculature, MO indyces vasodliation, inhibits
Platelat aggragation, prevents neutrophilplaleles
adhesion o endotholial cells, inhibits smooth
muscle coll profiferalion and migration, regulates
Frogrammed  coll  dealh {apoplosls)  and
malnlzing endothelial calf barrier function 41,
Nilric oxide (NO) is known 1o b deficient In
chronic pregressive renal dizeasze (CRO} and in
and-stage renal disease (ESRD) [42,473] and this
could result fram frgininsa deliciency [#4] which
may be coused by & loss of funictional renzl
mass,  Inereased endogenous MO synihase
(NDS) Inhibitors that accumulate in ranal failyre
144), andlor oiher CAUEEE, such as incressod
oxitlant shross [45). Low MO prodluction may alsn
coflribule to andior Exacurbate the progressing
af CRD By both hemodynamis an ranal growth-
promoling schons [48). it should sleq be noled
that NO blockade can lead ¥ increased blong
RrEssufe  and  atlenuated  or delayed  the
hypotensive effec] of qp ACE inhibitars [47], ACE
inhibitors such as enalapril also augmenl the
hemodynamic vasedilatr aclion of bradykinin
48], The Increased |oyel of N in this study
due  fo enzlapril may  lerther  alfirm g
antihypertonzive properly ang hence
cardioprotective eflect,

150 caused significant increase in the levals al
axidative slress markers such as MDA, H.05 and
MPO while ENA caysed significant docraase in
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tho levals of these markers in A similar fashion fo
the confral. Quidative EWess  constihules  an
aiteralion produced by diseqguilibrlum belween
gencration of free  radicgls FR) and the
antioxidant evstem, which can leqd ta a damago
slats, in particidar of the Blemalecylss [42,50,51,
22,53, FR genesrales fha lpid  peroxdation
FFOCEES in an arganism with malondialdghyds
(MDA) leval used as a marker of axidative siress
[54]. Myeloperaxidass {MPO) iz abundant in the
granules of inflammatory cells and it I5 an
important enzyme in the generalion of reactive
BEYGER species (ROS) [53.56,57]. Hydrogen
peroxide (Ha0.), an ROS marker has heen
sudnested as a8 mediator of vassular structural
ardd  funclional  allerations chservod  n
hypenension [58.59,60,51 B2]. The reduction of
these oxidative markers by enalapril s a palriler
bo its ahility 4o suavenge the radicals generated
by the loxicant and it thys showed that enzlapr
has anti-oxidzant activity. In fact, De Cavanagh et
al. [B3] reparted that enalapril inhibits free radical
formation znd attenuates oxidalive siress and
dl=0 prevents damage lo the fyar and kidney
This was further confirmad by the ability of thic
ACE inhibitor 1o increaze the l=vels of anboxidant
crzymes such as SO0, GPx, GST and G3H
evaluated in this study. This view ig clearly
supported by 8 sludy carfed out by Chandra e
al, (@], where it was concluded Lhat gralzpril
has anli-oxidative propefly and thiz may have
been  responsibls for  its cardioprolecive
RIUperty. As a maller of fact, ENA caused a
significant increase in the levels af protein thiols
and non-protzin thials further confirming its anti-
coudant property. The thiol com pounds lunctics in
the maintenance of cellular rodox balance ang
thelr play imporant role in controlling oxidadive
sliuss [63,66,67).

Cells have avolvod severs|
aimed  at the deloxification of RS with
glutathicne redox cycle as one of the mejor
Frolective systems egainst oxidant damagea. This
oycle composed of the EnZymas glutathione
peroxidaze  (GFx} and glutathione  reductase
(CESG-Rd} znd |he co-substrates glytathione
and NADPH [G8) Glutalhione is the meast
abundant non-pratein intracaliular thial, and has
a mulliple role as an snticxidant agen| [=4].
Thauvgh  the mechanismys) underlving  the
enhancement of alulathione and glulathione-
fulatzd enzymas by AGE fomaing unknown,
however, lissue glutathions lpvels and GS5G-Rd
and GPx zcfivilias have besn shaown 0 increase
N respanze (o exparimentally induced nxidative
stress [70).

anticxkdant strategles
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In lhis  study, Rlslopalhalogical eXAMminations
fhowed that while thers was severe infiltration of
nflammatory colis inlo the cardiac lssue of tho
150 group, thore was ng vislble lesion seen in
the EMA and contro graups (Fig. 13). This
increasa In the inflammatory culls may lava
bean responsible for the Increasa in the levals al
WEBC nated in this sludy {Table 1). 1t showld b
noled that the iscoroterengl-inducad myocardisl
alteralions are similar in cerlzin respecls o thoge
Seewming in hurnan beings following @ myacardia)
infarction [71]. It is thought thal the F-adrenergic
cardioslimulatary aolivily  saerod by 150
increases cardlos oxldative metabelism to a lewvel
thal exceeds the amount of axvEEn available fo
the myocytes thraugh the unobstricted Goronary
circulzlion, The zreg  of the heart  meost
suaceptible to hypoxia caused by tachycardia
ppB2Es o be the ek venircular
subendocardiom (72,73 Myocyte damage
observed lollowing exposure 1o 150 inciudas
both apoptosiz and NEcrasis [F4]. Inthe study an
the isoproteronal-nduced myocardial damage, i
was discovered hat the cardiae lzslons varieg
wilth trealmenl duration and doses and thal
NUmerous mzerophages wora observed in tha
necrolic areas [75]. In our study, analapril did not
shew any vizile cardiac lissue damage possibly
through its abifity 1o Prevant call infillration thus
Frevenling apoptosis and necnoss,

Thu immunchistochemical an
there were high CEAFLSEIoNS
and CRP in 130 group but lower exprassion of
thess prolains in Ena and conlrol groups {Figs.
1¢ and 15}, In the case of IL-10B, there was |ow
expression of ihis pratein in 120 group but higher
Bxpressicn in ENA and control aroups (Fig. 16).
Cardiae froponing are fogqulalory proteins within
the  myocardium  that are released intg |he
circulztion when damage to the myoovie has
tcarred.  Therefore,  samm fropanin s an
uxqulsitely sansiliva marker of myocardial fnjury
and is necossary for establishing the diagnosis of
ME[TEFT.7E). This sty has shown that 150
caused mycardlal injury with upreguiztion of this
binmarker, On the othor  hand, ke down
regulation of cardiac tropanin by ENA also
showed thal this drug has abllity o prodect
against myocardial injury in rats,

alysiz showod thal
of cardiae fropanin

C-reactive protein [CRE
pracipilate the  somalic
Siroptoroccis PRelnania,
Fhase  profwin
arfuisitaly

I has tha capacity o
C-polysaccharide  of
It was the first douba.
o be described and s an
Sensifive  systemic  marker of
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mflammation and tiseue damage [79), I 5 a
knocwn fact thal lissye Nesrosis 5 2 potent cute-
phase stimulus, In myocardial infarction, there iz
8 majer CRP response with tha magnitude of 1his
rB3panse indicaling the extant of myocardial
necrosis [80) In &l zcute myacardial infarcts,
CRP Is co-deposited with activated complement
(B1,82], and research findings have shawn thal
the CRF response diyg net only reflects fissys
damage in this context bt zlzo maEy actually
cuntribute significantly 4o the soverity of ischamie
myacardial injury (B3], The lovearing of the leve
of CRP in this sludy Dy ENA i3 a pointor o e
ability to halt cardiovasculsr dizzaza honce
cardioprolective effack through it2 anbi-nxidant
and anti-inflammatory properties,

Imn1uw:-hlstu-:he;.-i-islr:,' in his  sludy  furdher
showed Lhat EMA caused increased lovel of |L-
12, L1108 is a The-type cytokine that I5
procuced by & wide range of immunological cell
tpas, Including mofacytes/macrophages, and it
5 & potenl inhibitor of tha proinflammatary
cylokinzgs and chemokines [B9]. Btudies have
shown that endogenous 1L-10 limids angictensin
I [ANG  I)snadigted oxidalive  sfress,
inflammation and vascular dysfunction bath in
Wi and in v, indicating a prolectha actlan of
IL-10 in vascular dizeases such as  arlarial
fyperlension [85). As 3 maller of fagd, IL-10
allenuates the incregses i VEFLUlEr superaxids
and endathelial dyvsfunction during dlabetes zng
glherosclerosis [85,87]. In the samg way, it could
be =ugaoested that |L-10 might be a mediatar of
cardiac protection against arterlal hyperleansion. It
lhus shows that (he cardioprotective eflact of
endlaprl may alsg ba lirked to ils  ang-
inflammztony properly  as - shown by the up
regulalion of IL-10,

5. CONCLUSION

In conclusicn, Lhis sludy  has  chown  tha
enalapril, an ACE inhibitgs has cardioprofective
Froperlies, which it exhibitag through iz znidi-
oxidarnl, anbi-inflammatory  and anti-apontatic
effects. s gnlikynertansiva property ic alsg
exhibited thraugh ite nigrie axide increqsing ity
leading to vasadilalion and hence decreases in
Fenpheral resistance,

ETHICAL APPROVAL

AS pEr  internationg! standard  or university
slandard elhical approval has been collecied and
Presarved by the authors,



Atteuye af al; WECRR, A3 170 20417 Articks Mo IEGRR 25495

ACKNOWLEDGEMENT

This  study was

supported  with g aranfk

fTETFUNEI-"DESSJ'NHF;'L.I!IEI-'-.DAH."S'I'I.'".-'DL.
1/22.20.11) received from the Mational Rezearch
Foundation of tha Toerfiary Education Trust Fund
{TETFLIMND}, Migeria,

COMPETING INTERESTS

Aulhors  Rave declared  dhat

no  compating

interesls exjel

REFERENCES

1.

[
h

o,

Murray CJ, Lopezr AD. Global burden aof
disease and Injury series, Global Health
Slatistics,  Boeton: Harvard School of
Fublic Health 1998:1-1|.

Galica D, Chiong M, Lavanders 5 and
Fllensky DJ, Malecular mechanisms  of
autophagy in the cardiovascular Eysiem.
Circulatinn Research, 20151163} 456-
57,

Iinz Sk, Rohman ZH, Dogar W, Jahan i,
Hameed 21, Khan K, ahmad K, Mukhiar
and Valoom EE. Cardioprolective efpct of
gemmotharzpautically  {rote Wiltkaria
somiilers  zgalnel chamically  inducad
myacardial injury. Pak J Bat 2010:42:
14871495,

Boudina 3, Laciau MM, Tarpsse [
Alteration of milochondria| unclicn in a
model o chronic fschemiy in vive Inret
heart, American Journal af Prvsiology—
Hearnd and Circulalory FPhysiology. 2002
2823 HE21-Hasa1,

Maohanty DS, Arya A, Dinda Kk, Talwar 5,
Joshi and Gupra sK Mechanizms of
cardipproteclive  affect  oF Withania
sominifera  in axpenmenlally  induced
myocardial Infarction. Basic and Clinical
Phzrmacology & Toxicology, 2002:84(4):
154120,

Sabesna Famvin KM, Anandar R, Kumar
=H3,  Shiny K5, Sankar ™ ang
Thankappan TK. Effect of equalens on
lizsue defenso system |n isoproteranal-
induced  myocardal infarciion  in rars,
Phamacological  Research, 2004;50{3):
231-23E,

Abel BO. Glucose Iransport in the hearl
Frant Bioaci. 2004:9-201 -215.

Stanley WC, Rucchig FA, Lopaschuk GD,
Myocardial substrale metabolism in the

10

11.

13,

18.

17,

TH.

normal &nd fziling hear,
200585 1083—1129.

Magoshi T, Yoshimura M, Giuseppe M,
Fasano C, Gary D, Lopaschuk © and
Moshizuki &, Optimization af  ecarglac

Physiol Rew.

metabolism  in  head  f=iy re. Curreni
Pharmaceylical Design.  2011:17:3845.
3553,

Woxlar BC. Myocardial infarction in voung
Vorsus old male rots: Palhophysiclagical
changoes. Am Hear J, 1987,96:70-80.
Ehalii M1, Abmmed 1, Ahmed &, Tanvir EM,
Affor R, Pawl 3, Gan SH, Alam N,
Amelioration  aof isaproteranal-indyced
owidative damage in rat myacardium by
Withania somnffera leal axiract, BiaMex
Resvarch Internationa), Arlicla 2015, 1D
B24152, 10 pagas,

Rathore M, John 5, Kale b, Bhatnagar D.
Lipid  perosidation  and antioxicant
EMZymes in  isopraterenal  induced
oxidative stress in fat tiseues, Pharmacol
Res. 1998;38:297-303,

Banurjes SK, Sgod S, Dinda AK, Das Tk,
Maulik SK. Chronic ol adminisiration of
raw garlic profecls against Isoproterencl-
induced myocardisl necrosls in ral. Camp
Blachem Physinl, L003;Parl C138):377-
Jas,

Mirmala C, Puvanakrichnan M. Protoctive
role of curcumin Against  isoproferens|
Induced myocardial infaretion In rats, Kol
Cell Biochem. 199G, 159:85-93,

Jackson, Edwin k. Chapter 30. Renin and
Angiotensin,  |n Brunton, Laurence L.
Lazo, John & Parker, Keilh, Goodman &
Gilman's Tha Pharmacological Basic af
Therapeutics (11th ed) Mew  York:
MoGraw-Hill; 2008,

Wang W, McKinnie M, Farhan M, Paul M,
McDanald T, #Melean B, Llorens-Corlas o,
Hazra 5§, Murray AG, YVederzs JT, Ot
EY. Angiotensin converling enzymoe 2
metabolizes  and partially  inaglivates
Pyrap2lin-13 and apelin-17: Fhysiclogical
oifzcts in ke  cardigvascular aystam,
Hyporension. 201 B.68(2):365-377.

Gommal AG, Bardswill JC, Cavid M.
Delerminalion of serum preleins by means
ol Biurel rezclion, J Bigl Cham. 124%:477:
751056,

Bueller E, Duron 0, Kelly BM, lmproved
methad for dhe datarmination of blogd
glutalhione, J Lab Clin Mod. 1583;61:
B52a28,



19,

22

23,

24,

25,

2T

28

29,

30.

31,

Advaps el 2l UG0RS, SN 1-20, 017, Arliclo np LBCRE, 250085

Rofruck  JT, Pope AL, Ganther HE,
Swansocn AD, Hafeman DG, Houkstra WG,
Seleniu biochamieal rale as A companant

ol gltathione peoroxidase. Sei 1973170
93Beqn,

Habig WH, Pszhst KU, Jacoby wWa.
Slutathione-S-ranslorsse attivily:  The

BRZyimic  step  in mercapluric  acid
formation. J Bial Chem. 1874,249:130e0,
Mizra HP, Fridovich I. Tha role of
EUperoxide amion in the auloxidation of
epinephring and a  simple assay  far
superoxide dismutase. J Biol Cher, 1972
2471031702175,

Varshney 7, Male AK, Elect Ol calmedulin
2Magonists  on  radiafion  induced lipky
peroxidation in microsomes. intem J Bial
1590: 158 71349,

Walff SF. Ferraus lon cxldation in the
Fresence ol femic ion indicatgs mlened
orange for measurement of hydrogan
poroxides. Methods Enzymol. 1994-233:
18229,

Elfmtan GL. Tissup sulihydryl groups, Arch,
Sluchem. Biophys. 1959:82(1»70-77.
Clalzye SE, Adaramoye 4, Engbali FP.
Lead expozurs Increasos oxidative siress
in the gastric mucosa of HClgthanol-
txpoaed ratz. World J Gastroent, 2007:13:
G121-5126,

Drury R, Wallington E and Cancerson F.
Carleton's histological technique”, &% ey
Oxford Univarsity Press, Londom, 1976,
Bono  DP, Boon NA. Cicgases  of
cardiovascular  system. I Davidson's
Frinciples and Praclica of Medicina., Edited
by Edwards CRW, Boucheir |4 Horg
Fang:  Churehifl Livingstone.  1992-2449-
340,

Nian M, Lee F. Khaper N, Liu
P, Inflammatory cytakinas ant
peslmyocardial infarclion remodellng. Circ
Res, 2004;94:1543-1553,

Wang J, Bo H, Meng X, Wu Y, Baa ¥, Li Y,
A simple and fast experimental model ol
myocardizl pfarction in e mause, Tex
Heart Inst J. 2006;33,250-263,

Kerth Pa. Vanhoulle P, Effacts of
perindoprilat - on endothalium-dependant
relaxations and contractions in isclaied
blood vessels, am Hyperlans, 19914
2205-2345,

Wagner A, Hu | Bauersachs J, Karcher
J, Wisslar M, Goparaju SK, Kunos G and
Erll G, Endogenous cannabinaids meadiate
fyoelenszion afer experimental myorardial

T

33,

a4,

JG.

ar.

38,

40,

41,

Infarction. J Am Col Cardinl, 20013807
Z0aB-3054

Ohman EM, Nanas J, Stomel Al Losear
MA, Nislzen DW, O'Dea 0, Ragers FJ,
Harber O, Hudson MP, Fraulo E and Shaw
LK. Thrombolysis and counlarpuisation o
improve  survival in myacardial mfarction
complicated by hypotension and suspicted
cardicgenic shock or heart failure: Rosults
aof the TACTICS Trial J Thrombos
Thrambol, 200511 O71):33-39,

Hennekens CH, Albert CM, Godfrigg SL,
Gaziano JW, Burlrg JE, Adjunctive drug
therspy of acula myacsrdial  infarclion:
Evidency from dinical frials. N Engl J Med,
1596:335: 1650-1567.

ACEIMICG. Indications for ACE inhililors
Iri lhe early trealment of souts myocirdial
infarclion;  Systemztic  overviow ol
Individual data from 100,000 [ratients in
randamizad trizls, ALE Inkibitos
Myocardial Infarction Callabarative Group,
TI9B87(22) 22002212

Lubarsky L, Coplan ML,
Ar.;;lutanain—mnve:r!ing 2hEgyme  inhibitors
In =szute myocardial Infarclion: A clinical
approach.  Praventive Cordiclogy, 2007
10(3):156-159.

Fana &, Chappel Ci, Balazs T, Gaudiy R.
An infarcl-like myccardial lesion and alher
laxic manifiestalions: prodieced by
isoprotarenol In the rat. Arch Pathigl, 1955,
ThB:443-445.

Adameaova &, Abdallntif ¥, Dhalla NS, Rale
of excessive  amounts  of Circulating
calecholamines and  glucocoricoids i
siress-induced  heart  disease. Can J
Physiol Pharmaoal, 200 BT -A03-514
Upaganlawar A Ealaraman R
Cardioprotective  eflocts  of Laganans
siceraria  fruit |uice  on isOprotersnol-
induced  myocardial irfarction in Wistar
rals: A biochemical and histozrchiteclure
study. J Young Pharmacisls. 2011;3:297-
303,

Cwens P, OBren E Mypotension |n
patients  with  coronary  disease:  Can
profound  hypolensive  events CiUES
myacardial ischaemic evenls? Heasl, 19593,
B2ATT—181.

Maclariane PS, Raid B and Callander R.
Pathology llustrated. nt Student 5° Eq
Churchill Livingslone, London, 2000;179-
58,

Roageli M, Kalisr P, Dubey RK, Role af
niffic axide in the bialogy, physiology and



[£]
o

Adharee B8 al; BCEE, 200210 7-E30, 7T Articda ng LECRR 2N435

pathophysiology of reproduction. FHuman
Reproduclion Updata, 1998;4(1 ):3-24.
Vallance P, Leone A, Calver A, Collipr J,
Moncoda 5. Actumulation  of ap
endogenous  [nkibitor  of fMilric  axidea
sYnthesis in chronic repal failure, Lancot,
1982: 3539572575,

Reyes AL, Kar [E, Klahr 5. Rale of
arginine in health and in renal disease. Am
J Fruysinl, 1994 367 -FA31-FI4E.

Morris Shd Jr. Regulation of 2hzymes of
urea and arginine synthpsis, Annu Ray
MU, 1992:1 281101

Vaziri ND, Ovelisi F, Ding ¥, Role of
Incredsad oxygen freo radies| aclivity in the
pathogenssis  of  uremic fiyperlension.
Hldney Int. 1998531 Fan—q7vs4.

Zatz R and Baylis C, Chnonic nitfiz oxide
inhibltion  model  six ¥Bars  on, Ray
Hyperdens, 1 998:32: 058064,

Cacholairg W, Soksklbars T, Masjlesti A
Kinins, nitic oxide, and (he Mypoensive
affect  of captopril  and ramigrilat  in
hypertension, Hypertension, 1992:19;138-
145

Bonner 3, Prajs 3, Schunk U, Toussaint C,
Kaufmann Wy, Homodynamic eflects of
Cradykinin oo systemic and pulmeonany
circulalion i healthy  zng hyparensive
humans, J Cardiguger Pharmacol. 1897
15(3uppl 6):545-555,

Touyz RM. Diddative siregs znd vascular
damage  in hypertension.  Current
hyparension Reports. 2000520 1):98—103,
Wilcox 5. Feactive 0Xy¥GEN  Epecies:
Rales I hiacd pressire  and kidiny
funclion, Current Hyparension Fepaorls.
200242 160-186.

Sabban EL, Hvelnansky R Siregs-
tiggered sctivation of HENE BxpIession in
talacholaminargic syslems: Dynamles of
trenscriptional  eyvenls. Trends Meurosci,
2001;24(2):97-08,

Esch T, Sofano GB, Fricchione GL,
Benson H.  Siress N cardiovasoulr
diseases. Med. Scl. Manit 2002;8:RADI—
RAa101,

Agrawal &, Sharma & Peslicides induced
oxidative slress in ma mmalian systems, [nt
| Bial Mad Hes, 20 T01{3na0-104,
Maddock ©, Parlante CM. How does strecg
affzet  wou?  Aan ovarview  of slress,
imimunity, depression,  and  disequa
Epidemicl, Psychiatr, Spe, 20011003
15362

Furlmulier FG, Amhokd J, Jantschie i,
Pichler H, Chingar . Redox properliss of

tha couples compound Feoompasnd 1] and
tompound IMnztive enzyme of human
myeloperoxidase, Biochem Biophys Res
e T 2003;301:551-557,

Arnheld J, Monzani g, Furtmiiiler P3G,
Zedorbauer M, Casglle L. Ohinger
Kirctics and thermodynamics of halige ans)
nitfite  oeddation by mammalian hame
peraxidases. Eur J Inorg Chem 200518
2B01-33171.

Zedarbaver M, Furmiilier PG, Brogloni &,
Jakopitech ©, Smulevich G, Chinger .
Hemo to proteln nkages in mammafan
PEfOXiZASEs: Impact an Spocinoscopic,
redox, and catahdic propenies.. Nal Prog
Rep. 2007,74:571—554

Lacy F, Kailgssm MT, O'Coannar oT,
Schmid-Scho nbein GW. Parmer R
Plasma hydrogen Peraxide production in
fuman  essantial hypertznsion; Rale of
herudity, qendey, and ethnicity.
Hyperonsion. 2000,36:878-504.

Faravicini Tid, Touvz BM, Redox sianallimg
in fiypertonsion, Cardiovasc Res. 2008;71;
247-258.

Alvarcz ¥, Pere=-Gira'n JV, Hemnanz R,
Briones AM, Garcia-Redondn A, Bellra"n
A Alonso MY, Salzicos M. Losarian
reduces the incrogoeg parlicipalion  of
Lyclonxyoenase-Pderved proclects  in
vascular respanzes of hyporensive rals. of
Fhamacc] Exp Ther. 2007;321:381 388,
Aodriguez-Martines MA,  Garciz-Cohen
EC. Baena AB, Gonza’ oz R, Salaicas M,
Marin J. Conlraciila responses sliciled by
hydrogen peroxide in  actla  from
nonmotensive  znd  hypertensive rats:
endotholial - madulstion and mechanism
invlved, Br J Pharmicol, 19351251370~
1335,

Gao YJ, Lee RM. Hydrogan peraxics
inducos A Greater contraction in mesentoric
arleries af Epenlaneously hyperlensive rats
through thromboxane A (2} production, Br
J Pharmacod. 2001-1 3416391645,

O Cavanagh EMY, Inserra F, Topbli J,
Stella |, Fraga ©F, Farder L. Enalapril
all=nuates oxidative stress in diabelic rals.
Hypertension. 2001:39-1 130-1136.
Chandran @, Sirgjudzen KNS, Yusoff
HEN, Swamy i, Samarendra MS, Efect
ol the antibypertoneive drug enalapril an
oxidslive stress markers snd anticxidsnt
Bhzymes In o kidney  af SpontaEneousty
hyperlensive ral Oxidative Medicine and
Gellular Longevity, 2044:10. Aurticla 10
GDESZ.



B2,

BE,

67

BE.

7,

1.

73,

7d,

Acnopa g ol s WBCRR. 20(AE 1-30, 2097 Asfiain n3LBCRR ARSEE

Packer L, “Bigthiols” msthods  in
enzymology,  Academic  Press  |ng
Londan, Englang. THRE251{Par & & 2572
Part B).

Amige AP. Gone expression and the thiol
redox state, Free Rod. Bio. Mod. 1953:27:
G354,

Bindali A, Fukato JM, Forman HJ Thi)
Chemislry in poaroxidose catalysis  and

redox signalling. Antioxid. Redox Shgn.
2008; 1015491554,
Reed  DJ.  Osidstive  stress and

ricchondriz| permeability  transiion. in
Biothiols in Heallh and [izezss, Eds
Packsr L., Cadenas E. iDakker, Haw
Work), 1995;231-253.

Hallwell B, Guiteridge JM. Profection
against oxldants in biclogical systems: The
sup=roxids theory of axygen towicily. Frao
Radicals  In  Biology and  Medicine
{Clarendon, Owford, UK), 2™ Ed. 1983:87—
187.

Forman HJ, Liu RBM, Shi MM, Packer L,
Cadenzs E. Glutathions synthesls in
oidative stress, Biothiols in Health znd
Disease (Dekker, Mew York) Eds. 1843,
1802112,

Werlar B, Gregnberg BP. Profeclive
effect  of clofibrate  on isoproterenal-
Induced myocardial infarction In arteria-
sclerolic and  nonarlerio-scleratic rals.
Altherosclerosis, 1978:20:373-75,

Balzzs T, Hanlg JP, Horman EH. Toxic
respenses of lhe cardiovascular systam. In
Casarett and Dayll's Tozicology: the Basic
science of Polns {C, D, Klazssan, M. 0
Amdur, and J. Doull, =ds), Macmillan
Fubfishing Company, Mew VYork, USA,
Third Ediiticn. 2006387411,

Van Meet JIF, Ferrans JV, Merman E.

Carfiovascular  and  skelotal miscle
s¥elam, In Handbook of Toxicalogic
Palhclogy (W, M. Haschex, C. G

Rousseaux, and M. A, Wallig, wds),
Academic Press, San [iego, CA USA
2002, 2 3G3—d 55,

Goldspink DF, Bumiston JG, Efison G0,
Clark WA, Tan LB, Catzchofamine-induced
dpuptosis and necrosis in cardiac and
skelztal myocyles of the rat in wivo: Thi
=2Me or separate death pathways? Exn
Physiol, 2004;89:407-15,

Zhang J, Knaplon &, Lipshultz 52, Weavar
JL, Herman EH, lsoprolerenal-induced
cardiotozicily  in Sprague-Dawley  ralg:
Cormelation of reversible and ireversibls

10

FE.

Ir.

78,

7.

1.

82,

o
il

myocardial injury with release of cardiac
troponin T and roles of iINOS in myecardial
Injury. Toxicolgic Pathology. 200836
277-258.

Gerhardt W, Merdin G, Ljungdahl L Can
roponin T replzce CK MBmass zc “gol
slandard” for acule myocardial infarefion
("AME}Y Scand J Clin Lab [nvest Suppl.
1899;230:83-59,

Morrow DA, Cannan CPF, Jesse AL, Mewhy
K, Ravklide J, Stormow A, Wy AHE,
Christenson RH. MNatianal Acadommy  of
Clinical Biochemistry Laboratory Madicing
Praclice Guidslines: Clinical characteristice
and uiilization of biochemlcal markers in
acule coronary syndromes. Clin Chem.
2007;53(4):552-574,

Jafie AS, Ravkikle J, Roberls R, Naslund
U, Appls F3, Galvani M, Katus H, IF's timep
for & change to a froponin standard
Circulation. 2002:902:1216.1220.

Pepys MB, Baliz ML, Aculs phase proteing
with special refarence o C-reactive proden
ared related proteing (pentaxing) and serum
amyleld & protein, Adv, Immung), 198334
1d1=212,

Do Baer FC, Hing CR, Fox B, Allan
RM, Maseri A, Pepys ME. Measurement of
s2rum C-reactive protein concentration in
mygcardial |schaemia and infarction. B,
Hoart J, 198247230243,

kushner I, Rakita L, Kaplan MH, Studiss of
acutes phase protein. 1. Locallzalion of Cx-
reactive  prateln in hearl i Induced
myacardial infarction n rabhits. J. Clin.
Imvest. 1963:42:286..092,

Lagrand WWE. Miessen HW, Walbink 3J,
Jaspars LH, Wisser o, Verheugl FW,
Medior CJ, Hack CE. C-reactive profein
colocalizes with complement in human
hearts during acute myocardial inlanction,
Circulation, 1997:95:97-103,

Griselli M. Herbert J, Hutchinson WE,
Taylor KM, Sohail M, Krausz T, Pepys ME.
Coruzctive protzin and complement are
important madiaiors of tissue damage in
acule myocardial infarclion. J. Exp. Mad,
1829:190:17 331739,

Akdis CA, Blaser K. Mechanisms ol
inlerleukin-10-medipted immune
suppression, Immunology. 2001:103:131-
136,

Didion 5P, Kinzenbaw DA, Schrader LI
Chy ¥, Faraci  Fr. Endagenaus
mterlzukin-10  inhibils  angiolansin -



