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Abstract : Though there are studies to show protective effect of glutathione
against neurotoxicity and nephrotoxicity, the present study was designed
to investigate the cardio protective effect of glutathione against
isoproterenol induced myocardial infarction in rats by demonstrating the
changes in serum cardiac markers, antioxidant enzymes and ECG changes.
Wistar male rats were randomly divided into four groups namely control
(GI), glutathione (GII), isoproterenol (GIII) and glutathione + isoproterenol
treated (GIV). Glutathione treated group-received glutathione (200 mg/kg
body wt) orally for 30 days. Myocardial infarction was induced in rats by
isoproterenol administration (100mg/kg) subcutaneously (sc) at an interval
of 24 hrs on 31 and 32" day cardiac marker enzymes, ECG, lipid
peroxidation and antioxidant enzymes were assessed 24 hrs after the last
dose of isoproterenol. Isoproterenol showed changes in ECG pattern,
increase in serum level of cardiac marker, increased lipid per oxidation and
decreased antioxidant defense system in heart. Glutathione pretreatment
brings almost all the parameters to near normal level in isoproterenol-
induced myocardial infarction in rats. The present study revealed that
glutathione ameliorates cardiac damage in isoproterenol induced myocardial
infarction in rats due to potent antioxidant, free radical scavenging effect,
myocardial adaptation at cellular and organ levels.
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INTRODUCTION Indian origin who are living abroad (2).
Epidemiological studies and randomized

Ischemic heart disease continues to be clinical trials have provided compelling
the major cause of death in Asia, Europe evidence that occurrence of myocardial
and USA (1). The incidence of myocardial infarction is largely preventable (3). Hence
infarction is also high among people with  high incidence of Myocardial infarction
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required new ways of prevention. Free
radical generations have been established as
an important etiological mechanism for
myocardial ischemia reperfusion injury (4).
Reduced glutathione is a non-enzymatic
antioxidant in heart and has been reported
to play a vital role in myocardial protection
against ischemia reperfusion injury (5).
Myocardial infarction induced by
isoproterenol (Isoproterenol; L-p-(3, 4
dihydroxy phenyl) o Isopropylamino ethanol
hydrochloride), p adrenergic agonist has been
reported to exhibit many metabolic and
morphological aberration in heart tissue of
experimental animal (6), similar to that
observed in human myocardial infarction.

Isoprenaline challenge induces
myocardial necrosis by a multiple step
mechanism. The primary disturbance of
isoprenaline induced myocardial infarction
has been reported to enhance adenylate
cyclase activity resulting in increased C-AMP
formation which in turn leads to increased
lipid accumulation in the myocardium. It is
also well known to generate free radicals
and to stimulate lipid per oxidation, which
may be a causative factor for irreversible
damage to the myocardial membrane
(7). Isoprenaline induced myocardial
infarction thereby serve as a well
standardized model to standby the beneficial
effects of many drugs and cardiac function

(8).

Glutathione (L gamma-L glutamyl-L
cysteine) a sulphur containing amino acid
composed of 3 different amino acid cysteine,
glutamine and glycine. It is primarily
synthesized in liver. It is present in fruits,
vegetables and meat products (9).
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It has many biological action including
myocardial antioxidant defense, alternate
oxidative change induced by I/R. Ischemia/
Reperfusion (10) by important myocardial
adaptations at cellular and organ levels
like enhanced high energy phosphate
reserve, coronary collateral blood flow, Ca?
homeostasis, antioxidant defense, peripheral
adaptation such as vascular proliferation and
hormonal changes (11, 12).

MATERIALS AND METHODS

Wistar strain male albino rats weighing
150-200 g were selected for the study. The
animals were allowed a standard diet and
water ad libitum. The experiment was
carried out after the institutional ethical
committee approval No 457 in Raja Muthiah
Medical College, Annamalai University.

Induction of myocardial infarction:

Myocardial infarction was induced in
experimental animals by subcutaneous
injection of isoproterenol 100 mg/kg body
weight per day for 2 consecutive days.

Experimental protocol:

Animals were divided into 4 groups
comprising of 6 rats each. Group I (normal
control) rats received standard diet for a
period of 30 days. Group II rats were orally
administered with glutathione 200 mg/kg/
body weight dissolved in distilled water by
intragastric intubation for 30 days. Group
IIT rats were injected with isoproterenol
100 mg/kg body weight per day
subcutaneously for 2 consecutive days at an
interval of 24 hrs for induction of myocardial
infarction. Group IV rats were pretreated
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with glutathione 200 mg/kg body weight
orally for 30 days and myocardial infarction
was induced with isoproterenol at a dose of
100mg/kg body weight at an interval of 24
hrs on 31t and 32" day.

At the end of experimental period i.e.
24hrs after last injection of isoproterenol
the experimental animals were sacrificed,
blood was collected using heparin as an
anticoagulant and plasma was separated for
the determination of cardiac marker enzymes
(AST, ALT, LDH and CKMB), plasma and
lipid peroxidation, and heart antioxidant
enzymes (SOD, glutathione peroxides,
catalase) and reduced glutathione. Lipid
peroxidation in heart tissue and plasma were
assayed as thiobarbuteric acid reactive
substances TBARS in heart tissue.

ECG was recorded before and after
administration of isoproterenol in all groups
of rats. Male wistar rats (weight 150 to 260
gm) were anaesthetized by intraperitoneal
injection (i.p) of Nembutal (pentobarbital
sodium); 40 mg/kg body weight, this injection
was sufficient to maintain anesthesia until
the end of experiment. ECG was recorded
by means of subcutaneous electrodes. The
transducers were connected to ECG machine
CARDIART 108T/MK-V1. Lead I recorded by
placing subcutaneous electrodes in both
axilla and over xiphoid process. Heart rate
was determined by using R-R interval. ST
segment elevation was taken as indicator for
myocardial infarction.

Biochemical assays:
A portion of heart tissue was

homogenized in 0.1 M TrisHcl buffer pH
7.4 and was used for the estimation of
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antioxidant enzyme activities. Lipid per
oxidation assayed as thiobarbituric acid
reactive substances (TBARS) in heart tissue
were assayed according to the methods of
Yagi (13) and Ohkawa et al (14) respectively.
Heart tissue antioxidant enzymatic activities
viz, SOD catalase, glutathione peroxides
and nonenzymatic antioxidant reduced
glutathione were assayed by Kakkar et al
(15), Sinha (16) and Beutler and Kelley (17)
respectively.

Statistical analysis:

The data were expressed as mean=SD.
Statistical comparisons were performed
by one-way ANOVA. If it was significant,
Bonferroni multiple comparison tests have
been applied by to find out which groups are
statistically different. The results were
considered as significant if P values were
0.05 or less.

RESULTS

Table I depicts the level of heart tissue
TBARS, reduced glutathione, and the
activities of antioxidant enzymes (Gpx,
catalase & SOD) in the heart tissue of
experimental rats. Isoproterenol induced a
significant increase in the TBARS in-group
IIT rats as compared with group I rats. A
marked decrease in the level of GSH and
the antioxidant enzymes were also observed.
Glutathione pretreatment significantly
reduced the TBARS level and preserved the
antioxidant enzyme activities to near
normal.

Table II depicts the levels of cardiac
marker enzymes (CK-MB, ALT and LDH) in
the plasma of normal and experimental
groups of rats. Subcutaneous administration
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TABLE I: Antioxidant enzyme levels in normal and experimental group of rat’s heart.

Control Glutathione Isoproterenol Glutathione+ P
Parameters (GI) (GII) (GIII) Isoproterenol value
(n=6) (n=6) (n=6) (GIV) (n=6)
Catalasepmoles of H,O,
utilized/min/mg of Hb 51.93+2.8 51.8+2.5 34.8+ 3.5 38.4+3.0"###* <0.0001
GPXpg of GSH consumed/
min/mg of Hb 3.37+£0.2 3.5+0.04 2.7+£0.047### 5.8+0.02" M  <0.0001
GSHmg/dl of RBC 5.3+0.02 5.4+0.03™ 2.7+0.03"## 3.8+0.027##  <0.0001
SODUnits/mg of Hb 5.34+0.7 5.4+0.5 3.6+0.6""# 4.4+0.7 0.0002
TBARSnmoles/mg of protein 0.42+0.03 0.4+0.02 0.7+0.03"### 0.6+£0.02"##  <0.0001

Data expressed as mean+SD. The * depicts comparison with Group I, * depicts comparison with Group
II and f depicts comparison with Group III. "P<0.05, “P<0.01, “"P<0.001, * P<0.05, *#P<0.01, **P<0.001,
fP<0.05, "P<0.01, P<0.001. GPX: Glutathione peroxidase, GSH: Reduced glutathione, SOD: Superoxide
dismutase & TBARS: Thiobarbuteric acid reactive substances.

TABLE II: Level of cardiac markers in normal and experimental group of rats.
Parameters Control Glutathione Isoproterenol Glutathione P
IU/L (GD (GID (GIII) Isoproterenol value
(n=6) (n=6) (n=6) (GIV) (n=6)
AST 96.7+8.5 92.2+6.8 386+17.4"7## 130+5.01 " ###tf <0.0001
ALT 84.5+4.6 80.5+6.9 344+12.57### 110+7.02"###ttt <0.0001
LDH 158.3+9.4 152.3+7.4 310+15.6""### 180+6.04 " ##HE <0.0001
CPK-MB 131.4+8.0 126.4+6.6 303+24.27### 150+8.03# <0.0001

Data expressed as mean+=SD. The * depicts comparison with Group I, * depicts comparison with Group
II and f depicts comparison with Group III. "P<0.05, “P<0.01, “"P<0.001, * P<0.05, *#P<0.01, **P<0.001,
fP<0.05, TP<0.01, "P<0.001. AST: Aspartate transaminase, ALT: Alanine transaminase, LDH: Lactic
dehydrogenase, CPK-MB: Creatinine phosphokinase - MB.

of isoproterenol caused a significant
(p=0.001) elevation in the levels of cardiac
enzymes in the plasma of group III rats
compared with that of group I rats. In this
study, oral pretreatment with glutathione
200 mg/kg body weight for a period of 30
days significantly reduced the cardiac
enzymes to near normal level.

Table III shows the ECG changes in the
experimental group of rats. There was
increase in heart rate; prolonged QRS
complex and prolonged QT interval and
ST segment elevation in-group III rats

compared to control rats. Glutathione prior
administration significantly maintained the
ECG normal.

DISCUSSION

In present study there is significant
increase in levels of lipid peroxide in heart
tissue and serum during isoproterenol
administration. Isoproterenol administration
produces free radicals via beta adrenoceptor
mechanism affects the cell metabolism such
that toxic free radical are formed producing
myocardial cell necrosis (18). This is shown
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TABLE III: ECG changes in normal and experimental group of rats.
ECG Control Glutathione treated Isoproterenol Glutathione P
changes (GI) group (GII) (GIII) Isoproterenol value
(n=6) (n=6) (n=6) (GIV) (n=6)
HR beats/min 369.1+25 400.5+39 543+£83.17"### 386.6+48.6 ™ <0.0001
QRS Complex (sec) 0.06+0.02 0.06+0.02 0.13+0.03""### 0.04+0.01 <0.0001
QT interval (sec) 0.1+0.07 0.1+0.03 0.2+0.03"# 0.15+0.03 0.0018

Data expressed as mean+SD. The * depicts comparison with Group I, # depicts comparison with Group
II and f depicts comparison with Group III. "P<0.05, “P<0.01, ""P<0.001, * P<0.05, *#P<0.01, **P<0.001,

fP<0.05, P<0.01, P<0.001. HR: Heart rate.

TABLE IV: ST segment elevation in normal and experimental group of rats.
ST Segment 1 2 3 4 5 6
Control (n=6) 0.0 0.0 0.0 0.0 0.0 0.0
Glutathione treated (n=6) 0.0 0.0 0.0 0.0 0.0 0.0
Isoprenaline (n=6) 0.1 mv 0.2 mv 0.1 mv 0.2 mv 0.1mv 0.1 mv
Isoprenaline + Glutathione (n=6) 0.0 0.0 0.0 0.0 0.0 0.0

There is ST segment elevation in GIII rats compared to GI and GII rats Glutathione pretreatment

brought ST segment to isoelectric line.

by increasing TBARS (Thiobarbutric acid
reactive substances) in heart of experimental
group of rats.

Glutathione treatment significantly
reduces the level of lipid peroxide and
increase enzyme levels in both heart and
serum by its myocardial antioxidant defense
mechanism, alternate oxidative change
induced I/R by important myocardial
adaptation at cellular and organ level.
Cardiac enzymes are significantly increased
in isoproterenol treated rats as reported by
earlier studies. ECG changes were also
observed (19). This might be due to
generation of free radicals released from
damaged myocardial tissue. Reperfusion of
ischemic areas may itself be associated with
reperfusion injury mediated by free radicals
mediated oxidation (20). Pretreatment with
glutathione prevents the rise in level of

cardiac marker enzymes in G IV rats
compared to GIII rats and also restored ECG
changes.

Glutathione protects cardiac cells from
I/R injury by important myocardial adaptation
at cellular and organ levels like enhanced
high energy phosphate reserve, coronary
collateral blood flow, Ca?* homeostasis,
peripheral adaptations like vascular
proliferation and hormonal changes. In
summary data from present study indicates
that glutathione act as a potent antioxidant
and enhance myocardial resistance to I/R
injury induced damage in anaesthetized rats.
This important adaptation result from
preservation of heart GSH Homeostasis and
increased antioxidant defense mechanism,
which improved myocardial functional
recovery from initial I/R result. There are
studies to show effect of oral glutathione
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supplementation for 17 days on anti oxidant
defense, oxidative damage in response to
ischemia reperfusion (I/R) in rat’s heart. So

10.

11.
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we made a study by supplementing oral
glutathione for 30 days to have better effects
(21).
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