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Abstract

We have examined the protective effect of taurine on the myocardial antioxidant defense system in
isoprenaline (isoproterenol)-induced myocardial infarction in rats, an animal model of myocardial infarc-
tion in man. Levels of diagnostic marker enzymes in plasma, lipid peroxides and reduced glutathione, and
the activity of glutathione-dependent antioxidant enzymes and antiperoxidative enzymes in the heart
tissue were determined. Intraperitoneal administration of taurine significantly prevented the isoprena-
line-induced increases in the levels of alanine aminotransferase, aspartate aminotransferase, lactate
dehydrogenase, and creatine phosphokinase in the plasma of rats. Taurine exerted an antioxidant effect
against isoprenaline-induced myocardial infarction by preventing the accumulation of lipid peroxides
and by maintaining the level of reduced glutathione and the activity of glutathione peroxidase, glu-
tathione-S-transferase, catalase and superoxide dismutase at near normality. The results indicated that
the cardioprotective potential of taurine was probably due to the increase of the activity of the free
radical enzymes, or to a counteraction of free radicals by its antioxidant nature, or to a strengthening of
myocardial membrane by its membrane stabilizing property.

Introduction

Despite improved clinical care, heightened public awareness, and widespread use of
health innovations, myocardial infarction remains a leading cause of death. It is esti-
mated that by the year A.D. 2020, up to three quarters of deaths in developing countries
will result from non-communicable diseases and that myocardial infarction will top the
list of killers (Gupta & Gupta 1998). With changing life style in developing countries like
India, particularly in urban areas, myocardial infarction is making an increasingly
important contribution to mortality statistics of such countries (Farvin etal 2004). In
India, the number of patients being hospitalized for heart attack has increased over the
past 35 years, with male patients showing a striking increase (Krishnaswami 1998).
Taurine (2-aminoethanesulfonic acid), a non-protein sulfur containing amino acid,
is the most abundant free amino acid and has been shown to play several essential roles
in the human body (Lombardini 1996). It is widely distributed in very high concentra-
tions in brain, heart, kidney, lens, and reproductive organs (Huxtable 1992). It is
involved in various important biological and physiological functions, which include
cell membrane stabilization (Heller-Stilb etal 2002), antioxidation (Atmaca 2004),
detoxification (Birdsall 1998), osmoregulation (Timbrell et al 1995), neuromodulation,
and brain (Renteria etal 2004) and retinal development (Wright etal 1986). Taurine
accounts for more than 50% of the total amino acid pool in the mammalian heart
(Lombardini 1996). Earlier studies (Keith etal 2001; Warskulat etal 2004) demon-
strated that pathology develops in the myocardium if an animal is depleted of taurine
stores either through a taurine-deficient diet or use of taurine transport antagonists.
Pion etal (1987) were the first to explain the role of dietary taurine deficiency asso-
ciated with a dilated cardiomyopathy observed in experimental animals. Other studies
by Keith etal (2001) and Lake etal (1994) have explored the relationship between
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taurine deficiency and cardiac contractility, loss of cardiac
myofibrils, and arrhythmogenesis. Though there is con-
siderable evidence concerning the pharmacological signif-
icance of taurine in maintaining the integrity of an
organism, the protective effect of taurine on myocardial
antioxidant status in experimentally-induced myocardial
infarction in rats has not been explored in detail.

Intraperitoneal administration of isoprenaline (isoproter-
enol; L-3-(3,4-dihydroxyphenyl)-a-isopropylaminoethanol
hydrochloride), a S-adrenergic agonist, produces acute irre-
versible myocardial injury in rats that morphologically
resembles myocardial infarction in man (Ravichandran et al
1990; Geng etal 2004). It induces myocardial necrosis by a
multiple-step mechanism (Chagoya de Sanchez etal 1997).
Peroxidation of endogenous lipids has been shown to be a
major factor in the cardiotoxic action of isoprenaline (Kumar
etal 2001; Chattopadhyay et al 2003). Isoprenaline-induced
myocardial infarction is generally attributed to the formation
of the highly reactive hydroxyl radical (OH"), stimulator of
lipid peroxidation and source for the destruction and damage
to cell membranes (Farvin etal 2004). Alterations in tissue
defense systems including chemical scavengers or antioxidant
molecules and the antioxidant enzymes catalase, superoxide
dismutase, glutathione peroxidase, and glutathione-S-trans-
ferase have been reported in isoprenaline-induced myocar-
dial infarction (Sharma etal 2001; Saravanan & Prakash
2004).

In this study, an attempt has been made to assess the
preventive effects of taurine against isoprenaline-induced
myocardial infarction in rats by virtue of its hypolipidaemic
(Takenaga et al 2000), antioxidant (Rodriguez-Martinez et al
2004) and membrane stabilizing properties (Birdsall 1998).

Materials and Methods

Chemicals

Taurine, adrenaline (epinephrine), tetramethoxypropane
and isoprenaline were obtained from Sigma Chemical
Company (St Louis, MO). All the other chemicals used
were of analytical grade.

Animals

Wistar strain male albino rats (100-120g) were housed
individually in polyurethane cages under standard envir-
onmental conditions and allowed free access to food and
water. The experiment was carried out according to the
guidelines of the Committee for the Purpose of Control
and Supervision of Experiments on Animals (CPCSEA),
New Delhi, India, and approved by the Institutional
Animal Ethics Committee.

Induction of myocardial infarction

Myocardial infarction was induced in experimental rats by
injecting isoprenaline (11 mg (dissolved in physiological sal-
ine)/100 g/day), intraperitoneally for two days (Anandan
etal 2003).

Experimental protocol

The rats were divided into four groups of six rats and
housed individually in polyurethane cages. Group 1
served as the control. Group 2 animals were intraperito-
neally (i.p.) injected with taurine (100mgkg~'/day, dis-
solved in physiological saline) for 15 days. Group 3 rats
were injected intraperitoneally with isoprenaline (11 mg
(dissolved in physiological saline)/100 g/day), for two
days for the induction of myocardial infarction. Group 4
animals were injected with taurine at the above dosage for
15 days and then injected intraperitoneally with isoprena-
line (11 mg/100 g/day) for two days.

At the end of the experimental period, i.e. 24 h after the
last injection of isoprenaline, the rats were killed. Blood
was collected using heparin as the anticoagulant. The
plasma was separated and then used for the determination
of alanine aminotransferase [EC 2.6.1.2] (ALT) (Mohur &
Cook 1957), aspartate aminotransferase [EC 2.6.1.1] (AST)
(Mohur & Cook 1957), lactate dehydrogenase [EC 1.1.1.27]
(LDH) (King 1965) and creatine phosphokinase [EC
2.7.3.2] (CPK) (Okinaka etal 1961). The heart tissue was
excised immediately and washed with chilled isotonic sal-
ine. The heart tissue homogenates prepared in ice-cold
0.1 M Tris-HCl buffer, pH 7.2, were used for the determina-
tion of lipid peroxides (LPO) (Ohkawa et al 1979), reduced
glutathione (GSH) (Ellman 1959), glutathione peroxidase
(GPx) [EC 1.11.1.9] (Pagila & Valentine 1967), glutathione-
S-transferase (GST) [EC 2.5.1.18] (Habig etal 1974), cata-
lase [EC 1.11.1.6] (Takahara etal 1960) and superoxide
dismutase (SOD) [EC 1.15.1.1] (Misra & Fridovich 1972).
The protein content was estimated by the method of Lowry
etal (1951).

Statistics

Results are expressed as mean +s.d. Multiple compari-
sons of the significant analysis of variance were performed
by Tukey’s multiple comparison test. A P-value < 0.05
was considered as statistically significant. All data were
analysed with the aid of a statistical package program,
SPSS 10.0 for Windows.

Results

Table 1 shows the levels of diagnostic marker enzymes
(AST, ALT, LDH and CPK) in plasma of normal and of
experimental rats. Injection of isoprenaline caused signifi-
cant elevation in the levels of these marker enzymes in the
plasma of group 3 rats as compared with group 1 normal
controls. Prior treatment with taurine significantly
(P < 0.001) prevented the isoprenaline-induced elevation
in the levels of diagnostic marker enzymes in plasma of
group 4 animals as compared with group 3 rats.

A significant rise in the level of lipid peroxidation was
observed in the heart tissue of group 3 isoprenaline-admi-
nistered rats as compared with controls (Table 2). This
was paralleled by a significant decline in the level of
reduced glutathione and the activity of glutathione-



Table 1 Levels of alanine aminotransferase (ALT), aspartate
aminotransferase (AST), lactate dehydrogenase (LDH), and creatine
phosphokinase (CPK) in plasma of normal and experimental rats

Diagnostic Group 1  Group 2 Group 3 Group 4
marker (control)  (administered (administered (administered
taurine) isoprenaline) taurine and
isoprenaline)
ALT 95.8+7.1 90.3+6.5 4084353 1034+7.5°
AST 132+94 127+8.1 376 £28.7°°  145+8.7°
LDH 169+ 14.8 165+12.4 412436.1%° 188 +14.2°
CPK 118472 115+7.6 343+£18.5%°  14248.9%4¢

Results are mean + s.d. of six animals. Values expressed: ALT, AST,
and LDH, pmol pyruvate liberated h™'L™"; CPK, umol creatine
liberated h™'L™". *P < 0.001 significantly different compared with
group 1 control; ®P < 0.001 significantly different compared with
group 2 taurine-administered animals; P < 0.001 significantly
different compared with group 3 isoprenaline-induced myocardial
infarcted rats; “P < 0.05 significantly different compared with group
1; °P < 0.05 significantly different compared with group 2.

Table 2 Levels of lipid peroxides (LPO) and reduced glutathione
(GSH), and the activity of glutathione peroxidase (GPx),
glutathione-S-transferase (GST), catalase and superoxide dismutase
(SOD) in the heart tissue of normal and experimental rats

Diagnostic Group 1 Group 2 Group 3 Group 4
marker (control) (administered (administered (administered
taurine) isoprenaline) taurine and
isoprenaline)
LPO 0.95+0.04 0924+0.04 2.79+0.15%° 1.05+0.18°
GSH 5174027 5.99+0.35"  2.12+0.15%° 5.34+0.25°¢
GPx 3.15+£0.29 3.27+0.24 1.45+£0.16%° 2.98+0.26°
GST 1193+84 1218491 827 £71%° 11054 88°°
Catalase  10.4+0.76 9.98+0.84  3.76+0.18"" 9.0240.55%%¢
SOD 3.73+£0.24 3.85+0.32 1.01 +£0.05%° 3.51+0.21°¢

Results are mean +s.d. of six animals. Values expressed: LPO, nmol
malondialdehyde (mg protein)~'; GSH, pmol (g wet tissue)”'; GPx,
nmol GSH oxidized min~' (mg protein)~'; GST, umol 1-chloro-2,4-
dinitrobenzene conjugate formed min~! (mg protein)~!; catalase, nmol
H,0, decomposed min~" (mg protein)~'; SOD, one unit of the SOD
activity is the amount of protein required to give 50% inhibition of
adrenaline autoxidation. *P < 0.001 significantly different compared
with group 1 control; °P < 0.001 significantly different compared with
group 2 taurine-administered animals; °P < 0.001 significantly
different compared with group 3 isoprenaline-induced myocardial
infarcted rats; 4P < 0.05 significantly different compared with group 1;
°p < 0.05 significantly different compared with group 2; P < 0.001
significantly different compared with group 1.

dependent antioxidant enzymes (GPx and GST) and anti-
peroxidative enzymes (SOD and catalase) (Table 2).
Administration of taurine significantly prevented all the
isoprenaline-induced alterations in the tissue antioxidant
system and maintained the rats at near normal status. The
normal rats receiving taurine alone (group 2) did not show
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any significant change when compared with the normal
rats, showing that taurine itself did not have any adverse
effects.

Discussion

The significant rise noticed in the levels of AST, ALT,
LDH and CPK in plasma of group 3 isoprenaline-admi-
nistered rats as compared with group 1 normal controls
was indicative of the severity of isoprenaline-induced
myocardial infarction. This was in line with an earlier
study (Suchalatha & Shyamala Devi 2004), which indi-
cated that increased susceptibility of myocardial cell mem-
brane to the isoprenaline-mediated peroxidative damage
might lead to an increased release of these diagnostic
marker enzymes into the systemic circulation. In this
study, administration of taurine resulted in a significant
reduction in the levels of these marker enzymes towards
near normality as compared with group 3 isoprenaline-
administered rats, indicating the cytoprotective effect of
taurine (Schaffer etal 2003). It probably did so by its
membrane stabilizing action (Redmond etal 1998).
Timbrell etal (1995) had reported that taurine exerted
membrane stabilization against carbon tetrachloride, hydra-
zine and 1,4-naphthoquinone-induced necrotic damages
by modulating intracellular calcium levels and osmo-
regulation.

Biological membranes are sensitive to lipid peroxida-
tion induced by reactive oxygen species. The oxidation of
polyunsaturated fatty acids in biological membranes may
cause impairment of membrane function, decrease in
membrane fluidity, inactivation of membrane receptors
and enzymes, increase of non-specific permeability to
ions and disruption of membrane structure. In this inves-
tigation, the level of lipid peroxides in the heart tissue of
group 3 isoprenaline-administered rats was significantly
(P < 0.001) higher compared with group 1. This was in
agreement with Nirmala & Puvanakrishnan (1996), who
indicated that a lack of antioxidant defense might lead to
an increase in lipid peroxidation and subsequent deleter-
ious effects on the myocardial membrane in the isoprena-
line-induced myocardial infarction condition. The rats
pretreated with taurine showed a significant (P < 0.001)
decrease in the level of lipid peroxidation in the heart
tissue. This was probably achieved by means of its anti-
oxidant nature (Rodriguez-Martinez 2004) against lipid
peroxidation induced by isoprenaline. The unpaired elec-
tron present in the hydroxyl radicals generated by isopre-
naline might have been trapped and subsequently
dismuted by taurine. Obrosova etal (2001) reported that
supplementation of taurine counteracted oxidative stress
through the ascorbate system of antioxidant defenses in
experimental diabetic nephropathy.

The glutathione antioxidant system plays a fundamen-
tal role in cellular defense against reactive free radicals
and other oxidant species (Meister & Anderson 1983). The
cellular tripeptide GSH exerts protective antioxidant
influence through a complex enzyme system including
GPx and GST. In this study, a significant reduction in
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the activity of glutathione dependent antioxidant enzymes
and antiperoxidative enzymes were observed in the heart
tissue of group 3 isoprenaline-administered rats as com-
pared with group 1 control animals. Also, the level of
GSH was significantly reduced in isoprenaline-induced
myocardial infarction. Decline in the activity of GPx in
the heart tissue of infarction-induced rats made the myo-
cardial cells more sensitive to oxidative damage, leading to
a change in the cell composition and function.

The significant decrease noted in the activity of GST,
another scavenging enzyme involved in the removal of
toxic metabolites by glutathione conjugation reactions,
in the heart tissue of group 3 myocardial infarction-
induced rats might have been due to the reduced avail-
ability of GSH. This was in accordance with Sathish et al
(2002), who indicated that GSH- and GSH-dependent
enzyme systems might be directly related to the patho-
genic mechanism of isoprenaline-induced myocardial
infarction. Significant reduction observed in the activity
of antiperoxidative enzymes SOD and catalase in the heart
tissue of group 3 rats might have led to the formation of
0>~ and H,0,, which in turn formed hydroxyl radical
(OH*) and brought about a number of reactions harmful
to the myocardial cell membranes. Similar observations
were reported by Farvin etal (2004) and Gupta etal
(2004).

This investigation has shown that prior treatment with
taurine significantly prevented the isoprenaline-induced
reduction in the level of GSH and the activity of catalase,
SOD, GPx and GST in the heart tissue of group 4 rats as
compared with group 3 rats. It probably did so either by
increasing the level of GSH or by counteraction of iso-
prenaline-generated free radicals by its antioxidant nature.
Hwang et al (2000) indicated that the level of thiobarbitu-
ric acid reactive substances was reduced and the level of
GSH was elevated in the liver when the rats were fed with
a taurine supplement.

Conclusion

Pretreatment with taurine prevented isoprenaline-induced
myocardial infarction in rats. The overall cardioprotective
effect of taurine was probably due to its membrane stabi-
lizing action, or to a counteraction of free radicals by its
antioxidant nature, or to its ability to maintain near to the
normal status the activity of the free radical scavenging
enzymes and the level of reduced glutathione, which pro-
tected the myocardial membrane against peroxidative
damage by decreasing lipid peroxidation and strengthen-
ing the myocardial membrane.
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