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Abstract

Myocardial infarction is a major public health concern and the leading cause of death all over
the world. A better understanding of the processes involved in myocardial infarction has
stimulated the search for biomolecules, which could limit the myocardial injury. We
determined the protective activity of L-glutamine on mitochondrial function in isoprenaline-
induced myocardial infarction in rats, an animal model of myocardial infarction in man. Oral
pre-treatment with glutamine significantly inhibited the isoprenaline-induced changes in the
levels of troponin T and homocysteine in the plasma. It conserved the activities of tricarboxylic
acid cycle enzymes (isocitrate dehydrogenase, a-ketoglutarate dehydrogenase, succinate
dehydrogenase, malate dehydrogenase) and respiratory marker enzyme (NADH
dehydrogenase) and the level of myocardial ATP content at levels comparable to that of normal
controls. It also attenuated isoprenaline-induced oxidative stress in rat mitochondria and
preserved the antioxidant defence system at near normal. The results indicate that the
cardioprotective effect of glutamine can be correlated directly with its ability to activate the
energy status and antioxidant defence system.
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Introduction

Globally, myocardial infarction is a major public health concern and the leading cause of
mortality. Despite understanding more about the aetiology and pathophysiology of
cardiovascular disease, the burden of cardiovascular disease is likely to worsen rather than
improve over the next 20 years. Developing countries such as India are also struggling to
manage the impact of myocardial infarction along with the growing burden of obesity, Type Il
diabetes and hypertension. In terms of global burden of disease, in 1999 the World Health
Organization placed myocardial infarction in sixth place and stroke in seventh place, but by
2020 they will have moved to first and fourth place, respectively. According to WHO
estimates, cardiovascular disease killed 14.7 million individuals in 1990 and 17 million in
1999. It is often assumed that the myocardial infarction is a disease of affluent, industrialized
countries. However, 80% of these deaths occur in low-to-middle income countries of varying
size such as China, Russia, Poland, Mauritius, Argentina and India (Bonow et al. 2002). A
better understanding of the processes involved in myocardial infarction has stimulated the
search for biomolecules which could limit myocardial injury.

Glutamine is the most prevalent free proteic amino acid in many organs, including the
heart. Traditionally considered a non-essentialamino acid, glutamine is now considered
"conditionally essential” aftercritical illness, stress and injury. It plays an important role in
inter-organ nitrogen exchange and the maintenance of pH homeostasis (Van de Poll et al.
2004). 1t is important as a constituent of proteins and as a central metabolite for amino acid
transamination via o-ketoglutarate and glutamate. It provides nitrogen for a number of
biosynthetic pathways, serving as a precursor of the purine and pyrimidine rings of nucleic
acids and nucleotides such as adenosine triphosphate (ATP) (Mora et al. 2002). Glutamine is
also involved in various cellular and subcellular functions, which include pro-inflammatory
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cytokine expression, gut barrier function, immune function, cell membrane stabilization, anti-
oxidation and detoxification (Wischmeyer 2003; Kumar & Anandan 2007). Used as an energy
substrate in most cells, this multifaceted amino acid is one of the principal free intracellular
amino acids in mammalian heart cells (Suleiman et al. 1997). It is involved in the regulation of
endothelial nitric oxide metabolism in the myocardium (Murphy &Newsholme 1998).
Glutamine plays a critical role in glutathione biosynthesis by providing glutamate to the
glutathione system, one of the main sources of antioxidant defence in cardiac tissue (Hong et
al. 1992).Significant reduction in the intracellular concentration of glutamine occurs in heart
tissue during myocardial infarction (Suleiman et al. 1993). Although glutamine is assumed to
participate in various important biological and physiological functions in the heart, the
protective effect of glutamine on mitochondrial function in experimentally induced myocardial
infarction has not been explored in detail.

Myocardial infarction induced by isoprenaline [isoproterenol; L-B-(3,4-dihydroxy-
phenyl)-a-isopropylaminoethanol hydrochloride], a [p-adrenergic agonist, shows many
metabolic and morphologic aberrations in the myocardium of experimental animals similar to
those observed in myocardial infarction in man (Geng et al. 2004). Intraperitoneal
administration of isoprenaline produces necrotic lesions and increases lipid peroxidation in the
myocardium, which plays a significant part in the pathogenesis of myocardial dysfunction
(Rathore et al. 1998; Kumar et al. 2001). Alterations in the activities of antiperoxidative
enzymes [superoxide dismutase (SOD) and catalase (CAT)] and glutathione-dependent anti-
oxidant enzymes [glutathione peroxidase (GPX) and glutathione-S-transferase (GST)] have
been reported in experimentally induced myocardial infarction in rats (Farvin et al. 2004;
Shiny et al. 2005).

Here we investigate the cardioprotective effects of glutamine on myocardial
mitochondrial function in isoprenaline-induced myocardial infarction in rats, with respect to
changes in the levels of diagnostic markers of myocardial injury, lipid peroxidation, TCA cycle
enzymes, respiratory marker enzymes and antioxidant defence status.

Materials & Methods

L-Glutamine, isoprenaline, adenosine triphosphate, adrenaline (epinephrine) and tetraethoxy
propane were obtained from M/s. Sigma Chemical Company, St. Louis, Missouri, USA. All
the other chemicals used were of analytical grade.

Male Wistar strain albino rats, weighing 120-150g were selected for the study. The
animals were housed individually in polyurethane cages under hygienic conditions and
maintained at normal room temperature. 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 (IAEC). The animals were allowed standard diet [M/s Sai Feeds, Bangalore, India]
and water ad libitum.

Myocardial infarction was induced in experimental animals by intraperitoneal injection
of isoprenaline [11mg (dissolved in physiological saline)/ 100g body weight/ day], for 2 days
(Anandan et al. 2003). The animals were divided into four groups, comprising six rats each.
Rats in Group 1 (normal control) received standard diet and intragastrically administered with
distilled water for a period of 20 days. Group 2 animals were orally administered with L-
glutamine [100mg (dissolved in distilled water) per kg body-weight per day] by intragastric
intubation for a period of 20 days. In Group 3, animals were administered with distilled water
for a period of 20 days and then injected with isoprenaline [11mg (dissolved in physiological
saline) per 100 g body-weight per day, intraperitoneallyfor two days] for the induction of
myocardial infarction. In Group 4, the animals were pretreated with glutamine [100 mg per kg
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body-weight per day, orally for 20 days before the induction of myocardial infarction as
described for Group 3. Control animals (Groups 1 and 2) were injected with physiological
saline alone for two days.

At the end of the experimental period, i.e. 24 h after last injection of isoprenaline, the
experimental animals were sacrificed and blood collected using heparin as anticoagulant for
the separation of plasma. The troponin-T content in plasma was determined by
electrochemiluminescence immunoassay (ECLIA) using a Modular Analytics E170 (Elecsys
module) immunoassay analyzer. The homocysteine content in plasma was estimated by using a
Microtiter Plate Assay kit (Diazyme Laboratories). The heart tissue was dissected out
immediately, and washed with chilled physiological saline. Mitochondria isolated from the
heart tissue by the method of Johnson & Lardy (1967) were used for the determination of
isocitrate dehydrogenase (EC 1.1.1.42) (Bell & Baron 1960), a-ketoglutarate dehydrogenase
(EC 1.2.4.2) (Reed & Mukerjee 1969), succinate dehydrogenase (EC 1.3.99.1) (Slater &
Borner 1952), malate dehydrogenase (EC 1.1.1.37) (Mehler 1948), NADH dehydrogenase (EC
1.6.99.3) (Minakami et al. 1962), lipid peroxides (LPO) (Ohkawa et al. 1979), reduced
glutathione (GSH) (Ellman 1959), glutathione peroxidase (EC 1.11.1.9) (Paglia & Valentine
1967), glutathione-S-transferase (EC 2.5.1.18) (Habig et al. 1974), catalase (EC 1.11.1.6)
(Takahara 1960) and superoxide dismutase (EC 1.15.1.1) (Misra & Fridovich 1972). The level
of ATP in the heart tissue was determined by the method of Ryder (1985) using a Shimadzu
LC 10 ATvp HPLC. The protein content was estimated by the method of Lowry et al. (1951).

Results are expressed as mean + s.d. Multiple comparisons 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 analyzed using SPSS 10.0 for Windows.

Results

Levels of troponin—T (Fig. 1) and homocysteine (Fig. 2) in the plasma of showed significant
increases in Group 3 isoprenaline-administered rats as compared to normal control rats. Oral
administration of glutamine significantly reduced isoprenaline-induced elevations in the levels
of troponin T and homocysteine as compared to Group 3 animals.

Table 1 shows the activities of TCA cycle enzymes and respiratory marker enzymes in
heart mitochondria of normal and experimental groups of rats. There were significant
reductions noticed in the Group 3 isoprenaline-administered rats. Oral treatment with
glutamine resulted in the maintenance of these mitochondrial enzyme activities at near-
normallevels compared to Group 3 isoprenaline-induced myocardial infarcted rats. It also
significantly reduced the isoprenaline-induced decline in ATP content (Fig.3) in the heart
tissue of experimental rats.

Table 2 shows the levels of lipid peroxidation and reduced glutathione, and the
activities of glutathione-dependent anti-oxidant enzymes (GPX and GST) and anti-
peroxidative enzymes (CAT and SOD) in heart mitochondria of normal and experimental
groups of rats. Injection of isoprenaline caused significant elevation in the level of lipid
peroxidation in the heart mitochondria of Group 3 rats compared to Group 1 normal rats. This
was parallelled by a decline in the level of reduced glutathione and the activities of
glutathione-dependent anti-oxidant enzymes and anti-peroxidative enzymes. Administration of
glutamine significantly reduced isoprenaline-induced oxidative stress and maintained the
mitochondrial anti-oxidant defence system in heart tissue at near-normal. The Group 2 normal
rats receiving glutamine alone did not show any significant change when compared with Group
1 normal rats, indicating that it does not per se have any adverse effects.
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Figure 1: Levels of troponin T in plasma of
control and experimental groups of rats. (meant
sd,n=6). *P<0.001 compared with Group 1 control
animals; °P<0.001 compared with Group 2
glutamine-administered normal rats; °P<0.001
compared with Group 3 isoprenaline-induced
myocardial infarcted rats.
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Figure 2: Levels of homocysteine in plasma of
control and experimental groups of rats. (mean
+ sd,n=6). *P<0.001 compared with Group 1
control animals; °P<0.001 compared with
Group 2 glutamine-administered normal rats;
°P<0.001 compared with Group 3 isoprenaline-
induced myocardial infarcted rats.

Figure 3: Levels of ATP in the heart tissue of
control and experimental groups of rats. (mean +
sd, n=6). ®P<0.001 compared with Group 1 control
animals; °P<0.001 compared with Group 2
glutamine-administered normal rats; °P<0.001
compared with Group 3 isoprenaline-induced
myocardial infarcted rats; P<0.01 compared with
Group 2 animals; ®°P<0.05 compared with Group 1
animals.
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Parameters Groupl Group?2 Group 3 Group 4
(control) (glutamine) (isoprenaline) (glutamine
+ isoprenalinge)

Isocitrate dehydrogenase 698+ 58  712+61 454+ 39°° 659+ 50°
Succinate dehydrogenase 253+20 248 %22 121+ 102° 218+20°
o-Ketoglutarate dehydrogenase 108+9 11712 47.5+3.6° 93.8+10.5"°¢
Malate dehydrogenase 368+41 384+38 184+13%° 341+29°
NADH-dehydrogenase 334459 38.7+45%  18.6+1.0%° 27.6+1.2"¢¢

Table 1: Activities of isocitrate dehydrogenase, succinate dehydrogenase, o-ketoglutarate
dehydrogenase, malate dehydrogenase and NADH-dehydrogenase in the heart
mitochondria of normal and experimental groups of rats.

Means+ sd, n=6. Values expressed: Isocitrate dehydrogenase, nmol of a-ketoglutarate formed min™ (mg protein)™; a-

Ketoglutarate dehydrogenase, nmol of ferrocyanide formed min™ (mg protein)™; Succinate dehydrogenase, pmol of

succinate oxidized min™ (mg protein)™®; Malate dehydrogenase, umol of NADH oxidized min™ (mg protein)™; NADH-

dehydrogenase, umol of NADH oxidized min™ (mg protein)™. ®P<0.001 compared with Group 1 control animals; "P<0.001
compared with Group 2 glutamine-administered normal rats; °P<0.001 compared with Group 3 isoprenaline-induced
myocardial infarcted rats; °P<0.05 compared with Group 1control animals.

Parameters Group 1 Group 2 Group 3 (isoprenaline) Group 4

(control) (glutamine) (glutamine

+ isoprenaline)

LPO 0.158+0.042 0.129+0.036 0.475+0.074%° 0.196+0.038 %"
GSH 3.78+0.21 4.18+0.32¢  2.41+0.15%° 3.54+0.18"¢
CAT 6.45+0.41 6.78+0.37 3.15+0.18%*° 5.91+0.34>¢
SOD 3.16+0.14  3.35+0.18°  1.43+0.052" 3.05+0.11"°¢
GPx 279+024 312+029 2.22+0.18%° 2.82+0.26°
GST 1175+ 98 1201+ 84 491+36%° 820+£73%"°¢

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

groups of rats.

Means + sd, n=6. Values expressed: LPO, nmol malondialdehyde released (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)™;
CAT, 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 epinephrine autoxidation. ®P<0.001 compared with Group 1 control animals; "P<0.001 compared
with Group 2 glutamine-administered normal rats; “P<0.001 compared with Group 3 isoprenaline-induced myocardial
infarcted rats; %P<0.01 compared with Group 1 control animals; °P<0.05 compared with Group 2 glutamine-administered
normal rats; 'P<0.05 compared with Group 1 control rats.

Discussion

The significant elevations noticed in the levels of troponin T and homocysteine in Group 3
isoprenaline-treated rats indicated the severity of isoprenaline-induced infarction in the rat
myocardium. Recentlymyocardial troponin T has increasingly been used as a well-established
indicator for diagnosing myocardial infarction (Roppolo et al. 1999). Investigations by
Senaratne et al. (2000) revealed that hyperhomocysteinemia is associated with an increased
risk of cardiovascular diseases independently of classical risk factors. In the present study, oral
pretreatment with glutamine maintained the levels of troponin T and homocysteine in the blood
stream at near normal. It probably did so by maintaining the delicate balance of tonicity in cells
in the myocardium. Glutamine concentration is a major factor involved in the processes of cell
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volume regulation (Wu 1995). Cell volume affects the most basic processes of cell function,
and hence exerts an important role in the onset, severity, and outcome of myocardial infarction.
Earlier studies (Parolari et al. 1997) indicated that glutamine administration can avert the
severe osmolar changes associated with possible cell death.

Reduction in mitochondrial energy-yielding enzymes coupled with a concomitant
decline in the level of myocardial ATP content in Group 3 rats indicated that the mitochondrial
oxidative phosphorylation was operating at very much lower rate despite the higher energy
demand in the ischemic myocardium. In the present study, oral glutamine intake maintained
the level of ATP and the activities of mitochondrial enzymes at near-normal in Group 4relative
to Group 3 rats. Increased ATP production may reduce myocardial oxygen demand, which
could result in preservation of high-energy phosphate stores under ischemic conditions.
Glutamine is utilized as a major energy source and drives mitochondrial ATP formation. The
first step for glutamine catabolism in the mitochondria is its transport through the inner
mitochondrial membrane. Glutamine is transported in the mitochondria by a protein-catalyzed
process. Glutamine participates in energy production as well as in the synthesis of nucleic acid
components and proteins in mitochondria (Kvamme et al. 2000). Ischemic cells utilize
glutamine for energy production, and a fall in tissue glutamine does occur in the hearts of
patients undergoing coronary artery bypass surgery (Suleiman et al. 1997).

Oxidative stress is the result of excessive production of oxidant species and/or
depletion of intracellular anti-oxidant defences, leading to an imbalance in the redox status of
myocardial cells. Mitochondria are a potential target of injury by oxygen radicals, and an
alteration in mitochondrial membrane function is an important component of oxidative stress in
cells. In the present study, the level of lipid peroxidation was significantly higher in the heart
mitochondria of Group 3 isoprenaline-administrated rats relative to Group 1 controls. This was
parallelled by reduction in the level of reduced glutathione and the activities of glutathione-
dependent anti-oxidant enzymes and anti-peroxidative enzymes in the heart mitochondria of
infarction-induced Group 3 rats. The reduction noticed in the level of GSH was probably due
to decreased synthesis of glutathione, and the decreased availability of GSH might have
resulted in the lowered activities of GPx and GST. Reduction in the activities of SOD and
catalase may lead to the generation of O* and H,0,, which in turn can form hydroxyl radicals
(OH") and bring about a number of reactions harmful to the cellular and subcellular
membranes.

The administration of glutamine significantly prevented the isoprenaline-induced lipid
peroxidation and also maintained the level of reduced glutathione and the activities of anti-
oxidant enzymes in the heart mitochondria of Group 4 rats at near-normal levels. It probably
did so by its anti-oxidant property. Mates et al. (2002) demonstrated that glutamine is used to
supply glutamate and cysteine, perhaps for glutathione biosynthesis. Glutamine has been
shown to preserve total glutathione levels after injury/ischemia (Prem et al. 1999). The
quenching of reactions mediated by reactive oxygen species decreases oxidized protein levels
and normalizes enzyme activities. Glutamine via glutamate and glutathione biosynthesis can
prevent oxidation of highly sensitive enzymes and thus protect the functions of the
myocardium. Matillaet al. (2000) indicated that glutathione concentration was normalized in
animals supplemented with glutamine or alanyl glutamine. It has been shown previously (Hong
et al. 1992) that theadministration of glutamine-supplemented nutrition protects the liver and
improves survival during acetaminophen-induced hepatic injury in rats, an effect probably due
to the maintenance of liver glutathione. Hence the administration of glutamine that protects the
rat myocardium from oxidative stress during isoprenaline-induced myocardial infarction is an
effect probably related to the normal maintenance of heart glutathione, which protects
myocardial cellular and subcellular membranes from oxidative damage by attenuating lipid
peroxidation.
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In the present study, oral glutamine intake was observed to exhibit cardioprotective
effects as demonstrated by a significant decrease in troponin T and homocysteiene in the blood
plasma of rats induced with myocardial infarction. Moreover, glutamine enhanced the
mitochondrial energy status and anti-oxidant defence of the myocardium, suggesting that the
activation of ATP production and reduction of oxidative stress is likely to play a role in the
mechanism of its cardioprotective effects. The cardioprotective effect of glutamine can be
correlated directly with its ability to activate the energy status of the anti-oxidant defence
system. Thus glutamine may be useful as a safe and effective chemopreventive agent in the
management of cardiovascular diseases.
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