Effect of aspirin on lipid peroxidation
in experimental myocardial
infarction in rats
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In myocardial necrosis induced by isoproterenol, a marked increase in serum iron content and significant
decrease in plasma iron binding capacity, ceruloplasmin activity, and glutathione level were observed.
The increase in phospholipase activity and lipid peroxides level, with lowering of glutathione peroxidase,
glutathione-S-transferase, catalase, and superoxide dismutase activities observed in isoproterenol treat-
ment may lead to the excessive formation of free radicals, resulting in cardiac cell damage. Aspirin, an
antithrombotic agent, showed a marked reversal of these metabolic changes related to ischaemia induced
by isoproterenol. (J. Nutr. Biochem. 5:95-98, 1994.)
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Introduction

Isoproterenol-induced myocardial infarction in rats has
been shown to be accompanied by hyperglycemia, hy-
perlipidemia, and increased levels of myocardial lipid
peroxides.! Excessive formation of free radicals may
result in the loss of function and integrity of myocardial
membranes.? Recently, it has been indicated that pre-
treatment with aspirin, an inhibitor of cyclooxygenase,
provides protection against ischemia injury.?

The aim of the present study was to understand the
mechanism of cardiac damage in relation to lipid perox-
ides, serum iron content, plasma iron binding capacity,
ceruloplasmin activity, glutathione level (GSH), and ac-
tivities of phospholipase, glutathione peroxidase (GPD),
glutathione-S-transferase (GST), superoxide dismutase
(SOD), and catalase (CAT) to study the effect of aspirin
against isoproterenol-induced myocardial ischemia.

Methods and materials

Isoproterenol, epinephrine, 1,1'3,3’ tetramethoxy propane, and
bovine serum albumin were purchased from Sigma Chemical
Company (St. Louis, MO USA). Aspirin was obtained from
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R.R. Pharmacy, Madras, India. All other chemicals used were
of analytical grade.

Adult male Wistar rats weighing 100 to 150 g were obtained
from Veterinary College, Madras, India. They were fed with
a commercial pelleted rat chow (from M/s. Hindustan Lever
Limited, Bombay, India) and provided water ad libitum. The
rats were divided into four groups. Group 1 served as controls,
group 2 rats were injected with isoproterenol, 200 mg/kg., Sc
twice at an interval of 24 hr. Group 3 rats were fed aspirin,
1.0 mg/100 g, orally by intubation daily for 3 months.* Group
4 rats received isoproterenol, 200 mg/kg, Sc twice at an interval
of 24 hr after treatment of aspirin 1.0 mg/100 g orally by
intubation daily for 3 months.

After the experimental period, the rats were killed by cervi-
cal dislocation. The heart tissues, plasma, and serum were
taken for analysis of biochemical parameters. Estimation of
serum iron,’ plasma iron binding capacity,® and ceruloplasmin
activity” were done by standard methods. Estimation of cardiac
necrosis,® levels of glutathione (GSH),® and activities of gluta-
thione peroxidase (GPD),'® glutathione-S-transferase (GST),"
catalase (CAT),'? superoxide dismutase (SOD),'? and phospho-
lipase'* in the heart were also estimated. The level of lipid
peroxides in terms of “TBA reactants”'> were determined
using 1,1'3,3' tetramethoxy propane as the standard. Protein
was determined by the method of Lowry et al.'®

The results were analyzed by applying Students ¢ test.

Results
Survival rate

The rate of survival in rats given aspirin was 100%, as
compared with control rats. The percentages of animals
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surviving was more in the group 4 animals (given aspirin
and isoproterenol (85 to 90%)) than in group 2 animals
(given isoproterenol alone) (50 to 55%).

Maximal cardiac necrosis and enlargement occurred
in group 2 animals. In group 4 animals the cardiac necro-
sis and enlargement was much less than in group 2
animals. Aspirin-treated rats did not show any significant
change when compared with control rats (Figure 1).

Table 1 presents the levels of serum iron content,
plasma iron binding capacity, ceruloplasmin activity, and
GSH of control and test rats. In isoproterenol-treated
animals the serum iron content increased significantly
with a decrease in GSH level, ceruloplasmin activity,
and iron binding capacity. Rats receiving both aspirin
and isoproterenol minimized these changes.

Levels of GSH, lipid peroxides, GST, GPD, CAT,

SOD, and phospholipase in heart are shown in Table 2.
Significant decreases in the level of GSH and in GST,
GPD, SOD, and CAT activities with an increase in phos-
pholipase activity and lipid peroxides level were ob-
served in isoproterenol treatment (group 2). The
alterations were minimal in rats receiving both aspirin
and isoproterenol. Group 3 rats did not show any signifi-
cant change when compared with control rats.

Discussion

Stanton et al. suggested that the cardiovascular actions
of isoproterenol may lead to cardiac necrosis, and the
results obtained in the present study demonstrate these
actions.® Aspirin treatment protected rats from cardiac
necrosis and enlargement induced by isoproterenol.
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Figure 1 Effect of aspirin pretreatment on the cardiac necrosis (riditis) induced by isoproterenol. C, control rats; |, isoproterenol (200 mg/Kg, Sc)
twice at an interval of 24 hr; A, aspirin (1.0 mg/100 g, orally by intubation) daily for 3 months. A+1, isoproterenol (200 mg/kg, Sc) twice at an
interval of 24 hr after treatment of aspirin (1.0 mg/100 g, orally by intubation) daily for 3 months. Mean + SD of six rats per group. As compared
with control: ***P < 0.001; *P < 0.05; NS, not significant.

Table 1 Effect of isoproterenol and aspirin on serum iron, plasma iron binding capacity, blood glutathione, and ceruloplasmin activity

Plasma iron
Serum iron binding capacity Giutathione Ceruloplasmin activity
Group Treatment (meg/dl) (meg/dl) (mg/di) (Units/ml)
1. None 440 = 2.3 454 + 16 577 £ 1.6 0.927 = 0.08
2. Isoproterenol 71.0 = 2.2* 31.6 = 3.9 42.7 £ 3.9™ 0.636 + 0.03"™
3. Aspirin 47.9 = 3.7 449 + 2.3 569 = 3.7 0.906 + 0.08"
4. Aspirin + isoproterenol 48.7 + 3.5N 405 + 3.7 53.5 = 5.1ns 0.871 = 0.07™

Mean * SD of six rats per group.
As compared with control: ***P < 0.001; NS, not significant.
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Table 2 Effect of isoproterenol and aspirin on lipid peroxides, glutathione, glutathione peroxidase, glutathione-S-transferase superoxide dismutase

catalase, and phospholipase level in the rat heart

Lipid Glutathione Glutathione-S- Superoxide
Group Treatment peroxides Glutathione peroxidase transferase dismutase Catalase Phospholipase
1. None 3.3 x 0.21 49 + 0.32 25+ 071 823 = 15.2 3.1+ 027 47 + 0.15 0.21 = 0.01
2. Isoproterenol 4.2 + Q.17 23 = 0.21** 1.8 £ 0.1t 722 x 225" 1.6 + 0.13"™ 1.9 = 012 0.31 = 0.02***
3. Aspirin 3.4 + 0318 50+ 0418 26 + 0028 901 + 31.8% 30 + 0.19% 48 + 0.23%  0.20 + 0.01ns
4. Aspirin +
isoproterenol 3.5 + 0.16M 4.3 + 0.34% 2.3 + 0.19% 887 + 267 25 + 024% 4.0 + 0.30* 0.26 = 0.01"

Level of lipid peroxides is expressed as n moles of “TBA reactants”/mg protein; level of glutathione is expressed as n moles of GSH/g tissue.
Activity of glutathione peroxidase is expressed as mcg of GSH utilized/min/mg protein. Activity of glutathione-S-transferase is expressed as n moles
of CDNB conjugated/min/mg protein. Activity of catalase is expressed as n moles of H,0, decomposed/min/mg protein. Activity of superoxide
dismutase expressed as units/mg protein. Activity of phospholipase is expressed as micromoles of FFA/mg protein.

Mean + SD of six rats per group. As compared with control; P < 0.001; *P < 0.05; NS, not significant.

The increased levels of free iron are usually associated
with decreased iron binding capacity, and decreased ce-
ruloplasmin activity was seen in isoproterenol treated
rats. During ischemia the free iron released from hem-
dependent proteins, such as hemoglobin and myoglobin,
due to decreased iron binding capacity increases prosta-
glandin metabolism and in vivo lipid peroxidation by
producing hydroxy and superoxide radicals.!”-'® Aspirin
treatment decreases the level of serum iron by increasing
the iron binding capacity and also inhibits prostaglandin
production by inactivating the enzyme cyclooxygenase,
a hem-dependent enzyme,'? and thereby preventing iron-
catalyzed lipid peroxidation.

Ceruloplasmin (free iron scavenger) activity is found
to be decreased during isoproterenol treatment.?® Aspirin
treatment increases the ceruloplasmin activity, resulting
in the decreased production of free iron.

Isoproterenol-treated rats showed a decrease in the
level of heart GSH with a decrease in the activities of
GPD and GST. During infarction the myocardium, which
is exposed to a large flux of hydrogen peroxide and
hydroxy radical, leads to the accumulation of oxidized
glutathione (GSSG) the oxidized product of GSH.?
GSSG inactivates many enzymes containing the SH
group and inhibits protein synthesis.?> GPD, an SH-
containing protein, is inactivated by peroxides and hy-
droxy radicals in the absence of reduced glutathione,
resulting in the production of hydrogen peroxides.?* As-
pirin treatment maintains the GSH level and increases
the activity of GPD and GST. The decreased GSH deple-
tion in aspirin-treated rats may be due to the decreased
production of the hydroxy radical. The availability of
GSH maintains the activities of GPD and GST.

Heart SOD and CAT activities were significantly re-
duced in isoproterenol-treated rats. In myocardial in-
farction, the production of superoxide radicals modulates
SOD and CAT, resulting in the loss of activity and accu-
mulation of superoxide anion, thus damaging the myo-
cardial cell.>* Aspirin treatment increases the level of
SOD and CAT. Similar results have been reported by
Sushamakumari et al.>*> Aspirin directly scavenges super-
oxide radicals and reduces the myocardial damage
caused by free radicals.?®

Isoproterenol treatment showed increases in the activ-

ity of phospholipase and an increase in the level of
lipid peroxides in serum and heart. During infarction
the increase in phospholipase activity leads to the accu-
mulation of polyunsaturated fatty acids, which undergo
peroxidation catalyzed by the enzyme cyclooxygenase
and lipoxygenase, resulting in the formation of lipid
peroxides.?” High level of lipid peroxides injure blood
vessels, causing increased adherence and aggregation of
platelets to the injured sites.?® Aspirin treatment de-
creases the activity of phospholipase and also decreases
the level of lipid peroxides by inactivating the enzyme
cyclooxygenase.?

The results suggest that the biochemical lesion due
to the activation of lipid peroxidation and decrease in
the antioxidant status are significantly implicated in ex-
perimental myocardial infarction induced by isoprotere-
nol. The protective effect of aspirin is achieved by
decreasing the peroxide concentration and by the nor-
malization of the antioxidant defense enzymes such as
GPD, GST, SOD, and CAT.
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