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Protective effect of Terminalia chebula against experimental myocardial injury
induced by isoproterenol
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Cardioprotective effect of ethanolic extract of Terminalia chebula fruits (500 mg/kg body wt) was examined in
isoproterenol (200 mg/kg body wt) induced myocardial damage in rats. In isoproterenol administered rats, the level of lipid
peroxides increased significantly in the serum and heart. A significant decrease was observed in the activity of the
myocardial marker enzymes with a concomitant increase in their activity in serum. Histopathological examination was
carried out to confirm the myocardial necrosis. 7. chebula extract pretreatment was found to ameliorate the effect of
isoproterenol on lipid peroxide formation and retained the activities of the diagnostic marker enzymes.
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Several plant products are known to exhibit creditable
medicinal properties for the treatment of heart
ailments and need to be explored to identify their
potential application in prevention and therapy of
human ailments. Notable among these are the fruits of
T. chebula, a legendary, ayurvedic drug that has been
advocated for cardiac disorders'. The fruits of T.
chebula extract are claimed to be useful in treating,
liver diseases, urinary disorders, and heart diseases”
and has been demonstrated for its hypoglycemic’,
hypolipidemic®, antimutagenic®, anti-stress®, immuno-
modulatory® and anti-inflammatory’ properties. 7.
chebula is proved to be a powerful antioxidant than
butylated hydroxy toluene, butylated hydroxy anisole®
and a-tocopherol”.

Myocardial infarction, the most dreaded sequele
among ischemic heart diseases, is invariably followed
by several biochemical alterations, such as lipid
peroxidation, free radical damage, hyperglycemia,
hyperlipidemia etc., leading to qualitative and
quantitative  alterations of the myocardium'.
lsoproterenol“. a fP-adrenergic agonist was chosen to
induce myocardial necrosis, and the extent of
cardioprotection offered by 7. chebula was studied.

Experimental evidence on biochemical role of T.
chebula in myocardial damage is lacking. In this
context, an attempt has been made to elucidate the
maintenance of myocardial integrity in presence or
absence of 7. chebula on isoproterenol induced
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cardiac damage with reference to biochemical

markers and histology.

Materials and Methods

Drug — Fruits of T. chebula powder was gifted by
Rohini Herbal Research Institute Private Limited,
Chennai. 7. chebula powder (1 kg) was soaked in
ethanol for 7 days with intermittent shaking and the
solvent was filtered with Whatman filter paper. The
filtrate was evaporated under vacuum drier and the
brown mass residue obtained was stored at —4°C for
further use. For experimental study, the weighed
amount of residue was dissolved in 0.9% saline and
used.

Chemicals and reagents— Isoproterenol, ethanol,
a-ketoglutarate, bovine serum albumin, adenosine
triphosphate were obtained from Sigma Chemical
Company (St. Louis, Mo, USA). All other chemicals
used were of highest purity.

Animals — Adult male albino rats of Wistar strain
weighing 120 - 150g were used for the study. The rats
were fed with commercial pellet rat chow and water
ad libitum. They were maintained under standard
laboratory conditions with 12 hr light and dark cycle.
The rats were divided into four groups of six animals
each - Group I: normal rats; Group {I: administered
isoproterenol (20 mg/100g; sc, twice at an interval of
24 hr); Group III: rats pretreated vith 7. chebula
extract po (50 mg/100g for a period of 30 days); and
Group 1V: rats pretreated with T. chebula extract po
(50 mg/100g for a period of 30 days) + isoproterenol
(20 mg/100 g; sc, twice at an interval of 24 hr) at the
end of the treatment period.
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At the end of the experimental period, the animals
were anaesthetized with pentobarbital sodium (35
mg/kg, ip). Blood was drawn from the external
jugular vein of the rat and serum separated by
centrifugation. Serum marker enzymes such as lactate
dehydrogenase (LDH)", creatine kinase (CK)"“,
aspartate transaminase (AST), alanine transaminase
(ALT)", lipid peroxides (LPO)" and protein'® were
assayed. The animals were sacrificed 60+5 sec after
the injection. Heart was dissected out and
immediately washed in ice cold saline and a
homogenate was prepared in 0.1M Tris HCI buffer
(pH 7.4). The homogenate was centrifuged at 2500 g
and the supernatant was collected. This was used for
the assay of marker enzymes and lipid peroxides. A
portion of the heart tissue was fixed in formalin (10%)
and subjected to histopathology studies. The study
was approved by the Institutional Animals Ethics
Committee.

Statistical analysis— The data were analysed using
one way ANOVA followed by Duncan's multiple
comparison test. The results from experimental
groups were compared with respective control and p
values < 0.05 were considered statistically significant.

Results

There was a significant elevation in lipid peroxides
and ALT, AST, CK and LDH activity in isoproterenol
injected animals compared to control (Table 1).
T. chebula extract pretreatment significantly reduced
the level of lipid peroxides and the activity of the

marker enzymes when compared with isoproterenol
administered rats (group II). Administration of
T. chebula extract alone (group III) did not show any
significant change.

There was a significant elevation in lipid peroxides
with a concomitant reduction in the activity of marker
enzymes (AST, ALT, CK and LDH) on isoproterenol
administration (group II) when compared to control
(Table 2). Pretreatment with 7. chebula extract
(group 1V) on isoproterenol administration retained
the activity of these enzymes to near normal levels
when compared to group II rats given isoproterenol
alone. In drug control animals (group III), the level of
lipid peroxides and the activity of these marker
enzymes were similar to that of normal rats (group I).

Histopathological studies— Biochemical findings
on effective dose of T. chebula were further
confirmed by histopathological studies. Examination
of myocardial tissue of the control group (Fig.la)
depicted clear integrity of myocardial cell membrane.
Light microscopy showed normal myofibrillar
structure with striations, branched appearance and
continuity with adjacent myofibrils. Isoproterenol
administrated heart tissue (Fig.1b) showed patchy
areas of necrosis, hyalinization of muscle fibres with
focal cellular infiltrations. The muscle fibres showed
vacuolar changes with fragmentation suggestive of
necrosis. In animals pretreated with 7. chebula alone
(Fig.1c), the morphology of the myocardium was
essentially within normal limits. No area of necrosis
and cellular infiltration was seen. Nuclear and fibril

Table 1 —Effect of 7. chebula pretreatment on isoproterenol induced changes in the activities of serum LDH, CK, AST,
ALT and lipid peroxide

[Values are expressed as mean = SE for 6 animals in each group]

Treatment Lipid peroxide LDH
Control 2.22+0.19 75.70 + 2.45
Isoproterenol 4.51 +0.39 143.48 + 491
(20 mg/100 g; sc)

T. chebula 217+0.19 76.20 + 2.87
(50 mg/100 g; po)

T. chebula 2.49 +0.21' 87.11 + 4.27'
{50 mg/100 g; po)

+ Isoproterenol

(20 mg/100 g; sc)

F 105.85 73.948

df 3,20 3,20

CK AST ALT
269.67+3.72 2548 +0.69 12.69 + 0.44
527.60 + 6.06° 4525+ 1.6  23.43 +0.89
286.28+3.78 2212+091 11.97 +0.60
293.76 + 1.26' 29.21+1.30" 14.02 = 0.50'

160.618 58.923 73.167

3,20 3,20 3,20

Activities of AST and ALT are expressed as nmole of phosphorous liberated/sec/mg protein and CK
expressed as p mole of phosphorous liberated/se¢/mg protein. The level of lipid peroxides expressed as

TBARS formed/ml/mg protein.
* P<0.05 compared with control animals.

T P<0.05 compared with animals that received isoproterenol alone.
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Inflammatory cells with reduced density, no confluent
area of multiple sub-endocardial damage was seen as
compared to group 1.

(4

Fig. | —Histological examination of heart in experimental animals. [Hematoxylin and eosin x 100] (a) — Section of heart from control rat
showing normal architecture; (b)— Section of heart from isoproterenol administered heart reveals degenerative changes, hyalinization of
muscle fibres and cellular infiltration; (c)— Section of heart from T. chebula pretreated rats showing apparently normal architecture; and (d)—
Section of heart from 7. chebula pretreated rat on isoproterenol injection reveals near normal architecture

Table 2

Treatment

Control
Isoproterenol
(20 mg/100 g; sc)
T. chebula

(50 mg/ 100 g; po)
T. chebula

(50 mg/100g; po)
Isoproterenol

20 mg/100 g; sc)
F

df

Effect of T. chebula pretreatment on isoproterenol induced changes in the activities of heart LDH, CK. AST,

ALT and lipid peroxide

[Values are expressed as mean +SE for 6 animals in each group]

Lipid peroxide LDH

3.27 + 0.26 111.20 + 0.33
5.54 + 0.41° 63.15 + 5.35"
3.20 + 0.31 110.36 = 1.42
3.69+040  104.08 +2.72'
57.14 58.454
3,20 3,20

CK AST iy
11.01 £ 0.32 40.33+0.28  21.30+0.44
7.35+0.38 27.12+0.54° 13.19+0.89
10.93 + 0.36 39.42+0.76  20.70 = 0.60
10.14 + 0.16' 38.05+0.52'" 18.38+0.50'

26.894 37.099 29.130

3,20 3,20 3,20

Activities of AST and ALT are expressed as nmole of phosphorous liberated/se¢/mg protein and CK
expressed as pmole of phosphorous liberated/sec/mg protein. The level of lipid peroxides expressed as
TBARS formed/ml/mg protein.
*P<0.001 compared with control animals. ¥P<0.001 compared with animals that received
isoproterenol alone.
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Discussion

Need for assessing the size of experimental infarct
arises while evaluating the drugs for their beneficial
effect against myocardial infarction. The serum
enzymes viz., transaminases, creatine kinase and
lactate dehydrogenase serve as sensitive index to
assess the severity of myocardial infarction'’. In
isoproterenol treated rats, the increased activities of
the serum marker enzymes accompanied by their
concomitant reduction in the heart homogenate,
confirms the onset of myocardial necrosis'™"”.

Free radical generated by isoproterenol, initiate
lipid peroxidation of the membrane bound polyunsatu-
rated fatty acids, leading to impairment of membrane
structural and  functional integrity. Myocardium
contains an abundant concentration of many enzymes
and once metabolically damaged releases its content
into extracellular fluid (ECF)EU. Hence, the total
concentration of the marker enzymes found to be
decreased in the tissue of isoproterenol administered
rats as compared to control, might reflect the con-
sequences of cellular injury due to lipid peroxides®'.
This concurs with our findings wherein the activity of
marker enzymes was found to be decreased in animals
subjected to isoproterenol exposure.

Elevation in the activities of serum CK, LDH and
transaminases in isoproterenol injected animals may
be due to necrosis in the heart™™*. The quantity of
enzyme released from the damaged tissue is a

measure of the number of necrotic cells™.

Extent of cardioprotection offered by the drug is
associated with significant attenuation of plasma
creatine kinase” and LDH levels®. In the present
study, near normal activity of the diagnostic marker
enzymes in the serum and heart tissue of group IV
animals is indicative of the fact that 7. chebula extract
has significant cardioprotective effect and maintains
myocardial membrane integrity.

It has been demonstrated earlier that 7. chebula
extract has beneficial effects on cardiovascular
system®’. This confirms its traditional usefulness in
cardiovascular diseases. 7. chebula has been reported
to possess direct muscuranic activity on the heart
muscle. The negative inotropic, negative chronotropic
and hypotensive response observed with it, causes a
reduction in oxygen demand and might protect the
myocardium by decreasing its overload®™. This
activity of the ethanolic extract of T. chebula is
contradictory to the positive inotropic and positive
chronotropic action of isoproterenol which increases
the work load of the myocardium®. Chebulinic acid,

one of the active principles of 7. chebula has shown

to elicit blood pressure lowering effect in rats, on

aortic contraction as well as on cardiac contraction in
30

rats”.

Flavonol aglycone and their glycosides as main

phenolic contents of T. chebula, are potent
. . 3132 . .

antioxidants which are believed to prevent

degenerative  diseases including cardiovascular

diseases. They exhibit a wide range of biological
effects including vasndilalorjy actions™  and
inhibition of platelet aggregation™.

Combined effect of active principles present in the
ethanolic extract of T. chebula might offer protection
against cardiac damage in T. chebula pretreated
isoproterenol injected rats. The histopathological
observations of the heart tissue of 7. chebula extract
pretreated animals (group 1V) showed a near normal
pattern, supporting its role as a promising
cardioprotective agent.
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