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1. Introduction

Objectives: To evaluate the cardioprotective effects of hydro alcoholic extract of Ananas comosus
(A. comosus) (HEAC), on Isoproterenol (ISO) induced myocardial infarction in Albino Wistar rats.
Methods: Myocardial infarction was induced by Isoproterenol (85 mg/kg, s.c.) for two consecutive
days at an interval of 24 h. Rats were pretreated with HEAC (200- 400 mg/kg/day, oral) for a
period of 30 days and Isoproterenol (ISO) was injected on 31st and 32nd day and after 24 h blood
was collected through retro—orbital plexus for the estimation of biochemical parameters and
histopathological studies were also performed. Results: In the present study, ISO administration
significantly elevated the cholesterol, low density lipoprotein, very low density lipoprotein,
triglycerides, alanine aminotransferase and aspartate aminotransferase levels while it decreases
high density lipoprotein and total protein in plasma and administration of HEAC decreases the
level of cholesterol, low density lipoprotein, very low density lipoprotein, triglycerides, alanine
aminotransferase and aspartate aminotransferase levels while it increases high density lipoprotein
and total protein levels. Pretreatment with the HEAC protected the cardiotoxicity induced by
Isoproterenol. The histopathological findings of the ISO-induced myocardium showed infracted
zone with inflammatory cells, lipid droplets, myocardial necrosis and vacuolization of myofibrils
which were reduced by the pretreatment of HEAC. Conclusion: It can be concluded that HEAC
possess cardioprotective activity against Isoproterenol induced myocardial infarction in rats.

Myocardial infarction (M) is the commonly known as
ischemic heart disease or heart attack. It occurs as the
acute condition of necrosis of the myocardium that results

Cardiovascular disease (CVD) remains the principal
cause of death in developed and developing countries,
claiming 17.1 million lives a year. According to world
health organisation it is predicted that CVD will be the most
important cause of mortality in India by 2020[1l. Among
several cardiovascular diseases particularly myocardial
infarction (MI) has become a worldwide health problem
affecting all economic groups of the society and it continues
to be a major public health problem, not only in western and
industrialized countries but also increasingly in developing
countries, such as India and makes significant contribution
to the mortality statisticsl2.3].
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due to the imbalance between coronary blood supply and
myocardial demandi4l. MI symptoms include acute coronary
syndrome, chest pain, sweating, palpitations and anxiety.
Some of the important risk factors of MI are smoking,
hypercholesterolemia, high low density lipoprotein and
low high density lipoprotein, hyperlipoproteinemia,
Diabetes, elevated blood pressure, older age and Obesity.
Complications of myocardial infarction include Arrhythmias,
Congestive Heart Failure, Cardiogenic Shock, Ventricular
Aneurysm and Pericarditis(sl. It is well recognized that there
is increasing generation of reactive oxygen species such as
superoxide anion and hydroxyl radicals and other reactive
oxygen species (ROS) in failing myocardium tissue, bringing
about oxidative damage of membrane lipids, proteins,
carbohydrates and DNA. Hence, therapeutic intervention
with antioxidant may be useful in preventing these
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deleterious changeslol.

The animal model of MI plays an important role in
the prevention, diagnosis and therapy of human MI.
Experimental induction of MI by Isoproterenol (ISO) in
animals is a well—established model to study the protective
role of different cardioprotective agentsl7l. Isoproterenol
[1-@3, 4-dihydroxyphenyl)—2—-isopropylamino ethanol
hydrochloride] (1S0), a synthetic catecholamine and B
—adrenergic agonist, is documented to causes severe
oxidative stress in the myocardium and resulting in infarct—
like necrosis of the heart musclelsl.

Ananas comosus L. (A. comosus) pineapple belongs to
Family Bromeliaceae (pineapple) is a tropical to subtropical
fruit native to Thailand, Philippines, China, Brazil and
Indial9l. In Thailand, A. comosus was used as an indigenous
medicinal plant for the treatment of dysurial10l. The cortices
of A. Comosus L. served as alexipharmic, antitussive,
and antidiarrhea agents in china and other countries. Its
leaves were also used as antidyspepsia or antidiarrheal
agents in Chinese traditional medicinellll. A. Comosus
is also known to possess anti—fertility and abortifacient
activities(12], hepato—protectivel13l, and anti—depressant(14].
A. comosus leaves enriched with phenols has antidiabeticl!5]
and anti-hypolipidemiclié]l. Pineapple contains several
pharmacologically active phytochemicals such as ananasate,
beta—sitosterol, campesterol, chlorogenic acid, rutin,
naringenin, Bromelain, vitamin A, B and C, glycosides and
flavonoidsl14].

2. Materials and methods
2.1. Plant material

The fresh fruit of A. comosus were collected from Lucknow
(U.P.) India, during the month of July 2013 and was
authenticated by NISCAIR, Delhi, (Reference letter no.
NISCAIR/RHMD/Consult/2013/2312/92).

2.2. Extraction of A. comosus

The fruits of A. comosus (Pineapple) after drying were
coarsely powdered, passed through sieve and extracted with
hydro alcoholic solution (70% ethanol) using maceration
processl15].

2.3. Drugs and chemicals

Isoproterenol hydrochloride (Sigma Aldrich, USA),
Atorvastatin (Pfizer), ethanol (s d Fine—Chem Limited,
Mumbai), diethyl ether (s d Fine—Chem Limited, Mumbai),
ethyl diamine tetra acetic acid EDTA (s d Fine—Chem
Limited, Mumbai). All chemicals and reagents used in this
study were of analytical grade.
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2.4. Experimental animals

Albino Wistar rats weighing 100-180 g of either sex were
used in the present study. The animals were housed in
clean polypropylene cages in an air conditioned room
and were kept under standard conditions of humidity (50
+5)%, temperature (25+2)°C and light (12 h light/12 h dark
cycle). The bedding material of the cages was changed
every day. They were kept on standard pallet diet and
water ad libitum. They were initially acclimatized to the
laboratory environment for seven days prior to their use.
The experimental protocol was approved by the Institutional
Animal Ethics Committee [BBDNIIT/TAEC/031/2014].

2.5. Acute toxicity studies

The acute toxicity study is aimed to establish
the therapeutic index i.e., the ratio between the
pharmacologically effective dose and the lethal dose,
and also to perform the primary screening. The hydro
alcoholic extract of A. comosus (HEAC) was administered
once orally. Immediately after dosing, the mice were
observed continuously for 4 h for symptoms of toxicity like
tremors, convulsions, tonic extension, muscle spasm, loss
of righting reflex, ataxia, sedation, hypnosis, lacrimation,
diarrhea, salivation and writhing. Mice were then kept under
observation upto 72 h for any mortalityl17l.

2.6 Induction of myocardial infarction

Isoproterenol (ISO) 85 mg/kg was dissolved in physiological
saline solution and was injected subcutaneously to rats daily
for 2 consecutive days to induce experimental myocardial
infarctionlo].

2.7 Experimental design

Animals after acclimatization in the laboratory were
randomly divided into five groups of six animals in each

group.

Group 1 Control rats received Dist.water (1 mL/kg, p.o.)

Group 2 ISO Control rats received Isoproterenol (85 mg/kg,
S.c.)

Group 3 Standard group rats received Atorvastatin (10 mg/kg)
Group 4 Test 1 rats received lower dose HEAC (200 mg/kg/
day)

Group 5 Test 2 rats received higher dose of HEAC 400 mg/
kg/day) for 30 days.

Isoproterenol (ISO) was injected on 31st and 32nd day and
on the next day blood was collected through retro—orbital
plexus under mild ether anaesthesia. Plasma was obtained
by cold centrifugation of sample set at 3000 rpm for 10 min.
Later, animals were sacrificed by cervical dislocation and
heart tissues were excised immediately, rinsed in ice—
chilled saline and stored at —80 °C till further use for the
biochemical estimations and histopathological analysis.



230

2.8. Biochemical assays

The collected serum was used for the estimation of cardiac
marker enzymes Alanine aminotransferase (ALT), Aspartate
aminotransferase (AST) and serum was also estimated for
the lipid profile including Cholesterol (C), Triglycerides (TG),
High density lipoprotein—cholesterol (HDL-C), and total
protein using commercially available standard enzymatic
kits (Randox Laboratories Ltd., UK).Very low density
lipoprotein—cholesterol (VLDL- C), Low density lipoprotein—
cholesterol (LDL- C) was calculated using the following
formulael18].

VLDL-C =TG/5 and LDL-C = C — (HDL- C + VLDL- C)
2.9. Histopathological assessment of myocardial damage

After sacrifice, the cardiac apex was rapidly dissected
out and washed immediately with ice—cold normal saline
and fixed in 10% buffered formalin. The fixed tissues were
embedded in paraffin, sectioned at 5 Fm and stained
with haematoxylin and eosin (H&E). The sections were
examined under light microscope and photomicrographs
were taken by a Zeiss Axioskop 40 photomicroscope at x 200
magnificationsl6l.

2.10. Statistical analysts

Results of all above estimations have been indicated in
terms of means + SEM. Differences between the groups were
statistically determined by analysis of variance, one way
ANOVA with Tukey post—test using GraphPad Instat version
5.00, GraphPad Software. The level of significance was set at
P<0.05.

3. Results
3.1. Effect of acute toxicity study of HEAC

The results indicated that the HEAC showed no change of
behaviour upto 2 hrs and no. mortality was observed upto 24
hrs at the maximum dose level of 4000 mg/kg b.wt. Therefore
further studies were carried out at the dose levels of 200 &
400 mg/kg b.wt. This shows no lethal or toxic effect upto
4000 mg/kg b.wt. dose.

Table 2
Effect of HEAC fruit on LDL-C, VLDL-C & HDL-C levels.

Priya Saxena and Dharamveer Panjwani/ Journal of Acute Disease (2014)228-234

3.2. Effect of HEAC on cholesterol and triglycerides levels

1SO induced myocardial infracted rats showed a significant
increase in the levels of serum total cholesterol and
triglycerides (Table 1). HEAC pretreatment significantly
decreased the levels/concentrations of cholesterol and
triglycerides in the serum of ISO induced myocardial
infracted rats. As depicted in Figure 1 and Figure 2.

Table 1
Effect of HEAC fruit on cholesterol & triglycerides levels.

S.NO.  Groups Cholesterol (mg/dL)  Triglycerides (mg/dL)
1. Control 56.28+1.53 52.55+1.34
2. ISO control 88.56+1.50 191.30+2.24
3. Standard 61.30+1.59" 64.60+2.42"
4. Test 1 69.10+1.44" 142.92 +1.70°
5. Test 2 63.80+1.11" 71.13+3.93"

n=6; Data were expressed as Mean +SEM; aP<0.001vs Control. Data
were analyzed by One way ANOVA followed by Tukey Post Multiple

Comparison test.
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Figure 2. Effect of HEAC on triglycerides.

S.NO. Groups LDL-C (mg/dL) VLDL-C (mg/dL) HDL-C (mg/dL)
1. Control 19.13+0.34 10.51+0.27 2691131
2. 1SO control 34.55+0.96 38.26+0.45 15.75+0.37
3. Standard 26.54+1.00" 12.92+0.48° 21.840.84"
4, Test 1 23.91:0.67° 28.52:£0.34° 16.60+0.68"
5. Test 2 30.35+1.15° 14.23+0.79° 19.23+0.87°

n=6; Data were expressed as Mean +SEM; ¢P<0.05, bP<0.01, aP<0.001vs Control. Data were analyzed by One way ANOVA followed by Tukey

Post Multiple Comparison test.
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3.3. Effect of HEAC on Low Density Lipoprotein—Cholesterol,

Very Low Density Lipoprotein—Cholesterol and High
Density Lipoprotein— Cholesterol levels

ISO induced myocardial infracted rats revealed a significant
increase in the levels of serum LDL-C and VLDL-C with a
significant decrease in the levels of serum HDL-C (Table 2).
Pretreatment with HEAC significantly decreased the levels
of serum LDL-C, VLDL-C and significantly increased the
levels of serum HDL-C in ISO induced myocardial infracted
rats. As depicted in Figure 3, 4 and 5.
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Figure 3. Effect of HEAC on low—density lipoprotein.
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Figure 4. Effect of HEAC on very low — density lipoprotein.
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Figure 5. Effect of HEAC on high— density lipoprotein.

3.4. Effect of HEAC on Alanine aminotransferase & Aspartate

aminotransferase levels

Isoproterenol induction caused significant increase in
the activities of serum in cardiac marker enzymes (AST
and ALT) when compared with control rats (Table 3). Oral
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treatment with HEAC restored all the Isoproterenol-induced
alterations of serum to normal levels. As depicted in Figure
6and 7.
Table 3
Effect of HEAC fruit on alanine aminotransferase & aspartate

aminotransferase levels.

S.NO.  Groups AST (U/L) ALT (U/L)
1. Control 101.57+3.24 68.45+2.25
2. 1SO control 105.87+2.88 101.57+3.24
3. Standard 123.07+5.90" 105.87+2.88"
4, Test 1 117.23+4.42° 123.07+5.90°
5. Test 2 101.57+3.24" 117.23+4.42°

n=6; Data were expressed as Mean +SEM; bP<0.01, aP<0.001vs
Control. Data were analyzed by One way ANOVA followed by Tukey
Post Multiple Comparison test.
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Figure 6. Effect of HEAC on Aspartate aminotransferase.
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Figure 7. Effect of HEAC on Alanine aminotransferase.

3.5. Effect of HEAC on Total protein level

I1SO injected rats showed a significant decrease in total
protein as compared to control rats (Table 4). Administration
of HEAC to ISO injected rats showed a significant increase
in total protein level as compared to ISO injected rats due to
presence of antioxidant. As depicted in Figure 8.

3.6. Histopathological Studies

Group 1— Control (A) heart showing normal cardiac muscle
fibres without any fraying of infarction. Group 2— Negative
Control (B) (ISO, 85 mg/kg) heart showing infracted zone
with edema, inflammatory cells, lipid droplets, myocardial
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necrosis and vacuolization of myofibrils. Atorvastatin—
treated (C) heart showing edema with mild inflammatory
cells infiltration at the myocardium. HEAC (D) (200 mg/
kg + 85 mg/kg) treated group shows moderate edema and
inflammatory cells with decreased area of coagulative
necrosis of myocardial fibres. HEAC (E) 400 mg/kg + 85 mg/
kg) treated group shows mild edema but no infarction and
inflammatory. As depicted in Fig. 9.

Table 4

Effect of HEAC fruit on Total protein level.

S.NO. Groups Total protein
1. Control 9.19+0.24
2. ISO control 6.97+0.09
3. Standard 8.19+0.26"
4. Test 1 7.13+0.15"
5. Test 2 7.08+0.14"

n=6; Data were expressed as Mean +SEM; bP<0.01, aP<0.001 vs
Control. Data were analyzed by One way ANOVA followed by Tukey
Post Multiple Comparison test.
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Figure 8. Effect of HEAC on total protein.

4. Discussion

Myocardial infarction (MI) is one of the main causes of
death from cardiovascular disease (CVD)[19]. Myocardial
infarction, a highly prevalent ischemic condition
characterized by tissue necrosis develops essentially due to
an imbalance between oxygen need and actual supply(20l.
The present study was designed to investigate the protective
effect on A. comosus Isoproterenol—induced myocardial
functional and structural damage through reduction of lipid
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(A) Control (B) Negative control

(C) Standard
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peroxidation.

Isoproterenol or Tsoprenaline is a synthetic catecholamine
and beta—adrenergic agonist that causes severe oxidative
stress in the myocardium resulting in infarct-like necrosis
of the heart muscles which leads to development of MI. 1SO-
induced myocardial necrosis is the most authenticated model
of MI in ratsl21]. On auto—oxidation, ISO generates highly
cytotoxic free radicals known to stimulate peroxidation
of membrane phospholipids and cause severe damage to
the myocardial membranel22]. Some of the mechanisms
proposed to explain ISO—induced damage to cardiac
myocytes include hypoxia due to myocardial hyperactivity
and coronary hypotension, increased intracellular calcium
overload, depletion of energy and excessive production
highly cytotoxic free radicals as a result of catecholamine
autoxidation which can cause loss of function and integrity
of myocardial membranes(23].

Catecholamines are important regulators of myocardial
contractility and metabolism. Catecholamines are
responsible for cellular damage, observed in clinical
conditions like angina, transient myocardial hypoxia, acute
coronary insufficiency and subendocardial infarct. Animals
develop infarct like lesions when injected with IS0, a
potent catecholamine. These lesions are morphologically
similar to those of “coagulative myocytolysis” or myofibrillar
degeneration, one of the finding described in acute
myocardial infarction(18].

Administration of large amount of catecholamines,
particularly Tsoproterenol to experimental animals
constitutes a rapid and reproducible means of provoking
myocardial ischemial24].

ISO metabolism produces quinines, which react with
oxygen to produce superoxide anion and hydrogen peroxide,
leading to oxidative stress thereby damaging the myocardial
cells. The excessive formation of free radicals as well as
lipid peroxidation has been recognized as one of the possible
mechanism for myocardial damage caused by 1S0. Lipid
peroxidation is one of the main manifestations of oxidative
damage initiated by reactive oxygen species (ROS) and has
been linked to altered membrane structure and enzyme
inactivation(7].

Antioxidants constitute the foremost defence system that

(D) Test 1

Figure 9. Effect of A. comosus on the histological morphology of rat heart shown by hematoxylin and eosin staining (x200): (A) control; (B) ISO

control; (C) standard; (D) test 1; (E) test 2.
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limits the toxicity related to free radicals. The balance
between antioxidants and free radicals is an important
process for the effective removal of oxidative stress in
intracellular organelles. In pathological conditions like
MI, in which the generation of ROS can dramatically upset
this balance with an increased demand on the antioxidant
defence system(25]. Hydrophilic antioxidants (like Vitamin
C) appears to be the first line antioxidant defences against
reperfusion damage during the return of blood flow play
an important role in protecting the integrity of cellular
membranes from oxidative damage at later times. Decrease
in the level of vitamin ¢ could be due to increased utilization
of vitamin C excess increased ROS [4]. Vitamin E is a lipid
soluble antioxidant that protects membrane unsaturated
fatty acids and other components from oxidation by free
radicals[20].

Lipids play an important role in cardiovascular diseases,
not only in hyperlipidemia and the development of
atherosclerosis, but by modifying the composition,
structure and stability of the cellular membranesi21].
Hypertriglyceridemic patients are also at a risk for
cardiovascular disease often develops a lipoprotein profile
characterized by elevated triglyceride, LDL, and low HDL
cholesterol, which causes myocardial membrane damagel26].
Cholesterol is a major component of the atherosclerotic
plaque that is associated with MI. The increased myocardial
cholesterol content observed in ISO induced myocardial
infarcted rats is because of increased uptake of LDL—C from
the blood by myocardial membranes(2l. LDL formation occurs
primarily by the catabolism of VLDLI27l. Further, elevated
flux of fatty acids and impaired removal of VLDL from the
plasma is the reason for the increased levels of triglycerides
observed in 1SO-induced myocardial infracted ratsl2l.
Whereas HDL inhibits the uptake of LDL from arterial wall
and facilitates the transport of cholesterol from peripheral
tissues to the liver, where it’s catabolised and excreted from
the bodyl271.

Prior treatment with HEAC significantly decreased the
levels of cholesterol, triglycerides, LDL and VLDL in the
serum and increased the levels of HDL in 1SO induced
myocardial infarcted rats.

Myocardium contains plentiful concentrations of diagnostic
markers of myocardial infarction and once metabolically
damaged, it releases its contents into the extra cellular
fluid. Enzymes, the macromolecules that leak from damaged
tissues because of their tissue specificity and catalytic
activity, are the best markers of tissue damage. Cytosolic
enzymes which serve as the diagnostic markers like AST and
ALT leak out from the damaged tissue to blood stream when
cell membrane becomes permeable or rupture. The amount
of these cellular enzymes in serum reflects the alterations
in plasma membrane integrity and/or permeability(23l. In the
present study ISO injected rats showed significant elevation
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in the levels of these marker enzymes in serum, which
were in line with the previous reports and indication of ISO
induced necrotic damage of the myocardium and leakiness
of the plasma membrane and prior treatment with HEAC
significantly decreased the levels of AST and ALT.

A decrease in total protein levels were observed in I1SO
injected rats and this could be due to increased free
radical production by ISO. Administration of HEAC showed
improvement in serum protein levels due to the presence of
antioxidant activity as compared to ISO injected rats.
Atorvastatin is a cholesterol-lowering agent that acts
by competitively inhibiting the rate limiting enzymes of
cholesterol biosynthesis, 3—hydroxy-3—-methylglutaryl-
CoA (HMG-CoA) reductase. Statins known prevent
hypercholesterolemia, a major risk factor in the development
of coronary heart disease and stroke. Pretreatment with
Atorvastatin (10mg/kg) attenuated the cardiac damage
caused by Isoprenaline(28].

The histopathological findings of myocardial tissue
in control illustrated clear integrity of the myocardial
cell membrane and no inflammatory cell infiltration
was observed. The 1SO-induced myocardium showed
degeneration and disruption of cardiac myofibers, marked
necrosis in the ventricular region, infracted zone with
oedema, inflammatory cells and separation of cardiac
muscle fibers. Pretreatment of HEAC (200 mg/kg) showed
decreased area of infarction with coagulative necrosis and
inflammatory cells with moderate oedema in myocardium.
There was mild oedema but no infarction and inflammatory
cells and the cardiac fibers were within the normal limits in
myocardium of rats pretreated with HEAC 400 mg/kg). The
protection might have been mediated through A. comosus
induced increase in basal myocardial antioxidant enzyme
activities.

In conclusion, the study reveals that A. comosus has strong
antioxidant and Bromelain activity and it can maintain cell
membrane integrity and improve cardiac systolic/diastolic
dysfunction induced by Tsoproterenol. The findings proved
to be more effective in reducing the extent of myocardial
damage and significantly counteracted the oxidative stress
during Isoproterenol-induced myocardial infarction in rats.
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