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ABSTRACT: The present study aims to evaluate the cardioprotective effect of Fisetin on lipid peroxides and
antioxidant enzymes(enzymatic and non-enzymatic antioxidants) in isoproterenol induced Myocardial infarction in
wistar rats. Cardiac toxicity is induced by Isoproterenol in rats, administrated for an interval of 24 hrs for 2 days
through subcutaneous injection. Rats induced bylsoproterenolhave shown a increase significant in the activities of
thiobarbituric acid reactive substances,lipid hydroperoxides in heart tissue and plasma and a significantly decrease in
the levels of circulatory enzymatic antioxidants like catalase,superoxide dismutase,glutathione peroxidase , glutathione
reductase and glutathione-S-transferase in heart and the activities of reduced glutathione,VitaminC and Vitamin E in
plasma and heart tissue and ceruloplasmin in plasma. Pre-treatment of fisetin (10, 20 and 30mg/kg) orally for a period
of 30 days have showed a significant decrease the levelsof lipid peroxidation products and increased the activities by
improving the enzymatic and non-enzymatic antioxidants.Thus, the study exposes that Fisetin prevents cardioprotective
effect against isoproterenol induced Myocardial infarction for its free radical scavenging and antioxidant effects, which
keep up the tissue protection system against cardiac damage.
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. INTRODUCTION

Myocardial infarction (MI) is one of the most death causing disease for both men and women[1]. Myocardial
infarction makes an increase contribution to mortality and morbidity statistics in developing countries due to their
lifestyle changes mostly in urban areas[2]. MI occurs as a outcome of prolonged imbalance between coronary supply of
blood and demand of myocardium. There is an strong evidence that indicates ischemic tissue produces oxygen free
radicals,it contains odd number of electrons,that’s makes chemically reactive and often leading to chain reaction which
contributes to cell death[3,4]. The model of isoproterenol-induced myocardial infarction is considered as most widely
used experimental methodto study the beneficial effects of many drugs and cardiac function[5]. Isoproterenol, a f3-
adrenergic agonist and catecholamine has been reported to shown many metabolic and morphological abnormalities in
the heart tissue of the experimental animals similar to those in human myocardial infarction[6]. It is also well known
thatlsoproterenolgenerate free radicals and stimulate lipid peroxidation, which maycause irreversible damage to
membrane of myocardium[7]. Epidemiological studies have shown thatintake of diet rich fruits, herbs and spices are
associated with low risk of cardiovascular disease[8]. Recently, attention has been focused on non-nutrient
phytochemicals and flavonoids, derived from different plant species as effective therapeutic agents in the prevention
and management of cardiovascular disease due to their antioxidant nature[9].Fisetin (3,3’,4’,7-tetrahydroxyflavone,
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Figure 1), a dietary phenolic flavonoid rich in strawberry,onion,persimmon and cucumber. It has a wide variety of
pharmacological activities such as antioxidant andanti-inflammatory activity mainly acting as a free radical
scavenger[10].Fisetin is able to scavenge free radicals produced by Isoproterenol, as a result of its electron donating
capacity,due to the presence of two hydroxyl group on one ring and a hydroxyl group in another ring .

Fig.1. Structure of the flavonoid fisetin

However no systematic studies were found to be done on effect of Fisetin on experimental animal model of
Myocardial infarction. Hence the present study was aim to evaluate the cardioprotective effect of Fisetin on lipid
peroxide metabolism and antioxidant enzyme activity on Isoproterenol induced Myocardial infarction in male albino
wistar rats.

. MATERIALS AND METHODS

Experimental animals and diet

The experiments were carried out according to the guidelines of the Committee and approved by the
Institutional animal ethical committee( IAEC/XLI/03/CLBMCP/2017).All the experiments were done with an healthy
male albino wistar rats weighing 150 — 180 g. They were housed in polypropylene cages (47 cm x 34 cm x 20 cm) lined
with husk, renewed every 24 h under a 12:12 h light dark cycle at around 22°C. The rats had free access to tap water
and food. The rats were fed on a standard pellet diet (PranavAgro Industries Ltd., Maharashtra, India). The pellet diet
consisted of 22.02%crude protein, 4.25% crude oil, 3.25% crude fibre, 7.5% ash, 1.38% sand silica, 0.8% calcium,
0.6% phosphorus, 2.46% glucose, 1.8% vitamins and 56.17% nitrogenfree extract (carbohydrates). The diet provided a
metabolisable energy of 3000 kcal.

Drug and chemicals

Fisetin were purchased fromSigma Chemical Company, Deisenhofen, Germany.lsoproterenol hydrochloride,
nitroblue tetrazolium, phenazine methosulphate, butylated hydroxyl toluene, 1-chloro-24-dinitrobenzene, 2,4-
dinitrophenylhydrazine, p-phenylenediamine and glutathione were purchased from Sigma Chemical Co., St. Louis,
MO, USA.AIl the other chemicals used in this study were of analytical grade and obtained from E.Merck and
HIMEDIA, India.

Induction of experimental myocardial infarction

Isoproterenol (100 mg/kg) was dissolved in normal saline and subcutaneously injected to rats at an interval of
24 hrs for 2 days.
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Experimental design

The animals were grouped into six rats in each group:Group I: Normal control rats; Groups Il, 1l and IV:
Normal rats were treated with Fisetin (10, 20 and 30 mg/kg); Group V: ISO-control rats (100 mg/kg) alone; Groups VI,
VIl and VIII: rats were pretreated with Fisetin (10, 20 and 30 mg/kg) and then subcutaneously injected with
Isoproterenol (100mg/kg). Fisetin was dissolved in 0.5% dimethyl sulfoxide (DMSO) and orally administrated using an
intragastric tube daily for a period of 30 days. On the 31" day at 9.00 am, the first dose of isoproterenol was
subcutaneously induced to rats . Twelve hours after the second dose of 1SO-injection, all the rats were anesthetized and
thensacrificed by cervical decapitation. Blood was collected and serum and plasma were separatedby centrifugation.
Heart tissue were excised immediately and rinsed in ice-chilled normal saline and the whole height was weighed.

Processing of heart sample

Heart tissue were removed immediately and washed in ice cold physiological saline containing 0.9% sodium
chloride. Heart tissue sample were homogenized in the appropriate buffer in a homogenizer and used for the following
biochemical parameters.

Biochemical estimations

The activity of thiobarbituric acid reactive substances (TBARS) was estimated by the methods of Yagi [12]
and Fraga et al.,[13]. The values were expressed as nM/ml and mM/100g wet tissue. The levels of lipid hydroperoxides
were estimated by the method of Jiang et al.,[14] .Values were expressed as x10° mM/dL for plasma and mM/100g wet
tissue for heart. The activities of superoxide dismutase (SOD) was assayed according to the procedure of Kakkar et
al.,[15]. The activity of SOD was expressed as units/mg protein. The activities of catalase(CAT) were assayed by the
methods of Sinha.,[16], The activity of catalase was expressed as pumol ofH,O, consumed/min/mg protein. The
activities of glutathione peroxidase (GPx), glutathione reductase (GRx) and glutathione-S-transferase (GST) Rotruck et
al.,[17], Horn and Burns.,[18] and Habig and Jakoby.,[19], respectively. The levels of reduced glutathione (GSH),
vitamin C, vitamin E and ceruloplasmin were estimated by the methods of Ellman[20], Omaye et al.,[21], Baker et
al.,[22] and Ravin[23], respectively. The content of protein in the heart homogenate was determined by the method of
Lowry et al.,[24].

Statistical Analysis

Statistical analysis was performed by one-way analysis of variance (ANOVA) followed by Duncan’s multiple
range test (DMRT) using Statistical Package for the Social Sciences(SPSS) software package version 17.00. Results
were expressed as mean=SD for six rats in each group. P values< 0.05 were considered significant.

1. RESULTS

Figure- 2(a,b) shows the levels of TBARS in plasma and the heart of normal and experimental rats. Rats induced
with Isoproterenol hydrochloride showed a significant (P< 0.05) increase in the levels of TBARS in plasma and the
heart when compared to normal control rats. Oral pretreatment with Fisetin (10, 20 and 30 mg/kg) to 1SO-induced rats
daily for a period of 30 days significantly (P< 0.05) decreased the levels of TBARS in plasma an the heart when
compared with ISO alone induced rats.
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Fig 2(a,b)-Effect of Fisetin on the levels of TBARS in plasma and heart of normal and isoproterenol (1SO)-induced myocardial infarction in rats.
Each value is mean + SD for six rats in each groups; values not sharing a common superscript ( a, b, ¢, d, e ) differ significantly with each other
(P<0.05, DMRT)

Figure-3(a,b) shows the levels of lipid hydroperoxide (HP) in plasma and the heart of normal and experimental
rats. Rats induced with Isoproterenol hydrochloride showed a significant (P< 0.05) increase in the levels of HP in
plasma and the heart when compared to normal control rats. Oral pretreatment with Fisetin (10, 20 and 30 mg/kg) to
ISO-induced rats daily for a period of 30 days significantly (P< 0.05) decreased the levels of HP in plasma an the heart
when compared with 1SO alone induced rats.

Heart Lipid Hydroperoxides

mM/ 100g wet tissue

NUNEN

Fig 3.(a)-Effect of Fisetin on the levels of lipid hydroperoxides(HP) in heart of normal and isoproterenol (ISO)-induced myocardial infarction in
rats. Each value is mean + SD for six rats in each groups; values not sharing a common superscript ( a, b, c, d, e ) differ significantly with each other (
P<0.05, DMRT)
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Fig 3.(b)- Effect of Fisetin on the levels of lipid hydroperoxides(HP) inplasma of normal and isoproterenol (ISO)-induced myocardial infarction in
rats.Each value is mean £ SD for six rats in each groups; values not sharing a common superscript (a, b, c, d, e ) differ significantly with each other
(P<0.05, DMRT)

Table 1- shows the activities of SOD and catalase in the heart of normal and experimental rats. In ISO-treated
rats, the activities of these enzymes were declined significantly (P< 0.05) in the heart when compared to normal rats.
Pretreatment with Fisetin (10, 20 and 30 mg/kg) to 1SO-induced rats significantly (P< 0.05) increased the activities of

these enzymes when compared to 1SO-alone induced rats.

Groups Normal Normal + Normal + Normal + I1ISO Fisetin Fisetin Fisetin
control Fisetin Fisetin Fisetin (100mg/kg) (10mg/kg) (20mg/kg) (30mg/kg)
(10mg/kg) (20mg/kg) (30mg/kg) alone + 1SO + 1SO +ISO
SOD (U/mg
protein) 2.59+0.2° 2.63+0.2° 2.64+0.2° 2.64+0.2° 0.91+0.08° 1.22+0.1° 1.82+0.1° 2.31+0.1°
CAT
(1 mol of H,0, 2.17+0.2% 2.20+0.2% 2.22+0.2% 2.23+0.2% 0.82+0.1° 1.46 £0.1° 1.75+0.1° 1.99+0.1°

consumed/min/mg
protein)

Table 1-Effect of Fisetin on the activities of superoxide dismutase (SOD) and catalase in the heart of normal and isoproterenol (ISO)-induced
myocardial infarction in rats.Each value is mean £ SD for six rats in each groups; values not sharing a common superscript ( a, b, ¢, d, e ) differ
significantly with each other(P< 0.05, DMRT ).

Table-2 depicts the levels of GSH in Plasma and heart, GSH-Px, GST and GSH-Rx in heart. Rats were
induced with Isoproterenol(100mg/kg) shows a significantly(P<0.05) decrease in the activities of enzymatic
antioxidantswhen compared with normal control rats.Pretreatment with Fisetin (10, 20 and 30 mg/kg) to 1SO-induced
rats shows significant (P< 0.05) increase the activities of the enzymatic antioxidants, when compared to Isoproterenol

induced rats.
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Groups Normal Normal Normal Normal I1ISO Fisetin Fisetin Fisetin

control + Fisetin + Fisetin + Fisetin (100mg/kg) (10mg/kg) (20mg/kg) (30mg/kg)
(10mg/kg) (20mg/kg) (30mg/kg) + 1SO + 1SO + 1SO

GPx (ng of GSH 3.78+£0.2° 3.80+£0.2° 3.82+0.2° 3.83+0.2° 1.69+0.1° 1.96 +0.1° 2.41+0.1° 3.09+0.1°

Consumed/min/mg

protein)

GRx (n mol of 4.68 +0.4° 471+04° 474 +£0.4° 476 £ 0.4° 278402 3.22+0.3° 3.64+0.3° 3.99+0.3°

NADPH oxidized/

min/100mg

protein)

GST(nmol of 756.2+70.1° 758.3+70.4° 759.1+704% 762.2+70.6° 521.3+40.1° 598.1+49.8° 656.3+54.3" 712.2+67.1°

CDNB

conjugated/min/mg

protein)

Plasma GSH 9.68 +1.4° 9.70 £+ 1.4° 9.73+1.3° 9.76 +1.3° 6.20 +0.9° 6.72+0.8° 752 +0.7° 8.06 +0.8°

(mg/dL)

Heart GSH 5.01+0.3 5.06 +£0.4* 5.07 £0.4* 5.10 £ 0.4° 253+0.2° 3.41+03° 3.89 +0.3¢ 464 +0.3°

(mmol/gwet tissue)

Table-2 Effect of Fisetin on the activities of glutathione peroxidase (GPx), glutathione reductase (GRx) and glutathione-S-transferase (GST) in the
heart and the levels of reduced glutathione (GSH) in plasma and the heart of normal and isoproterenol (ISO)-induced myocardial infarction in
rats.Each value is mean + SD for six rats in each groups; values not sharing a common superscript (&, b, ¢, d, e ) differ significantly with each other

(P<0.05, DMRT).

Table 3- shows the levels of vitamin C and vitamin E in plasma and the heart and plasma ceruloplasmin in
normal and 1SO-induced rats. Rats induced with I1SO exhibited significantly (P< 0.05) decrease in the levels of vitamin
C and E in plasma and the heart and plasma ceruloplasmin when compared with normal control rats. Oral
administration of Fisetin (10, 20 and 30 mg/kg) to ISO-induced rats significantly(P< 0.05) increased the levels of
vitamin C and E in plasma and the heart and ceruloplasmin in plasma when compared to ISO-alone induced rats.

Groups Normal Normal Normal Normal I1ISO Fisetin Fisetin Fisetin

control + Fisetin +Fisetin + Fisetin (100mg/kg) (10mg/kg) +  (20mg/kg) (30mg/kg) +
(10mg/kg) (20mg/kg) (30mg/kg)  alone 1SO +ISO 1SO

Plasma 236+0.1° 241+01° 2.42+0.1° 2.44+0.1° 0.98+0.08° 1.40+0.1° 1.88+0.1° 2.06 £0.1°

vitamin C

(mg/dL)

Heart vitaminC ~ 2.20+0.2° 221+0.2° 2.23+0.2° 223+02° 0.89+0.02° 1.28+0.1° 1.71+0.1¢ 2.03+0.1°

(mmol/mg

protein)

Plasma 243+02° 244+02° 2.46 £0.2° 246+02° 0.82+0.07° 1.04+0.1° 1.46+0.1¢ 2.15+0.2°

vitaminE

(mg/dL)

HeartvitaminE  0.95+0.1* 096+0.1° 098+01° 1.0+01° 044+009° 054x009° 0.63+0.08" 0.78+0.09°

(mmol/mg

protein)

Plasma 252+21° 254+23  255%20° 256+2.4° 162+16° 188+1.7°  20.6+19° 23.2+1.9°

ceruloplasmin

(mg/dL)

Table-3 Effect of Fisetin on the levels vitamin C and vitamin E in plasma and theheart and ceruloplasmin in plasma of normal and isoproterenol
(1SO)-induced myocardial infarction in rats.Each value is mean + SD for six rats in each groups; values not sharing a common superscript ( a, b, c, d,
e ) differ significantly with each other (P< 0.05, DMRT ).
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V. DISCUSSION

Epidemiological studies illustrates that CVD, especially Myocardial infarction, will contribute to the major death
causing disease worldwide in the year 2020[25]. M1 is characterized by cardiac damaged, lipid peroxidation increases
and altered the activities of myocardium injury markers and reduction of endogenous antioxidant [26-27] Cardiac
injury caused by isoproterenol (ISO) at a high dosage in an experimental animal model shows a better discrimination
of myocardial damage and clearly shows the involvement of oxidative stress[28]. Dietary natural Flavonoids exert their
antioxidant activities and are well reported to prevent CVD[29]. Moreover, a variety of studies have proposed that
Fisetin exhibits considerable antioxidant activity . Mutually, on basis of these findings, we proposed to investigate the
cardioprotective effects of Fisetin ,a flavonol on isoproterenol-induced cardiac injury in rats. The current investigation
evaluate that Fisetin exerts potential cardioprotective effects in Isoproterenol-induced oxidative myocardial damage as
indicated by decreased levels of lipid peroxidation and by reestablishing endogenous antioxidant activities. In our
study, the results reveals that Isoproterenol significantly increased the production of lipid peroxidation along with
excessive generation of free radicals. These occurs due to autooxidation of ISO. The increased level of TBARS and
lipid peroxides in plasma and heart tissue could be due to Isoproterenol induced free radical generations,damage of
membrane and finally cell lysis;On the other hand, amelioration of lipid peroxidation metabolism is observed in fisetin
treated MI rats due to its antioxidant activity. The decreased level of TBARS in Fisetin pretreated rats (10,20,30mg/kg)
when compared to normal and isoproterenol induced rats (100mg/kg). This could be due to enhanced activities of
antioxidant.The low molecular weight and the hydrophobic nature of Fisetin easily pass through the cell membrane and
to accumulate intracellularly ,which protects the myocardial cells from oxidative stress. The formation of free radicals
and lipid peroxides accumulation is one of the most important mechanisms for the cardiac damage caused by
Isoproterenol[30].Free radical scavenging circulatory enzymes such as catalase, superoxide dismutase, glutathione
peroxidase are the first line cellular defense against oxidative stress[31], decomposes O, and H,O, before the
formationof more reactive hydroxyl radical (OHe). The equilibrium between these enzymes has the effective removal
of oxidative injury in intracellular organelles. However, in pathological conditions like MI, the ROS generation can
intensely upset this balance with an increased antioxidant demand.The circulatory antioxidant enzymes such as SOD
and CAT are involved in direct removal of reactive oxygen metabolites, which is undoubtedly one of the most effective
defense system of the living body against diseases. In the present study ,there is decreased levels of SOD and CAT in
the heart tissue as observed at 1SO-induced rats. This could be due to increased production of ROSwhich are capable of
reducing the activities of these enzymes[32] and it's loss of function of myocardial membrane, which is usually noticed
during myocardial necrosis[33]. Its leads to the increase of superoxide anion which damages the myocardium[34]. A
decrease level of SOD activity can result in the decreased removal of superoxide anions which could be harmful to the
myocardial membrane.The activities of CAT and GPx were also decreased significantly. Fisetin pre-treatment
prevented themyocardial SOD and CAT activities when compared to normal control and ISO-induction rats . Present
findings are also strongly supports of its antioxidant activity against 1SO-induced Myocardial damage. Fisetin was
reported to scavenge superoxide radicals and hydrogen peroxide. Because of its most powerful antioxidant activity it
maintains the level of circulatory enzymes[35].Thus the study reveals that Fisetin scavenge the superoxide and
hydrogen peroxide produced by isoproterenol and reduce cardiac damage.Reactive oxygen species (ROS) are generated
from the leakage of electrons into oxygen from various systems in our body and create oxygen stress,for
this,theantioxidant enzymatic defense is a very important source to deactivate the oxygen free radical mediated tissue
injury[36]. The activities of GSH-dependent antioxidant enzymes (GPx, GST and GRx) were shows decrease level in
ISO-treated rats when compared to normal rats. GPx protects the cellular and subcellular membranes from
peroxidative damage by elimination of hydrogen peroxide and lipid peroxides. The lowest activities of GPx and GST
in heart in ISO-treated rats are due to reduced availability of GSH [37]. Decreased activities of these enzymes can leads
to accumulation of oxidants which is responsible to myocardial damage [38]. Fisetin pretreatment maintains the
activities of GSH-dependent antioxidant enzymes, which indicates the protective antioxidant nature of the Fisetin
against oxidativestress-induced injury.

Vitamin E is the lipid-soluble antioxidant present in cell membranes and lipoproteins that protects against
oxidative modification. The major antioxidant of the aqueous phase is vitamin C, which acts as defense during
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oxidative stress. Thus, scavenger antioxidants are important, because they react with free radicals directly [39,40]. In
our study, we observed decrease in vitamin E and vitamin C could be due to increased utilization of ISO-mediated free
radicals and lipid peroxidation. Pretreatment of Fisetin showed a marked increase in vitamin C and vitamin E levels in
ISO-induced rats. The extracellular antioxidant ceruloplasmin scavenge superoxide radicals and inhibits ferritin
dependent lipid peroxidation by catalyze the oxidative reincorporation of released iron into ferritin [41]. Since
ceruloplasmin has ferroxidase and copper binding capacity, it could have been usedmore to deactivate the excess
amount of free radicals and hence ISO-induced MI rats showed decreased level of ceruloplasmin[42].Fisetin
pretreatment prevented the loss of ceruloplasmin, by reducing the iron- and copper-mediated myocardial injury.

Fisetin has effective scavenger of free radicals under in vivo conditions , Antioxidant activities are mainly due to its
hydroxyl groups at C-3, C-3', C-4' and C-7 positions and are enriched by carbonyl group at C-4. The presence of
double bond between C-2 and C-3 conjugated with the 4-oxo group also eases higher electron delocalization.
Pretreatment with fisetin has been previously reported to reduce H,O, induced cell death and it protects cells against
cell damage even at a low to high concentration ,The potent free radical scavenging activity of Fisetin was attributed to
the presence of the C ring group.The observation was also made that the more hydroxyl groups in the Fisetin possesses,
more effective free radical scavenger the Fisetin becomes [43].Thus, Fisetin may act as an antioxidant by scavenging
ROSand also improvedthe endogenous antioxidant system in ISO-treated rats. Thus, the antioxidant property of fisetin
might be protect the myocardium against ISO-induced oxidative damage.

V. CONCLUSION

In our study, we have observed that Fisetin was safe and highly effective in preventing cardiovascular disease in
Isoproterenol induced myocardial infarction in rats, due to both anti-oxidative and anti-lipid peroxidation effects.
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