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ABSTRACT  8 
 9 
Aims: Investigate the influence of ethanolic hawthorn leaves extract (EHLE) oral administration 
(200mg / kg body weight /day) on isoproterenol (ISO) induced- myocardial infarction (MI) in rats and 
its bioactive constituents.  
Methods: Healthy adult male albino rats (Sprague-Dawely strain) were divided into five groups (10 
rats /group); MI was induced in rats by ISO at dose of {85mg/kg body weight/day subcutaneously 
(S.C.,)} on two consecutive days with 24hours interval. 
Results: Pre-or pre-and post-treatment with EHLE significantly (p≤0.05) lowered the elevated serum 
cardiac enzyme marker activities namely, creatine kinase (CK), creatine kinase MB (CK- MB), lactate 
dehydrogenase (LDH), aspartate aminotransferase (AST) and specific MI markers level of galectin-
3(Gal-3), cardiac troponin I (cTnI). Also, significantly (p≤0.05) ameliorated oxidant/ antioxidant status 
by decreasing oxidative stress biomarkers [tissue nitric oxide (NO), serum and tissue 
malondialdehyde (MDA)], and increasing antioxidant status [glutathione peroxidase (GPX), 
superoxide dismutase (SOD), catalase (CAT) and reduced glutathione (GSH)] in ISO-injected rats, 
these results was confirmed with microscopic examination of heart tissues. 
Conclusion: Our results demonstrated that EHLE has a cardio-protective effect against ISO-induced 
MI in rats due to its high antioxidant properties, inhibition of lipid peroxidation and restoration of 
cardiac enzyme activities.    
 
 10 
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1.INTRODUCTION  14 
 15 

  Cardiovascular diseases (CVDs) remain the main cause of death throughout the world [1].  Myocardial 16 
infarction (MI) is the most lethal manifestation of CVDs cause morbidity and mortality in the world. It can 17 
be defined as sudden death to heart cells due to the insufficient oxygen supply of the myocardium which 18 
doesn’t meet the oxygen demand of the myocardial tissue (anoxia); resulting in ischemia, if this ischemia 19 
is prolonged and isn’t reversible, myocardial cell death and infarction occurs with tissue necrosis [2]. 20 
Myocardial infarction can result from chronic occlusion and accumulation of atherosclerotic or thrombotic 21 
lesions to one or more major branches of the coronary artery system. Also, the pathogenesis of MI is due 22 
to reactive oxygen species (ROS) [3]. During the reperfusion phase, ROS are produced following to 23 
ischemia; where ROS generated from ischemic tissue, often leading to biological chain reactions which 24 
contribute to several biochemical alterations such as oxidative damage in membrane unsaturated lipids, 25 
proteins, DNA, and consequently cell death [4]. 26 
  The manifestations of myocardial infarction are varied and multiple such as chest pain, epigastric or 27 
arm discomfort, breathlessness, nausea and vomiting. Also, arrhythmia, sweating, weakness happen 28 
and sometimes loss of consciousness or even sudden death [5]. 29 
  Isoproterenol (ISO) is a synthetic catecholamine and β- adrenergic agonist, which cause severe stress 30 
in the myocardium and necrotic lesions in the heart muscle [6].The biological mechanism of ISO for 31 
inducing MI as a result of disturbance in physiological balance between production of free radicals and 32 
anti- oxidative defense system by generating of high cytotoxic free radicals through the  auto-oxidation of 33 
catecholamines [7], in addition to loss of integrity and function of myocardial membranes during induction 34 
of the disease [8], also results in alterations in enzyme activities , transport system and cause 35 
disturbances in cellular [9]. 36 
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 Hawthorn plant (Crataegus Oxyacantha), also known as Haw, belongs to Rosaceae family, is part of a 37 
genus of spiny shrubs and trees native to temperate regions in different area of the world [10]. It prevents 38 
oxidative damage in ischemia by scavenging free radicals generated from ISO induction in which 39 
oxidative stress has long been known to contribute to the pathogenesis of MI [11]. Hawthorn therapeutic 40 
extract either derived from leaves, flowers or fruits of the plant have long been favored herbal remedy as 41 
cardio tonic agent through its active compounds such as flavonoids, phenols and oligomeric procyanidins 42 
[10,12]. 43 
 Wang et al. (2013) illustrated that hawthorn extracts exert a wide range of cardiovascular 44 
pharmacological properties, including antioxidant activity, positive inotropic, anti-inflammatory, anti-45 
cardiac remodeling, antiplatelet aggregation, vasodilating, endothelial protective, antiarrhythmic, lipid-46 
lowering and decrease of arterial blood pressure effects, also has a protective effect against 47 
ischemia/reperfusion injury [10].  48 
 The present work aimed to investigate the influence of ethanolic hawthorn leaves extract (EHLE) on the 49 
functional bioavailability of the heart muscle, ameliorating isoproterenol induced MI in rats. As well as its 50 
effect on serum cardiac biomarkers, oxidative stress markers and antioxidant status. 51 

 52 
 53 
2. MATERIAL AND METHODS  54 
2.1. Plant material 55 

 Hawthorn leaves (Crataegus Oxyacantha) were purchased from traditional spices and herbs dealer 56 
shop from Cairo, Egypt. The dried hawthorn leaves were crushed to a fine powder in a mill, of which 57 
25g were macerated/ soaked and mixed five times with 100 ml solvent (ethanol 75%). The extract 58 
was filtered over cotton cloth, then the filtrate was collected, and the solvent was removed by a rotary 59 
evaporator (WHEATON SP35) at 50°C [13]. Every 25g of dried leaves gives 7g of the extract which 60 
stored at 4 °C until used. The extract was administered orally by gastric tube to the rats at dose 61 
200mg/kg body three days weekly [14]. 62 
 63 
2.2. Chemicals  64 

 Isoproterenol (ISO) was purchased from Sigma-Aldrich Company for Chemicals, Egypt. Ethanol was 65 
purchased from Al-Gomhoria Company, (Cairo, Egypt). Biochemical kits were purchased from 66 
Science and Technology Center, (Mohandisieen, Egypt) and Bio diagnostic company, (Cairo, Egypt) 67 
and all other chemicals were of highest grade commercially available. 68 
 69 
2.3. Animals   70 

 Healthy adult male albino rats (Sprague-Dawely strain) weighing185±15g were obtained from El 71 
Salam Farm, Giza, Egypt. The biological experiment was carried out in the Animal House of 72 
Biochemistry and Nutrition Department, Women’s Faculty for Arts, Science and Education, Ain 73 
Shams University, where all rats (50 rats) were randomly housed individually in stainless steel cages 74 
with constant controlled environments; temperature 25°C ± 5°C, air humidity 55%±10% and 12/12 75 
hours light/dark cycle were held. All rats were offered the standard commercial pellet diet with 76 
drinking water ad libitum for one week before starting the experiment as adaptation period.  77 
 78 
2.4. Induction of myocardial infarction (MI) 79 

 Myocardial infarction was induced by injecting rats with isoproterenol hydrochloride (ISO) at dose of 80 
85mg/kg body weight/day subcutaneously (S.C.) on two consecutive days with 24 hours interval 81 
[15]. 82 
 83 
2.5. Experimental design 84 

 Fifty rats were divided into five groups; each group consisted of 10 rats; all rats were fed the 85 
standard commercial pellet diet and water ad libitum for six weeks as experimental period, the 86 
groups as following:     87 
Group I: Healthy untreated group (-ve control): rats received distilled water by gastric tube three 88 
times weekly.  89 
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Group II: Healthy treated group: rats administered 200mg/kg body weight / day of EHLE by gastric 90 
tube three times weekly.  91 
Group III: Myocardial infarction (MI) group: rats were injected with ISO at dose of 85mg/kg body 92 
weight /day S.C., on two consecutive days with 24hours interval on 44th and 45th day. 93 
Group IV: MI treated group: rats were injected with ISO at dose of 85mg/kg body weight /day S.C., 94 
on 1st and 2nd days with 24hours interval, and then received 200mg/kg body weight/day of EHLE by 95 
gastric tube three times weekly.  96 
Group V: Protected MI treated group: rats received 200mg/kg body weight/day of EHLE by gastric 97 
tube three times weekly for 3 weeks then injected with the tested dose of ISO subcutaneously on 98 
20th and 21st days with 24hs interval for producing MI condition then received the tested dose of 99 
EHLE by gastric tube three times weekly for another 3 weeks.  100 
 101 
2.6. Handling of blood and heart samples 102 

  At the end of experimental period (6 weeks) all rats were scarified under ether anesthesia after 12 103 
hours fasting. Blood samples were collected from hepatic portal vein and allowed to left for 15 104 
minutes at temperature of 34ºC, and then centrifuged at 4000 rpm by EBA8 centrifuge for 20 min to 105 
separate serum. Serum was removed and kept in plastic vials at-20°C until used for biochemical 106 
analyses. The heart was separated, immediately rinsed and washed by saline solution then blotted on 107 
filter paper to remove water residue and weighed. Then part of the heart was immediately fixed in 108 
formalin 10% for microscopic examination, while the rest stored frozen at -20 °C until used for the 109 
tissue biochemical analysis.  110 
 111 
2.7. Determination of bioactive constituents and anti-oxidant capacity of the 112 

tested ethanolic hawthorn leaves extract 113 

 Total phenolic content was determined using the Folin-Ciocalteu procedure [16] and expressed as 114 
mg gallic acid equivalents (GAEs) /g the extract, also phenols were separated and quantified using 115 
High Performance Liquid Chromatography (HPLC) Agilent 1200 series, in mg/100g of EHLE 116 
according to Goupy et al., (1999) [17]. Total flavonoids content was determined using aluminum 117 
chloride AlCl3 assay [18] as mg of quercetin equivalent (QE)/g of the extract. Flavonoids were 118 
separated and quantified using HPLC Agilent 1200 series, in mg/100g of extract [19]. The stable 1, 1-119 
diphenyl-2-picryl hydrazyl (DPPH) radical was used for the determination of free radical scavenging 120 
activity (antioxidant capacity) as described by Su and Silva, (2006) [20]. 121 
 122 
2.8. Biochemical Measurements 123 
2.8.1 Serum cardiac muscle enzyme activities and specific MI biomarkers. 124 

Serum creatine kinase (CK) , serum creatine kinase MB (CK- MB) and  serum lactate dehydrogenase 125 
(LDH) Were determined according to Chemnitz et al., (1979) {21] ,Würzburg, et al., (1977) [22] and 126 
Weibhaar et al., (1975)[23] respectively, using Automated Biochemistry Analyzer SBA-733 plus, 127 
serum cardiac troponin I (cTnI) was determined by a two-site immunoenzymatic ("Sandwich") assay 128 
using Acess2 Immunoassay systems[24], serum galectin-3 (Gal-3) was determined by enzyme linked 129 
immunosorbent assay [25],serum aspartate aminotransferase (AST) was determined according to 130 
Reitman and Frankel, (1957) [26]. 131 
 132 
2.8.2. Oxidative stress biomarkers and antioxidant parameters. 133 

 Serum and tissue malondialdehyde (MDA) concentrations were determined according to Ohkawa et 134 
al., (1979) [27], nitric oxide (NO) content was determined in heart tissue homogenate according to the 135 
method described by Montgomery and Dymock, (1961) [28]. Tissue glutathione peroxidase (GPX) 136 
enzyme activity was determined according to Paglia and Valentine, (1967) [29], tissue superoxide 137 
dismutase enzyme activity (SOD) measured according to the method of Nishikimi et al., (1972)[30], 138 
catalase (CAT) enzyme activity in serum and heart tissue was determined according to Aebi, (1984) 139 
[31]and cardiac reduced glutathione (GSH) concentration was determined according to Beutler et al., 140 
(1963) [32]. 141 
 142 
 143 
 144 
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2.9. Microscopic Examination 145 

  The hearts were washed in ice cold saline. Then myocardial tissue was immediately fixed in 10% 146 
formalin solution according to Drury and Wallington, (1980) [33].  After fixation, tissues were 147 
embedded in paraffin wax and serial sections were cut by Cambridge rocking microtome of thickness 148 
5 microns, and each section was stained with haematoxylin and eosin (H&E). The slides were 149 
examined under a light microscope and photographs were taken at 400X magnification, as described 150 
by Bancraft et al., (1996) [34]. 151 
 152 
2.10. Statistical analysis 153 

 Data were statistically analyzed by Statistical Package for Social Sience "SPSS" version 16.0 154 
Micosoft Windows, SPSS Inc. Values were expressed as mean ± standard deviation (S.D) Statistical 155 
difference between groups were done by using one way analysis of variance ANOVA, the mean 156 
difference was significant at the (P≤ 0.05) level according to Levesque, (2007)[35].  157 
 158 
3. RESULTS AND DISCUSSION 159 
3.1 Bioactive constituents and anti-oxidant capacity of the tested ethanolic hawthorn 160 

leaves extract 161 
The data presented in table (1) illustrate the mean values of total phenols as mg gallic acid 162 
equivalents (GAEs)/g of the extract, total flavonoids as mg quercetin equivalent (QE)/g of the extract, 163 
as well as total antioxidant capacity indicated by the 1, 1-diphenyl-2-picryl hydrazyl DPPH free radical 164 
scavenging activity by EHLE. Also figures (1 and 2) show the percentage of main phenolic and 165 
flavonoid compounds respectively in the tested EHLE as determined by HPLC method. Our findings 166 
indicated that the tested EHLE serves as good source of phenols, flavonoids and also high free 167 
radical scavenging activity which could have great effects on reducing the oxidative stress and the 168 
inflammation leading to decreasing the MI severity. 169 

Polyphenols and flavonoids are important constituents and serve as powerful antioxidants due to the 170 
hydrogen-donating ability of their hydroxyl groups as well as their ability to donate electrons to arrest 171 
the production of free radicals as a result of oxidative stress [36]. Barros et al., (2011) [37] indicated 172 
that hawthorn extract is well known rich source for flavonoids which include: hyperoside, isoquercitrin, 173 
epicatechin, chlorogenic acid, quercetin, rutin and protocatechuic acid. Flavonoids are capable of 174 
inhibiting the formation of superoxide ions and hydroxy radicals, which are two strong peroxidation 175 
agents that are produced in the body under normal conditions and cause destruction of cells [38].   176 

Rutin, Luteolin and ferulic acid are one of great importance flavonoids and phenols in EHLE. Rutin 177 
inhibits platelet aggregation [39]. Ferulic acid, can reduce the cytotoxicity of oxidized LDL cholesterol 178 
and lowers the risk of heart disease [40]. Numerous experimental data have revealed that luteolin 179 
possesses a wide range of pharmacological effects, including antioxidant [41], anti-inflammatory [42], 180 
anti-platelet and vasodilating activity [43].  181 

Table 1. Bioactive components and total antioxidant capacity of the tested EHLE 182 
 183 

Active components of ethanolic 
hawthorn leaves extract 

Values / 1g of ethanolic extract 

Total phenols 70.048 ± 0.5254 mg as gallic acid equivalents (GAEs). 

Total flavonoids 154.417 ± 0.7406 mg as quercetin equivalent (QE). 

Total antioxidant capacity Each 0.05 ml of plant extract scavenged 5ml of DPPH by 89.55 
± 0.5683% 

*Values are means of six replicates; values are mean ± SD, P ≤ 0.05. 184 
 185 

UNDER PEER REVIEW

Rafat Olatunde
Strikeout

Rafat Olatunde
Strikeout

Rafat Olatunde
Highlight

Rafat Olatunde
Callout
re-phrase

Rafat Olatunde
Highlight

Rafat Olatunde
Callout
This should in your conclusion

Rafat Olatunde
Highlight

Rafat Olatunde
Highlight

Rafat Olatunde
Underline

Rafat Olatunde
Strikeout

Rafat Olatunde
Callout
Not relevant to this section. If you must include, insert in the introduction



 

 186 
 187 
Fig. 1. Percentage of some main phenolic compounds derived from ethanolic hawthorn leaves 188 
extract 189 
 190 

 191 
 192 
Fig. 2. Percentage of some main flavoind compounds derived from ethanolic hawthorn leaves 193 
extract 194 
3.2. Ser 195 

um cardiac muscle enzyme activities and specific MI biomarkers. 196 

 The data presented in table (2a) indicated that ISO injected rats have a statistical significant (P ≤ 197 
0.05) elevation in serum cardiac injury enzyme activities of LDH, CK, CK- MB and AST by 2.11, 1.44, 198 
1.54 and 1.88 folds respectively as compared with healthy control rats. While oral administration of 199 
EHLE post MI induction resulted in a significant reduction in LDH, CK, CK- MB and AST enzyme 200 
activities by 29.14%, 11.7%, 13.84% and 34.178% respectively at (P ≤ 0.05) as compared to MI 201 
untreated rat group. Meanwhile EHLE administration pre and post ISO injection showed more 202 
statistical significant improvement (P ≤ 0.05) in the serum enzyme activities of LDH, CK and CK-MB 203 
and AST by 43.88%, 24.71%, 24.91% and 40.759% respectively in comparison with MI untreated 204 
rats.  205 
  From the data obtained in table (2b), it was obvious that, there was a significant (P ≤ 0.05) elevation 206 
in the mean values of serum specific MI biomarkers of cTnI and Gal-3(0.012±0.0036 µg/L and 207 
8.198±0.0055 ng/ml respectively) in ISO induced MI rat group when compared with healthy untreated 208 
one.  While the rats treated with EHLE after MI induction showed a significant fall in serum cTnI and 209 
Gal-3 by 94.06% and 53.38% respectively and more significant decrease in rats treated with EHLE 210 
before and after MI induction by 96.18% and 54.63% for serum cTnI and Gal-3 respectively 211 
comparing with MI untreated rat group. 212 
An insufficient supply of oxygen or nutrients to cardiac tissues or chemically induced cardiac damage 213 
may increase the permeability or even rupture the cardiac membrane, resulting in leakage of cytosolic 214 
enzymes, including CK, CK-MB, AST, LDH, cTnI (diagnostic markers of MI), into the bloodstream and 215 
a subsequent increase in their serum concentrations [44]. In the present study, ISO administration in 216 
rats caused a marked elevation in the activities of all the cardiac marker enzymes in the serum, in 217 
accordance with previously reported studies [45,46]. 218 
Swamy et al., (2011) found that there was a significant increase in activities of cardiac marker 219 
enzymes (CK-MB, LDH, and AST) in the serum during ISO administration, which used as markers of 220 
myocardial injury. Isoproterenol administration produces free radicals (via a beta adrenoceptor 221 
mechanism) that affect the cell metabolism, such that toxic free radicals are formed producing 222 
myocardial cell necrosis [47].  223 
Lactate dehydrogenase LDH is an enzyme involved in anaerobic metabolism, reversibly converting 224 
pyruvate to lactate in redox reaction [48]. An increase in serum LDH activity is found following 225 
myocardial infarction beginning within 6 to12 hours and reaching a maximum at about 48 hours and it 226 
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remains elevated for 4-14days before coming down to normal levels. The prolonged elevation makes 227 
it a good marker for those patients admitted to the hospital after several days of MI [49]. 228 
CK is an enzyme responsible for transferring a phosphate group from ATP to creatine. It is composed 229 
of M and B subunits that form CK-MM, CK-MB and CK-BB isoenzyme. Total CK is not cardiac specific 230 
as it raised in other diseases not from cardiac tissue but CK-MB is a sensitive as well as a specific 231 
marker for myocardial infarction. CK-MB begins to rise 4 - 6 hour after myocardial infarction, peak at 232 
24 hours and return to normal within48-72 [50]. 233 

 234 
Troponin is a myocyte protein that regulates actin-myosin cross-bridge formation during the 235 
contraction-relaxation process in striated muscles. It consists of three different subunits: troponin T 236 
(TnT), the tropomyosin binding component, troponin C (TnC) the calcium binding component and 237 
troponin I (TnI) the inhibitory component. Both TnT and TnI have three different isoforms each of 238 
which is a structure unique to cardiac muscle but not in smooth muscle [51]. Fredericks et al., (2001) 239 
showed that the content of cTnI and cTnT in skeletal muscle was below 0.6% that found in the heart, 240 

making troponin a specific biomarker in myocardial infarction [52].  241 

 242 
Galectin-3 is new biomarker involved in cardiac inflammation and fibrosis which could contribute and 243 
increased risk to MI and heart failure [53]; Galectin-3, a soluble beta-galactoside-binding lectin, is 244 
secreted by activated macrophages and modulates several physiological and pathological processes, 245 
including inflammation and fibrosis. This protein directly induces fibroblasts to proliferate and deposit 246 
type I collagen in the extracellular matrix [54]. 247 
Our results are in agreement with Sun et al., (2015) who found that there were significant increased 248 
serum levels of CK, CK-MB, LDH and cTnT expression in rat with AMI after isoproterenol induction 249 
[55], also Subashini and Rajadurai, (2011) found that subcutaneous injection of ISO (85 mg/kg) to 250 
male albino Wistar rats, exhibited a significant raise in the activities of cardiac marker such as cardiac 251 
troponin T, CK-MB, CK, LDH, AST in serum with subsequent decrease in the heart tissue. It is 252 
suggested that ethanolic hawthorn extract administration in the treatment and protection groups has 253 
successfully reduced the damage in the cardiac tissues by lowering CK-MB, CK, LDH, AST and cTnI 254 
levels in experimental rats [56]. Hypothetically, ethanolic hawthorn extract significantly helped in 255 
maintaining the integrity of the membrane cells, thus restricting the leakage of these enzymes. The 256 
severity of the myocardial necrosis in experimental rats was reduced with giving Crataegus extract, 257 
improved the recovery of cardiac contractile function, and reduced the size of the myocardial infarct 258 
which is in accordance with the findings from previous studies [57]. 259 
 260 
Table 2a. Effect of ethanolic hawthorn leaves extract administration on serum heart muscle 261 
enzyme activities in all experimental rat groups. 262 
 263 

               Parameter 
                     
        Groups 

Serum LDH 
(µkat/L) 

Serum CK 
(µkat/L) 

Serum CK-MB 
 (µkat/L) 

Serum AST 
(U/ml) 

Healthy untreated 
group 
 (-ve control) 

4.809±0. 90ad 28.05±2.88ad 46.356±1.86a 73.581±3.97a 

Healthy treated 
group 

4.0375±0.74a 27.25±3.22a 44.719±2.19a 71.342±2.72a 

MI group 10.165±1.34b 40.4±3.69b 71.45±3.23b 138.76±2.66b 

MI treated group 7.203±0.88c 35.675±2.34c 61.562±3.11c 91.334±1.78c 

Protected MI treated 
group 

5.705±1.50d 30.416±1.79d 53.65±2.93d 82.202±4.90d 

 264 
*Values are represented as mean ± SD., (n=10), there was no significance difference between means 265 
have the same letter in the same column, (P≤ 0.05). 266 
 267 
 268 
 269 
 270 
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Table 2b. Effect of ethanolic hawthorn leaves extract administration on some specific serum 271 
biomarker of MI in all experimental rat groups 272 
 273 

        Parameters 
 

           Groups  

Serum cardiac troponin I 
(µg/L) 

Serum galectin-3 
(ng/ml) 

Healthy untreated group (-ve 
control) 

0.012±0.0036a 8.198±0.0055a 

Healthy treated group 0.012±0.0022a 8.195±0.006a 

MI group 0.4715±0.096b 18.563±1.54b 
MI treated group 0.028±0.0087a 8.653±0.44a 
Protected MI treated group 0.018±0.0089a 8.422±0.25a 

 274 
*Values are represented as mean ± SD., (n=10), there was no significance difference between means 275 
have the same letter in the same column, (P≤ 0.05). 276 
 277 
3.3. Oxidative stress biomarkers and antioxidant parameters 278 
  279 
  According to the data summarized in table (3 and 4) ISO- induced MI in rats caused a significant 280 
(P≤ 0.05) elevation in oxidative stress biomarkers (serum and tissue MDA by 1.99 and 1.42 folds 281 
respectively and tissue NO by 4.0899 folds in comparison with healthy control group, with reduction in 282 
enzymatic antioxidant activities as cardiac glutathione peroxidase (GPX), superoxide dismutase 283 
(SOD) and catalase (CAT) by (67.96%, 31.179% and 13.329%) respectively at (P≤ 0.05), In addition,  284 
diminished serum CAT by 27.599% as compared to normal rats, also reduction in cardiac non-285 
enzymatic antioxidant GSH by79.674%. While the treatment with EHLE either pre-and/ or post MI 286 
induction caused a significant improvement in oxidative stress markers and antioxidant activities. 287 
The upsurge in MDA contents due to ISO damages antioxidant protective mechanisms and rendered 288 
the myocardium more vulnerable to lipid peroxidation, hence oxidative degeneration of fatty acids in 289 
myocardial membrane [58]. Increased formation of degradation product of lipid peroxidation, MDA is 290 
an indication of the severity of the cellular injury to the heart induced by ISO, and this can be linked 291 
with altered membrane structure and enzyme inactivation [59]. In our study, diminished level of MDA 292 
following the hawthorn leaves extract treatment can be reasonably speculated to augmented actions 293 
of antioxidant defense in myocardium. 294 
 Nitric oxide is significantly increased in the myocardial infarction group this is due to that ISO 295 
induction causes an increased expression of iNOS. This increased iNOS produces large amount of 296 
nitric oxide which is known to react with super oxides leading to production of reactive nitrogen 297 
species (RNS) like peroxynitrite (ONOO-). A high concentration of nitric oxide has also been reported 298 
to induce apoptotic cell death in several cell types [60]. Increased NO activates COX-2, the 299 
mechanism responsible for the effect of nitric oxide on COX-2 activity involves nitrosylation of a 300 
cysteine residue in the active site of the COX-2 enzyme leading to the formation of nitrosothiols. 301 
These can cause structural changes in the enzyme leading to increased COX-2 catalytic efficiency. 302 
The expression of COX-2 together with that of iNOS leads to inflammation of myocardial tissue [61]. 303 
Our results are confirmed by Madhesh and Vaiyapuri, (2012), who found that ISO-induced acute and 304 
chronic models in rats showed significant increase in the levels of thiobarbituric acid reactive 305 
substances, lipid hydro peroxides in the heart and erythrocyte, and significant decrease in the 306 
activities of heart and erythrocytes SOD, CAT, GPX, GSH. While oral treatment with luteolin one at a 307 
daily dose of (0.3 mg/kg b.wt) in both acute and chronic models showed significant decrease in the 308 
levels of heart and erythrocyte lipid peroxidation by products and significant increase in the levels of 309 
antioxidant system[62].   310 
In the current study, there was a significant decrease in heart tissue GSH concentration as well as all 311 
antioxidant enzymes activities in MI rats. These results are in agreement with Neri et al., 2015; Patel 312 
et al., (2010) & Goyal et al., (2015) [63-65]. Such may be due to the increased utilization of these 313 
enzymes for scavenging ROS and their inactivation by excessive ISO oxidants .Following the 314 
administration of ISO, a robust fall in the activities of endogenous antioxidant systems of the heart 315 
leads to the gradual loss of pro-oxidant/antioxidant balance that accumulates in cardiomyocytes and 316 
manifest as oxidative [66]. 317 
Free radical scavenger enzymes such as catalase are the first line of defense against oxidative injury, 318 
decomposing H2O2 and O2 before their interactions to form the hydroxyl radical (OH). During AMI, 319 
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superoxide radicals modulate the activity of catalase, resulting in reduced activity of this enzyme and 320 
accumulation of superoxide radicals, with consequent damage to the myocardium [67]. 321 
 Ethanolic hawthorn leaves extract has shown involved in the scavenging of ROS and confer defense 322 
against lipid peroxidation in accordance to the previous observations demonstrated anti-oxidative 323 
mechanism against the free radical induced oxidative damages of body organs which proved the 324 
excellent anti- oxidant potential of EHLE as showed in the literature [68,69] 325 
The treatment with hawthorn extract significantly prevented the exhaustion of GSH from heart as 326 
evidenced by restored GSH content in the heart of animals of treatment and protection groups when 327 
compared to ISO group, as well as made an improvement in the tissue SOD, CAT and GPx due to 328 
scavenging of ROS which demonstrated anti-oxidative mechanism against the free radical induced 329 
oxidative damages of body organs. 330 
 331 
Table (3): Effect of ethanolic hawthorn leaves extract administration on oxidative stress 332 
biomarkers in all experimental rat groups. 333 
 334 

       Parameters 
 
          Groups 

                  MDA Tissue NO 
(µmol/g.tissue) 

Serum 
(nmol/ml) 

Tissue 
(nmol/g.tissue) 

Healthy untreated group (-ve 
control) 

9.791±0.43a 38.845±0.68a 13.726±0.93a 

Healthy untreated group 9.641±.581a 38.058±1.30a 12.5865±1.53a 
MI group   19.491±0.61b 55.197±0.86b 56.139±0.78b 
MI treated group 14.037±1.32c 45.059±1.21c 32.444±3.21c 
Protected MI group 11.781±0.83d 41.207±0.74d 19.972±1.53d 

*Values are represented as mean ± SD., (n=10), there was no significance difference between means 335 
have the same letter in the same column, (P≤ 0.05). 336 
 337 
Table (4): Effect of ethanolic hawthorn leaves extract administration on enzymatic and non-338 
enzymatic antioxidant parameters in all experimental groups. 339 
*Values are represented as mean ± SD., (n=10), there was no significance difference between means 340 
have the same letter in the same column, (P≤ 0.05). 341 
 342 

     Parameters 
 
    Groups  

Tissue GPX 
(U/g. tissue) 
activity 

Tissue SOD 
(U/g. 
tissue) 
 activity 

Catalase activity Tissue GSH 
(mmol/g.tissue) 
concentration 

Serum 
(U/l) 

Tissue 
(U/g.tissue
) 

Healthycontrol group (-
ve) 

78.406±0.94a 515.43±2.83
a 

207.43±1.83a 9.723±0.03a 2.214±0.15a 

Plant extract group 79.555±2.34a 517.75±3.61
a 

209.46± 1.33a 9.823±0.03a 2.293±.12a 

MI group 25.120±1.02b 354.72±3.28
b 

150.18± 2.87b 8.427±0.19b 0.450±0.04b 

Treatment group 50.391±1.55c 408.01±3.02
c 

171.9± 2.46c 9.019±0.28c 1.273±0.08c 

Protection group 60.549±2.68d 439.37±2.47
d 

186.51± 2.82d 9.375±0.11d 1.772±0.14d 

 343 
3.4. Microscopic examination. 344 

 The microscopic examination of heart tissue in MI group and the consequences of administration of 345 
hawthorn extract in other treated groups are shown in figure (3). The microscopic examination of 346 
heart tissue of rats from healthy untreated group revealed normal cardiac myocytes, clear cell 347 
membrane integrity, normal myofibrillar structure with striations, appearance of branched and 348 
continuity with adjacent myofibrils. No evidence of inflammatory cell infiltration, edema or inflammation 349 
itself in (A). Moreover, heart tissue from healthy treated group with EHLE showed no histopathological 350 
changes (B). Meanwhile, heart of rats from the MI group revealed marked co-agulative necrosis of 351 
cardiac myocytes associated with inflammatory cells infiltration and congestion of myocardial blood 352 
vessel showed in (C). Heart of rats from the MI treated group showed strands of fibroblasts 353 
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proliferation between cardiac myocytes in (D). Heart tissues from protected MI treated group showed 354 
reduction in inflammation and rearrangement in myocardial muscles as in healthy normal rats where it 355 
revealed no histopathological changes in (E). 356 
  Our results matched those of Mudagal et al., (2011) who found that heart tissue from isoproterenol-357 
treated rats showed moderate degree of myocardial degeneration, vacuolation and inflammatory cell 358 
infiltration as compared to control group [70]. Also our results matched Goyal et al., (2010) who 359 
showed marked myocardial necrosis after ISO induced MI. Crataegus Oxyacantha leaves extract 360 
(200mg / kg) showed less necrosis and proliferation between cardiac myocytes due to the antioxidant 361 
effects ,also the presence of polyphenolics compounds , flavonoids and the oligomeric 362 
proanthocyanidins all of these compounds have a role in reducing nitritive stress, lipid peroxides 363 
which disrupt the myocardial membrane and the inflammatory condition also reduced and the 364 
antioxidant status is improved[71]. 365 
 366 

                            367 
(A)                                                                               (B) 368 

 369 

                             370 
                               (C)                                                                                  371 

 (D) 372 

 373 
                                                                                   (E) 374 

                                                                  375 
Figure. 3. Microscopic examination of heart tissue using (H & E X400) 376 

       377 
4. CONCLUSION 378 
 379 
Hawthorn leaves extract was found to be a good source of natural antioxidants, as confirmed by its 380 
high polyphenols, flavonoids, as well as its considerably high DPPH free radical-scavenging activities.  381 
Our in vivo study confirmed that EHLE significantly altered nearly all biochemical parameters 382 
associated with ISO-induced myocardial injury, as further supported by histopathological findings. 383 
EHLE may have anti-lipoperoxidative and antioxidant effects that confer these cardio-protective 384 
effects. 385 
 386 
 387 

UNDER PEER REVIEW



 

ETHICAL APPROVAL  388 
 389 
All authors hereby declare that “principles of animal care” were followed. 390 
 391 
REFERENCES 392 
1. Roger VL, GO AS, lioyl-Jones DM, Benjammin EJ, Berry JD, Borden WB et al. Heart disease 393 

and stroke statistics – 2012 update: a report from American Heart Association Circulation. 394 
(2012); 125(1) :220-239. 395 

2. Reznik AG. Morphology of acute myocardial infarction at pre necrotic stage. Kardiologiia . 396 
(2010);50(1): 4-8. 397 

3. Khan HA, Alhomida AS , Sobki SH, Habib SS, Al Aseri Z, Khan AA. et al. serum markers of 398 
tissue damage and oxidative stress in patients with acute myocardial infarction. Biomed Res-399 
India. (2013); 24(1): 15-20. 400 

4. Radhiga T, Rajamanickam C, Sundaresan A, Ezhumalai M, and Pugalendi V. Effect of ursolic 401 
acid treatment on apoptosis and DNA damage in isoproterenol induced myocardial infarction. 402 
Biochimie. (2012); 94:1135–1142. 403 

5. Upaganlwar A, Gandhi H, and Balaraman R. Isoproterenol induced myocardial infarction: 404 
protective role of natural products. Journal of pharmacology and toxicology (2011);6 (1): 1-17. 405 

6. Khorrami A, Hammami M, Garjani M, Dizaj NM., and Garjani A. Tacrolimus ameliorates 406 
functional disturbances and oxidative stress in isoproterenol-induced myocardial infarction. 407 
DARU.J. of Pharmaceutical Sciences. (2014); 22(68):1- 9.  408 

7. Sirivastava S, Chamdrasekar B, Gu Y, Iuo J, Hamid T, Hill BG, and Prabhu SD. (2007): Down-409 
regulation of cu zn- superoxide dismutase contributes to bata-adrenergic receptor-mediated 410 
oxidative stress in the heart. Cardiovasc. Res. (2016); 74: 445-455. 411 

8. Mari KM, and Darlin QS. Ellagic acid ameliorates isoproterenol induced oxidative stress 412 
evidence from electrocardiological biochemical and histological study. Eur. J. pharmacol. (2011); 413 
659: 45-52. 414 

9. Rahmathulla MSB, and Devi KL. Origination and development of isoproterenol-induced 415 
myocardial infarction in male wistar rats. Int. Res. J. Pharm. (2013); 4(5): 26- 35. 416 

10. Wang SB, Tiam S, yang F, Yang HG, Yang XY, and Du GH. Cardio-protective effect of 417 
salvianolic acid on isoproterenol-induced myocardial infarction in rats. Eur J Pharmachol. 418 
(2013);615: 125-132. 419 

11. Mohanty IR, Gupta SK, Mohanty N, Joseph D, and Deshmukh Y. The beneficial effect of herbs in 420 
cardiovascular diseases. Global. J. of Medical Research. (2012); 12 (1):39- 58. 421 

12. Dahmer S, and Scott E. Health effects of hawthorn. American Family Physician. (2010); 81(4) 422 
:465-469.  423 

13. Keser S, Celik S, Turkoglu S, Yilmaz O, and Turkoglu I. Determination of antioxidant capacities 424 
of ethanol and water extracts of Achillea millefolium L. (Yarrow). Asian Journal of Chemistry. 425 
(2011); 23: 3172-3176. 426 

14. Rezaei‐Golmisheh A, Malekinejad H, Asri‐Rezaei S, Farshid, AA, Akbari P. Hawthorn ethanolic 427 
extracts with triterpenoids and flavonoids exert hepato-protective effects and suppress the 428 
hypercholesterolemia‐induced oxidative stress in rats. Iran J Basic Med Sci. (2015); 18 (7): 691-429 
699. 430 

15. Mahmood T, Siddiqui HH, Dixit R, Bagga P, and Hussain MdS. Protective effect of Bombyx Mori 431 
L Cocoon (Abreshan) and its formulations against isoproterenol induced cardiac damage. 432 
Tropical. J. of pharmaceutical research. (2015);14 (1):63- 72. 433 

16. Kähkönen MP, Hopia AI. Vuorela HJ, Rauha, JP, Pihlaja K, Kujala TS.et al. Antioxidant Activity 434 
of Plant Extracts Containing Phenolic Compounds. J. Agric. Food. Chem. (1999);47, 3954-3962. 435 

17. Goupy P, Hugues M, Boivin P, and Amiot MJ. Antioxidant composition and activity of barley 436 
(Hordeum vulgare) and malt extracts and of isolated phenolic compounds. J. Sci. Food. Agric. 437 
(1999); 79:1625-1634. 438 

UNDER PEER REVIEW

Rafat Olatunde
Callout
A copy of this should be sent to the Editor for citing.



 

18. Barros L, Carvalho AM, and Ferreira ICFR. Leaves, flowers, immature fruits and leafy flowered 439 
stems of Malva Sylvestris: A comparative study of the nutraceutical potential and composition. 440 
Food and Chemical Toxicology. (2010); 48: 1466-1472. 441 

19. Mattila P, Astola J, and Kumpulainen J. Determination of Flavonoids in Plant Material by HPLC 442 
with Diode-Array and Electro-Array Detections. J. Agric. Food Chem. (2000);48: 5834-5841. 443 

20. Su MS, and Silva JL. Antioxidant activity, anthocyanins, and phenolics of rabbiteye blueberry 444 
(Vaccinium ashei) by-products as affected by fermentation. Food Chemistry. (2006); 97 (3): 447-445 
451. 446 

21. Chemnitz G, Schmidt E, Koller PV, and Busch EW. Kreatin-Kinase. Überarbeitete standard 447 
method: Referenzwerte und Klink. Dtsch. med.Wochenschr. (1979);104: 257-260. 448 

22. Würzburg U, Hennrich N, Orth HD, Lang H, Prellwitz W, Neumeier D.et al. Quantitative 449 
determination of creatine kinase isoenzyme catalytic concentrations in serum using 450 
immunological methods. J.Clin.Chem.Clin.Biochem. (1977);15: 131-137. 451 

23. Weibhaar D, Grossau E, and Faderal B. Normal ranges of alpha HBDH, LDH, AP and LAP as 452 
measured with substrate-optimated test charges. Med. Welt. (1975);26: 387-392. 453 

24. Adams JE, Schechtman KB, Landt Y, Ladenson JH, and Jaffe A.S. Comparable detection of 454 
acute myocardial infarction by creatine kinase MB iso-enzyme and cardiac troponin I. Clin. 455 
Chem. 1994 ;40: 1291-1295. 456 

25. Dumic J, Dabelic S, and Flögel M. Galectin-3: an open-ended story. Biochim. Biophys. Acta. 457 
(2006); 1760:616–635. 458 

26. Reitman A. and Frankel S. A colorimetric method for the determination of serum glutamic 459 
oxaloacetic and glutamic pyruvic transaminases.  Amer. J. Clin. Path. (1957); 28: 56-63. 460 

27. Ohkawa H, Ohishi W, and Yogi K. Anal. Assay for lipid peroxide in animal tissues by 461 
thiobarbituric acid reaction. J. Biochem. (1979);95: 351-358. 462 

28. Montgomery HAC, and Dymock JF. Determination of nitrite in water. Analyst. (1961); 86: 414 463 
416. 464 

29. Paglia DE. and Valentine WN. Studies on the quantitative and qualitative characterization of 465 
erythrocyte glutathione peroxidase. J. Lab. Clin. Med. (1967);70: 158 – 169. 466 

30. Nishikimi M, Roa NA, and Yogi K. (1972): The occurrence of superoxide anion in the reaction of 467 
reduced phenazine methosulfate and molecular oxygen. Biochem. Bioph. Res. Common. 468 
(2015);46: 849 – 854. 469 

31. Aebi H. Catalase in vitro. Methods. Enzymol. (1984); 105: 121- 126. 470 
32. Beutler E, Duron O, and Kelly BM. Improved method for the determination of blood glutathione. 471 

J. Lab Clin. Med. (1963)   ;61:  882-888.  472 
33. Drury RAB, and Wallington EA. Carleton's histological techniques. 5th edition. Oxford university 473 

press. 1980; 496-497.  474 
34. Bancraft JD, Stevens A, and Turner DR. Theory and Practice of Histological Techniques. 4th ed. 475 

New York, London, San Francisco, Tokyo: Churchill Livingstone; 1996.   476 
35. Levesque R. SPSS programming and data management: A Guide for SPSS and SAS user.3rd 477 

Edition, United States of America. 2007. 478 
36. Afroz R, Tanvir E M, Paul S, Bhoumik NC, Gan SH, and Khalil MI. DNA damage inhibition 479 

properties of sundarban honey and its phenolic composition. Journal of Food Biochemistry. 480 
(2016b); 40(4):436–445. 481 

37. Barros L, Carvalho AM, and Ferreira ICFR.  Comparing the composition and bioactivity of 482 
Crataegus monogyna flowers and fruits used in folk medicine. Phytochem. Anal. (2011); 22: 181-483 
188. 484 

38. Esmaeili MA, and Sonboli A. Antioxidant, free radical scavenging activities of Salvia brachyantha 485 
and its protective effect against oxidative cardiac cell injury. Food Chem. Toxicol. (2010);48: 846-486 
853. 487 
 488 

39. Kraft S, Knapp M, and Kreft I. Extraction of rutin from buckwheat (Fagopyrum esculentum 489 
Moench) seeds and determination by capillary electrophoresis,” Journal of. Agriculture& Food 490 
Chemistry. (1999); 47 (11):4649–4652. 491 

UNDER PEER REVIEW



 

 492 
40. Chang S, Tan C, Frankel EN, and Barrett DM.  Low-density lipoprotein antioxidant activity of 493 

phenolic compounds and polyphenol oxidase Activity in selected Clingstone Peach cultivars. 494 
Journal of Agriculture& Food Chemistry. (2000); 48: 147−151. 495 

41. Manju V, Balasubramaniyan V, and Nalini N. Rat colonic lipid peroxidation and antioxidant 496 
status: the effects of dietary luteolin on 1, 2- di methyl hydrazine challenge. Cell. Mol. Biol. Lett. 497 
(2005); 10: 535-555. 498 

42. Wu MJ, Weng CY. Ding HY, and Wu PJ. Anti-inflammatory and antiviral effects of Glossogyne 499 
tenuifolia. Life Sci. (2005); 76: 1135-1146. 500 

43. Chen YT, Zheng RL, Jia ZJ, and Ju Y. Flavonoids as superoxide scavengers and antioxidants. 501 
Free Radical Biol Med. (1990); 9: 19-21. 502 

44. Afroz R, Tanvir EM, Karim N, Hossain MDS, Alam N, Gan SH, et al. Sundarban honey confers 503 
protection against isoproterenol-induced myocardial infarction in wistar rats. Hindawi Publishing 504 
Corporation. Bio. Med. Research International. (2016a); 1-10. 505 

45. Khalil MI, Ahmmed I, Ahmed R , Tanvir EM , Afroz R, Paul S. et al. Amelioration of isoproterenol-506 
induced oxidative damage in rat myocardium by Withania somnifera leaf extract. Bio. Med. 507 
Research International. (2015a);  Article ID624159.1-10. 508 

46. Ahmed R, Tanvir EM,  Hossen  MDS,  Afroz  R,  Ahmmed  I , Rumpa  NUR, et al. Antioxidant 509 
properties and cardio-protective mechanism of malaysian propolis in rats. Hindawi Evidence-510 
Based Complementary and Alternative Medicine.2017; Article ID 5370545.1-11.  511 

47. Swamy AV, Wangikar U, Koti BC, et al. Cardio- protective effect of ascorbic acid on doxorubicin-512 
induced myocardial toxicity in rats. Ind. J. Pharm. (2011); 43(5):507–511. 513 

48. Quistroff B, and Grunnet N. The isoenzyme pattern of LDH does not play a physiological role; 514 
except perhaps during fast transitions in energy metabolism. Aging. (2011);3(5): 457-460. 515 

49. Johnson-Davis KL. Enzymes. In: Bishop ML, Fody EP, Schoeff LE, eds. Clinical Chemistry: 516 
Principles, Techniques, and Correlations.7th ed. Philadelphia: Lippincott Williams &Wilkins, 517 
(2013); 262-289. 518 

50. Singh TP, Nigam   AK. Gupta AK, and Singh B. Cardiac Biomarkers: When to Test? – Physician 519 
Perspective. Journal, Indian Academy of Clinical Medicine (JIACM). (2011);12 (2): 117-121. 520 

51. Westermann D, Neumann JT, Sörensen NA, and Blankenberg S. High-sensitivity assays for 521 
troponin in patients with cardiac disease. (2017); 14: 472-483.  522 

52. Fredericks S, Merton GK, Lerena MJ, Haining P, Carter, N.D., and Holt DW. Cardiac troponin 523 
and creatine kinase content of striated muscle in common laboratory animals. Clin. Chim. Act., 524 
(2001);304, 65–74. 525 

53. Singsaas EG, Manhenke CA, Dickstein K, and Orn S. Circulating galectin-3 levels are increased 526 
in patients with ischemic heart disease, but are not influenced by acute myocardial infarction. 527 
Cardiology. (2016);134: 398-405. 528 

54. Yang RY, Rabinovich GA, and Liu FT. Galectins: Structure, function and therapeutic potential. 529 
Expert. Rev. Mol. Med. (2008); 13: e17–e39. 530 

55. Sun SJ, Wu XP, Song HL, and Li GQ. Baicalin ameliorates isoproterenol-induced acute 531 
myocardial infarction through iNOS, inflammation, oxidative stress and P38MAPK pathway in rat. 532 
Int. J. Clin. Exp. Med. (2015); 8(12):22063-22072. 533 

56. Subashini R, and Rajadurai M. Evaluation of cardio protective efficacy of Nelumbo Nucifera leaf 534 
extract on isoproterenol-induced myocardial infarction in wistar rats. International. Journal of 535 
Pharma and Bio Sciences. (2011);2 (4): 285- 294. 536 

57. Swaminathan JK, Khan M, Mohan IK, Selvendiran K, Devaraj SN, Rivera BK, and Kuppusamy P. 537 
Cardio protective properties of Crataegus oxyacantha extract against ischemia-reperfusion 538 
injury. Phytomedicine. (2010);17(10): 744-752. 539 

58. Hemalatha K, and Prince P Preventive effects of zingerone on altered lipid peroxides and non-540 
enzymatic antioxidants in the circulation of isoproterenol-induced myocardial infarcted rats. J. 541 
Biochem. Mol. Toxicol. (2015); 29: 63–69. 542 

59. Rathore N, John S, Kale M, and Bhatnagar D. Lipid peroxidation and antioxidant enzymes in 543 
isoproterenol induced oxidative stress in rat tissues. Pharmacol. Res. (1998); 38: 297-303. 544 

UNDER PEER REVIEW



 

60. Snyder CM, Shroff EH, Liu J, and Chandel NS. (2009): Nitric oxide induces cell death by 545 
regulating anti-apoptotic BCL-2 family members. PLoS One. (2009); 4(9): e7059. 546 

61. Kim SF, Huri DA, and Snyder SH. Inducible nitric oxide synthase binds, S-nitrosylates, and 547 
activates cyclooxygenase-2. Science. (2005); 10.  548 

62. Madhesh M, and Vaiyapuri M. Effect of luteolin on lipid peroxidation and antioxidants in acute 549 
and chronic periods of isoproterenol induced myocardial infarction in rats. Journal of Acute 550 
Medicine. (2012); 2: 70-76. 551 

63. Neri M, Fineschi V, di Paolo M, Pomara C, Riezzo I, Turillazzi, E.et al. Cardiac oxidative stress 552 
and inflammatory cytokines response after myocardial infarction. Curr. Vasc. Pharmacol. (2015); 553 
13: 26–36. 554 

64. Patel V, Upaganlawar A, Zalawadia R, and Balaraman R. Cardio protective effect of melatonin 555 
against isoproterenol induced myocardial infarction in rats: biochemical, electro cardio-graphic 556 
and histoarchitectural evaluation. European J. Pharmacology. (2010);644(1-3): 160-168. 557 

65. Goyal SN, Sharma C, Mahajan UB, Patil R, Agrawal, U. O., Kumari S et al. Protective Effects of 558 
Cardamom in Isoproterenol-Induced Myocardial Infarction in Rats. Int. J. Mol. Sci. (2015);16: 559 
27457–27469. 560 

66. Saravanan G, Ponmurugan P, Sathiyavathi M, Vadivukkarasi S, and Sengottuvelu S. Cardio-561 
protective activity of Amaranthus viridis Linn: effect on serum marker enzymes, cardiac troponin 562 
and antioxidant system in experimental myocardial infarcted rats. International Journal of 563 
Cardiology. (2013);165 (3): 494-498.  564 

67. Saravanan G, and Prakash J. Effect of garlic (Allium sativum) on lipid peroxidation in 565 
experimental myocardial infarction in rats. J. Ethnopharmacol. (2004);94 (1):155-158. 566 

68. Beckman JS, and Koppenol WH. Nitric oxide, superoxide, and peroxynitrite: the good, the bad, 567 
and ugly. Am. J. Physiol.1996; 271: C1424–C1437. 568 

69. Jayalakshmi R and Devaraj SN.  Cardio-protective effect of tincture of Crataegus on 569 
isoproterenol-induced myocardial infarction in rats. Journal of Pharmacy and Pharmacology. 570 
(2004); 56(7): 921–926. 571 

70. Mudagal MP, Karia S, and Goli D. Preventive effect of Rhododendron arboreum on cardiac 572 
markers, lipid peroxides and antioxidants in normal and isoproterenol-induced myocardial 573 
necrosis in rats. African Journal of Pharmacy and Pharmacology. (2011); 5(6): 755-763.  574 

71. Goyal SN, Arora S, Sharma AK, Joshi S, Ray R, Bhatia J, Kumari S, et al. Preventive effect of 575 
crocin of Crocus sativus on hemodynamic, biochemical, histopathological and ultrastuctural 576 
alterations in isoproterenol-induced cardiotoxicity in rats. Phytomedicine. (2010);17: 227-232. 577 

UNDER PEER REVIEW


