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Abstract 

This study was undertaken to evaluate the protective effect of Punarnava (Boerhaavia 

diffusa) plant extract on the biochemical and histopathological alteration in ISO-induced MI 

in male albino wistar rats. ISO-administration showed significant increase in the activities 

of creatine kinase-MB (CK-MB), creatine kinase (CK), alanine transaminase (ALT), 

aspartate transaminase (AST), lactate dehydrogenase (LDH) in serum. Pretreatment with 

hydroalcoholic extract of B. diffusa (100 and 200 mg/kg) for a period of 28 days 

significantly reduced these enzyme activities to near normal. Blood glucose, serum urea 

and creatinine levels were increased and total protein level was decreased in ISO-induced 

rats and pretreatment with hydroalcoholic extract of B.diffusa to ISO-induced rat 

significantly decreased the levels of TBARS and HP in plasma and heart. The activities of 

enzymic antioxidants such as superoxide dismutase (SOD), catalase, glutathione peroxidase 

(GPx), and non-enzymic antioxidant reduced glutathione (GSH), ceruloplasmin, vitamin C 

and vitamin E were significantly decreased in ISO-induced rats. Administration of ISO 

caused significant increase in the levels of serum total cholesterol, triglycerides (TG) and 

free fatty acids (FFA) and decrease in the levels of phospholipids. A significant decrease in 

the membrane bound enzymes, Na
+
 /K

+
-ATPase and increase in Mg

2+
- ATPase and Ca

2+
-

ATPase were observed in ISO–induced rats. Histopathological evidences also supported the 

protective effect of B.diffusa Dose of hydroalcoholic extract (200 mg/kg) possess better 

effect. GC-MS analysis revealed the presence of oxalic acid, allyl nonyl ester, Cis-2-

methyl-7-octadecene, 5,7- Dodecadiyn-1, 12-diol, 1,6-Dibromo-2-cyclohexylpentane 

compounds, which act as bioactive compounds in controlling all these activities in ISO 

induced albino wistar rats. 

 

Keywords: Boerhaavia diffusa, Cardioprotective effects, ISO (isoproterenol induced), 

Marker enzymes, Myocardial Infarction, Oxalic acid, Wistar rats. 

Introduction 

Whole plant of B.diffusa is employed in the treatment of various disorders by the Ayurvedic 

herbal medicine practitioners in India, Nepal, Sri Lanka and indirectly in has major influence on 

Unani, Chinese and Tibetan systems of medicine (Basu et al., 1956). The root is mainly used to 

treat gonorrhoea, internal inflammation of all kinds, dyspepsia, oedema, jaundice, menstrual 

disorders, anaemia, liver, gallbladder and kidney disorders, enlargement of spleen, abdominal 

pain, and heart diseases. Punarnava has diuretic, anti-inflammatory and carminative properties, 

is useful in heart disease, anemia, edema. Punarnava leaves vegetable is consumed to reduce 

edema. According to Ayurveda, herbs are taken in combination with other herbs to neutralize 
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the toxicity of one herb with the opposing effect of the other or to enhance the particular effect 

of one herb with the help of other. Ethanolic extract of B.diffusa, a plant used in Indian 

traditional system of medicine, significantly inhibits the cell proliferation. This led us to 

evaluate the immunomodulatory properties of this plant extract on various in vitro tests such as 

human natural killer (NK) cell cytotoxicity, production of nitric oxide (NO) in mouse 

macrophage cells, RAW 264.7, interleukin-2 (IL-2), tumor necrosis factor-α (TNF-α), 

intracytoplasmic interferon-γ (IFN-γ) and expression of various cell surface markers on human 

peripheral blood mononuclear cells (PBMCs). Ethanolic extracts of B.diffusa roots inhibited 

human NK cells cytotoxicity in vitro production of NO in mouse macrophage cells. The present 

work has been planned to study cardioprotective effect of Boerhaavia diffusa linn on 

Isoproterenol induced myocardial infarction in wistar rats.  

 

Material and Methods 

 Boerhaavia diffusa L. (Nyctaginaceae), the Punarnava, a medicinal herb, the whole plant 

constitute the drug punarnava which contains an active principle, punarnavine, possess diuretic 

properties and is used in drophy and asthma. The leave extract of B.diffusa was dissolved in 

0.2% dimethyl sulfoxide (DMSO) and administered to rats orally using an intragastric tube daily 

for a period of 28 days. At the end of the experimental period, after 12 h of second ISO-

injection, all the rats were anesthetized with sodium pentobarbital (35 mg/kg, i.p.) and sacrificed 

by cervical decapitation. Blood was collected; plasma and serum were separated and used for 

various biochemical estimations. The heart tissue was excised immediately from the animals, 

washed off blood with ice-chilled physiological saline and used for further biochemical 

estimations. A known weight of the heart tissue was homogenized in appropriate buffer 

solution. The homogenate was centrifuged and the supernatant was used for the estimation of 

various biochemical parameters. The experiments were carried out according to the guidelines 

of the Committee for the Purpose of Control and Supervision of Experiments on Animals 

(CPCSEA), New Delhi, India. (1416/a/11/CPCSEA). 
 

Experimental Design 

A total of 30 rats divided into 5 groups of 6 rats in each group were used in this study. 

Group 1: Normal control rats  

Group 2: Normal + Punarnava (B.diffusa) (200 mg/kg) 

Group 3: ISO-control rats (85 mg/kg)  

Group 4: Punarnava (B.diffusa) (100 mg/kg) + ISO  

Group 5: Punarnava (B.diffusa) (200 mg/kg) + ISO  

Results and Discussion 

Isoproterenol is used to induce myocardial damage. Isoproterenol, a synthetic catecholamine 

and beta- adrenergic agonist, has been found to cause a severe stress in the myocardium 

resulting in infarct like necrosis of the heart muscle and is also well known to generate free 

radicals and stimulate lipid peroxidation, which may be a causative factor for irreversible 

damage to the myocardial membrane in experimental myocardial infarction (Senthil Kumar et 

al., 2001). GC-MS analysis of B.diffusa revealed the presence of bioactive compounds oxalic 

acid, 1-Iodo-2-methylundecane, cis-2-methyl-7-octadecene, 4-Tridecene, 5,7-Dodecadiyn-1,12-
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diol, 6,9,12-Octadecatrienoic acid, 1,6-Dibromo-2-cyclohexylpentane, 1,6-Octadiene, 5,7-

dimethyl-, (R) responsible for the biological activities.  

Effect on CK-MB activity and heart weight 

Figure 1 & 2 show the effect of B.diffusa on heart weight and the activity of creatine 

kinase-MB in normal and ISO- induced rats. Rats induced with ISO, exhibited a 

significant increase in the heart weight and the activity of CK-MB when compared to 

normal control rats. Pretreatment with hydroalcoholic extract of B.diffusa (100 and 200 

mg/kg) daily for a period of 28 days significantly decreased the heart weight and the 

activity of CK-MB in serum of ISO-induced rats compared with ISO-alone induced rats.  
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Figure 1: Effect of Boerhaavia diffusa on heart weight in normal and isoproterenol-induced myocardial 

infarction in rats.  

Each value is mean ± S.D. for 6 rats in each group 

Values not sharing a common superscript (a-d) differ significantly with each other (P<0.05, DMRT).  
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Figure 2: Effect of Boerhaavia diffusa on the activity of Creatine Kinase-MB (CK-MB) in serum of 

normal and isoproterenol-induced myocardial infarction in rats.  

Each value is mean ± S.D. for 6 rats in each group 

Values not sharing a common superscript (a-d) differ significantly with each other (P<0.05, DMRT).  

 

Effect on the activities of CK, LDH, AST and ALT 

Figure 3 & 4 depict the activities of cardiac markers such as CK, LDH, AST and ALT in the 

serum of normal and ISO- induced rats. Significant increase in the activities of these marker 

enzymes in the ISO-induced MI rats was observed when compared to control rats. Pretreatment 

with hydroalcoholic extract of B.diffusa (100 and 200 mg/kg) to ISO-induced rats exhibited 
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significant decrease in the activities of the cardiac marker enzymes in serum. 

Pathophysiological changes including cell necrosis, contractile failure, ventricular arrhythmias 

and subcellular changes after ISO administration (85 mg/kg) are comparable to those taking 

place in human myocardial infarction (Subhashini et al., 2011).  
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Figure 3: Effect of Boerhaavia diffusa on the activities of CK and LDH in serum of normal and 

isoproterenol-induced myocardial infarction in rats. 

Each value is mean ± S.D. for 6 rats in each group 

Values not sharing a common superscript (a-d) differ significantly with each other (P<0.05, DMRT). 
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Figure 4: Effect of Boerhaavia diffusa on the activities of AST and ALT in serum of normal and 

isoproterenol-induced myocardial infarction in rats. 

Each value is mean ± S.D. for 6 rats in each group 

Values not sharing a common superscript (a-d) differ significantly with each other (P<0.05, DMRT). 

 

Effect on Biochemical Parameters 

The levels of blood glucose, total protein, urea, and creatinine in normal and ISO - 

induced rats are shown in Table 1. A significant increase in the levels of blood glucose, 

urea, and creatinine and decrease in total protein was observed in ISO-induced rats 

when compared to normal rats. B.diffusa (100 and 200 mg/kg) pretreated rats 

significantly restored the levels of blood glucose, total protein, urea, and creatinine to 

near normal levels. The increase in blood urea and creatinine can accelerate the 

progression of MI. Decreased levels of proteins are due to enormous production of free 

radicals by ISO (Gutteridge et al., 1999). The possible mechanism for the observed 
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antihyperglycemic effect of B.diffusa  treatment may be due to increased ability of 

insulin to mediate tissue glucose uptake, and thus helpful to maintain glucose 

homeostasis (Stanely et al., 2007). 
 

Table 1:  Effect of Boerhaavia diffusa on Blood Glucose, Total Protein, Urea, and Creatinine in normal 

and isoproterenol-induced myocardial infarction in rats 

Groups 
Blood glucose 

(mg/dL) 

Total Protein 

(mg/dL) 
Urea (mg/dL) 

Creatinine 

(mg/dL) 

Normal Control 98.42 ± 4.73
a
 7.24  ± 0.64

a
 20.72 ± 1.22

a
 0.25 ± 0.02

a
 

Normal + Boerhaavia 

diffusa (200 mg/kg) 
95.85 ± 5.11

a
 7.29  ± 0.51

a
 20.03 ± 1.19

a
 0.24 ± 0.03

a
 

ISO (85 mg/kg) 

control 
189.37 ± 8.40

b
 3.86 ± 0.30

b
 43.94 ± 2.23

b
 0.85 ± 0.05

b
 

Boerhaavia diffusa 

(100 mg/kg)  + ISO 
134.05 ± 7.34

c
 5.17 ± 0.42

c
 32.18 ± 1.89

c
 0.48 ± 0.04

c
 

Boerhaavia diffusa 

(200 mg/kg) + ISO 
116.46 ± 5.12

d
 6.02  ± 0.40

d
 26.87 ± 1.56

d
 0.33 ± 0.04

d
 

Each value is mean  S.D. for 6 rats in each group. 

Values not sharing a common superscript (a-d) differ significantly with each other (P<0.05, DMRT). 

 

Table 2: Effect of Boerhaavia diffusa on TBARS and HP in plasma and heart of normal and 

isoproterenol-induced myocardial infarction in rats 

Groups 

TBARS HP 

Plasma 

(nM/ml) 

Heart 

(mM/100g wet 

tissue) 

Plasma 

(valuesx10
-5 

mM/dl) 

Heart 

(mM/100g wet 

tissue) 

Normal Control 2.58± 0.08
a
 0.92 ± 0.02

a
 10.37 ± 0.42

a
 21.94 ± 1.45 

Normal + Boerhaavia 

diffusa (200 mg/kg)  
2.54 ± 0.07

a
 0.90 ± 0.03

a
 10.25 ± 0.51

a
 21.87 ± 1.51

a
 

ISO (85 mg/kg) control 5.63 ± 0.31
b
 1.76 ± 0.07

b
 23.81 ± 1.14

b
 38.73± 2.06

b
 

Boerhaavia diffusa (100 

mg/kg)  + ISO 
3.92 ± 0.16

c
 1.28 ± 0.05

c
 16.19 ± 0.82

c
 30.26 ± 1.72

c
 

Boerhaavia diffusa (200 

mg/kg) + ISO 
2.81 ± 0.12

d
 1.09 ± 0.06

d
 12.95 ± 0.34

d
 25.52 ± 1.07

d
 

 

Each value is mean  S.D. for 6 rats in each group. 

Values not sharing a common superscript (a-d) differ significantly with each other (P<0.05, DMRT). 
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Effect on TBARS and HP 

Table 2 presents data on the levels of Thiobarbituric acid reactive substances (TBARS) 

and Hydroperoxides (HP) in plasma and the heart of normal and ISO-induced rats. Rats 

induced with ISO exhibited a significant increase in the levels of TBARS and HP in 

plasma and the heart when compared to normal control rats.  Pretreatment with 

hydroalcoholic extract of B. diffusa (100 and 200 mg/kg) to ISO-induced rats 

significantly decreased the levels of TBARS and HP in plasma and the heart when 

compared with ISO-alone induced rats. Alterations in the metabolism of lipid peroxides 

are closely associated with myocardial damage due to free radicals produced by ISO. 

An increased level of lipid peroxides in the heart following isoproterenol administration 

indicates enhanced lipid peroxidation by free radicals. (Sivanandham Velavan et al., 

2009). Due to this increased lipid peroxidation, glutathione levels are lowered. 

Effect on the activities of antioxidant enzymes SOD, Catalase, GPx and GST 

The effect of hydroalcoholic extract of B.diffusa on the activities of Superoxide Dismutase 

(SOD), Catalase, Glutathione Peroxidase (GPx) and Glutathione-S-transferase (GST) in normal 

and ISO-induced rats are shown in Table 3.  

 

Table 3: Effect of Boerhaavia ddiffusa on the activities of SOD, CAT, GPx, and GST in normal and 

isoproterenol-induced myocardial infarction in rats 

Groups 

SOD 

(Units/mg 

protein) 

 

Catalase  

(µmoles of H2O2 

consumed/min/m

g protein) 

GPx 

(µg of GSH 

consumed/min 

/mg protein) 

GST    (nmoles of 

CDNB conjugated 

/min/mgprotein) 

Normal Control 12.18  ± 0.81
a
 8.29 ± 0.53

a
 6.45 ± 0.52

a
 665.14 ± 35.2

a
 

Normal + Boerhaavia 

diffusa (200 mg/kg)  
12.24 ±  0.76ª 8.33 ± 0.61

a
 6.54 ± 0.49

a
 672.52 ± 33.7

a
 

ISO (85 mg/kg) control 6.05  ±  0.43
b
 4.08 ± 0.26

b
 3.12 ± 0.16

b
 398.37 ± 25.5

b
 

Boerhaavia diffusa (100 

mg/kg)  + ISO 
8.86 ± 0.66

c
 5.98 ± 0.32

c
 4.77 ± 0.24

c
 502.68 ± 27.3

c
 

Boerhaavia diffusa (200 

mg/kg) + ISO 
10.33 ± 0.57

d
 7.19 ± 0.48

d
 5.61 ± 0.29

d
 588.76 ± 32.1

d
 

 

Each value is mean  S.D. for 6 rats in each group. 

Values not sharing a common superscript (a-d) differ significantly with each other (P<0.05, DMRT). 

 

Rats induced with ISO, exhibited a significant decrease in the activities of these 

antioxidant enzymes, when compared with normal control rats. B.diffusa (100 and 200 mg/kg) 

pretreated ISO-induced rats significantly increased the activities of the antioxidant enzymes 

when compared with ISO- induced rats. These enzymes provide protection from peroxidative 

damage in oxidative stress as antioxidant enzyme consumption is increased due to high lipid 

peroxidation. Production of highly reactive free radical species inhibited the activities of 

antioxidant enzymes (Karthikeyan et al., 2007). 
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Table 4: Effect of Boerhaavia diffusa on the levels of ceruloplasmin, reduced glutathione (GSH), in 

plasma and heart of normal and isoproterenol-induced myocardial infarction in rats. 

 

Groups 
Plasma 

ceruloplasmin 

(mg/dL) 

Plasma GSH 

(mg/dL) 

Heart GSH  

(mM/g wet 

tissue) 

Normal Control 35.24 ± 2.18
a
 24.73 ± 1.44

a
 9.38 ± 0.71

a
 

Normal + Boerhaavia diffusa 

(200 mg/kg)  
35.41 ± 2.07

a
 24.85± 1.35

a
 9.40 ± 0.58

a
 

ISO (85 mg/kg) control 19.72  ± 1.43
b
 10.76 ± 0.92

b
 4.08 ± 0.22

b
 

Boerhaavia diffusa  

(100 mg/kg)  + ISO 
27.05 ± 1.64

c
 16.54 ± 1s.08

c
 6.13 ± 0.46

c
 

Boerhaavia diffusa  

(200 mg/kg) + ISO 
31.86  ± 1.92

d
 21.19  ± 1.21

d
 7.87± 0.55

d
 

Each value is mean  S.D. for 6 rats in each group. 

Values not sharing a common superscript (a-d) differ significantly with each other (P<0.05, DMRT). 

 

Effect on Ceruloplasmin, GSH, Vitamin C and E  

The levels of plasma ceruloplasmin, and GSH, vitamin C and vitamin E in plasma and heart of 

normal and ISO induced rats are shown in Table 4 and Table 5. A significant decrease in the 

levels of plasma ceruloplasmin, and GSH, vitamin C and vitamin E in plasma and heart was 

observed in rats induced with ISO when compared with normal control rats. Pretreatment with 

hydroalcoholic extract of B.diffusa (100 and 200 mg/kg) to ISO-induced rats significantly 

increased the levels of these nonenzymatic antioxidants when compared with ISO- induced rats.  
 

Table 5: Effect of Boerhaavia diffusa on Vitamin C and Vitamin E in plasma and heart of normal and 

isoproterenol-induced myocardial infarction in rats 
 

Groups 

Vitamin C Vitamin E 

Plasma 

(mg/dL) 

Heart 

(µmoles/mg/protein) 

Plasma 

(mg/dL) 

Heart 

(µmoles/mg/protein) 

Normal Control 2.14 ± 0.21
a
 1.15 ± 0.08

a
 1.84 ± 0.18

a
 0.78 ± 0.04

a
 

Normal + Boerhaavia 

diffusa (200 mg/kg)  
2.18± 0.17

a
 1.16 ± 0.07

a
 1.85 ± 0.14

a
 0.79 ± 0.03

a
 

ISO (85 mg/kg) control 0.87  ± 0.05
b
 0.48 ± 0.02

b
 0.72 ± 0.03

b
 0.35  ± 0.02

b
 

Boerhaavia diffusa (100 

mg/kg)  + ISO 
1.56 ± 0.11

c
 0.82 ± 0.06

c
 1.37 ± 0.08

c
 0.52 ± 0.02

c
 

Boerhaavia diffusa (200 

mg/kg) + ISO 
1.82  ± 0.16

d
 0.98  ± 0.07

d
 1.61± 0.09

d
 0.65  ± 0.04

d
 

 

Each value is mean  S.D. for 6 rats in each group. 

Values not sharing a common superscript (a-d) differ significantly with each other (P<0.05, DMRT). 

 

Effect on membrane-bound enzymes  

Table 6 illustrates the effect of B.diffusa on the activities of Sodium Potassium-Dependent 

Adenosine Triphosphatase (Na
+
/K

+
-ATPase), Calcium-Dependent Adenosine Triphophatase 

(Ca
2+

-ATPase) and Magnesium-Dependent  Adenosine Triphophatase (Mg
2+

-ATPase) in normal 

and ISO-induced rats. The activity of Na
+
/K

+
-ATPase was decreased and the activities of Ca

2+
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and Mg
2+

-ATPases were significantly increased in ISO-induced rats.  Pretreatment with 

hydroalcoholic extract of B.diffusa (100 and 200 mg/kg) to ISO-induced rats restored the 

activities of the membrane bound enzymes in heart to near normal values. Oxidants are known 

to initiate lipid peroxidation and thus destroy phospholipids which are required for the normal 

activity of membrane-bound protein. Increased in lipid peroxidation and decrease in the 

phospholipid content in myocardium following ISO injection was reported by Balaraman et al., 

(2009).  

 
Table 6: Effect of Boerhaavia diffusa on the activities of membrane bound enzymes in the heart of 

normal and isoproterenol-induced myocardial infarction in rats. 

 

Groups 

Na
+
/K

+
-ATPase 

(Units*/mg 

protein) 

Ca
2+

-ATPase 

(Units*/mg 

protein) 

Mg
2+

-ATPase 

(Units*/mg 

protein) 

Normal Control 1.06 ± 0.05
a
 1.67 ± 0.15

a
 6.24 ± 0.76

a
 

Normal + Boerhaavia diffusa  

(200 mg/kg)  
1.06 ± 0.04

a
 1.68 ± 0.13

a
 6.26 ± 0.81

a
 

ISO (85 mg/kg) control 0.41 ± 0.02
b
 3.48 ± 0.24

b
 14.78 ± 1.25

b
 

Boerhaavia diffusa  

(100 mg/kg)  + ISO 
0.72 ± 0.03

c
 2.56 ± 0.18

c
 10.43 ± 0.96

c
 

Boerhaavia diffusa  

(200 mg/kg) + ISO 
0.89 ± 0.04

d
 1.91 ± 0.11

d
 7.95 ± 0.63

d
 

 

* Activity expressed as units: μmol of phosphorus liberated/min/mg protein  

  Each value is mean  S.D. for 6 rats in each group. 

  Values not sharing a common superscript (a-d) differ significantly with each other (P<0.05, DMRT).  

 

Effect on Lipid Profile 

The effect of hydroalcoholic extract of B.diffusa on the levels of plasma cholesterol, 

phospholipids, triglycerides and free fatty acids in normal and ISO- induced rats are shown in 

Figure 5 & 6. ISO induced rats showed a significant increase in the levels of cholesterol, 

triglycerides and free fatty acids and decrease in the level of phospholipids. B.diffusa (100 and 

200 mg/kg) pretreated ISO-induced rats significantly decreased the levels of plasma cholesterol, 

triglycerides and free fatty acids and increased the level of phospholipids as compared to ISO- 

induced rats. High levels of circulating cholesterol and its accumulation in heart tissue are well 

associated with cardiovascular damage (Salter et al., 1999). An altered lipid metabolism can 

alter the cardiac function by changing the properties of cardiac cell membrane and these 

changes may contribute to the cell death that follows coronary artery occlusion (Katz et al., 

1989). 

 

Effect on the histopathology of heart 
The effect of B.diffusa on the degree of histological changes in myocardial tissues in normal and 

ISO- induced rats. Histopathological findings of the ISO-alone induced myocardium showed 

infracted zone with mild oedema and inflammatory cells and also showed separation of cardiac 

muscle fibres. Pretreatment with Punarnava (B.diffusa) at a dose of 100 mg/kg showed moderate 

cardiac fibres and a few inflammatory cells without oedema.  
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Figure 5: Effect of Boerhaavia diffusa on the levels of Cholesterol and Phospholipids in normal and 

isoproterenol-induced myocardial infarction in rats 

Each value is mean ± S.D. for 6 rats in each group 

Values not sharing a common superscript (a-d) differ significantly with each other (P<0.05, DMRT). 
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Figure 6: Effect of Boerhaavia diffusa on the levels of Triglycerides (TG) and Free Fatty Acids (FFA) in 

normal and isoproterenol-induced myocardial infarction in rats 

 

Each value is mean ± S.D. for 6 rats in each group 

Values not sharing a common superscript (a-d) differ significantly with each other (P<0.05, DMRT). 

 

The decrease in SOD and catalase may be due to the involvement of superoxide and 

hydrogen peroxide free radicals in myocardial cell damage mediated by ISO (Guarnieri et al., 

1980). Punarnava (B.diffusa) pre-treatment at a dose of 200 mg/kg showed a few separations in 

muscle fibres without oedema and inflammatory cells and near normal architecture. Punarnava 

(B.diffusa) (200 mg/kg, respectively) administration to normal rats showed normal architecture 

of the myocardium showed the normal architecture myocardium with healthy cardiac cells. 

Isoproterenol has vasoconstriction and platelet aggregation property which might have 

aggravated the myocardial injury with ISO treatment (Xia et al., 2006). For all the parameters 

studied Punarnava (B.diffusa) at a dose of 100 and 200 mg/kg to ISO-induced rats showed 

significant effects. However the higher dose (200 mg/kg) gives a better effect than lower dose 

(20 mg/kg). Punarnava (B.diffusa) at 100 mg/kg to normal rats didn’t show any significant 

effect. 
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