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ABSTRACT

Background: For many years, serologic markers have been used to assist cardiologists in the diagnosis and
management of patients with myocardial infarction (MI). Once the serologic markers such as cardiac marker enzymes
come to normal level upon a treatment, it clearly shows the treatment drug has the role in the management of MI.
Objectives: The present study is designed to evaluate the effect of Nigella sativa seeds called black cumin on
isoproterenol induced myocardial infarction in experimental rats.
Materials and methods: The rats were randomly divided into four groups of 6 rats each. Group 1 rats received 1.0 ml
of 0.5% carboxymethyl cellulose (CMC) throughout the experimental period and served as the control. Group 2 rats
received CMC as in group 1 and isoproterenol (85 mg/kg body weight) intraperitoneally twice at an interval of 24 hours
on the 14th and 15th days. The rats in group 3 received black cumin (150 mg/kg body weight) intragastrically for a
period of 15 days. Group 4 rats received black cumin and isoproterenol as said above and the experiment was
terminated on 16th day and animals were sacrificed by cervical decapitation after an overnight fast. Blood was collected
for the estimation of biochemical parameters and heart dissected out for biochemical estimation and histopathological
examination.
Results: Along with VLDL, TG, cholesterol, free fatty acids, the levels of marker enzymes in serum such as AST, ALT,
LDH, CK, and tissue lipid profile of TG, cholesterol, free fatty acids were significantly decreased (p < 0.05), whereas
the levels of CK-MB and HDL, LDL in serum and tissue lipid profile of phospholipids were significantly increased
(p < 0.05) in rats pretreated with black cumin compared to that of the group which received isoproterenol alone.
Conclusion: Pretreatment with black cumin offered a protective effect against isoproterenol induced myocardial
infarction in rats as evidenced by cardiac markers and lipid profile of the heart tissue.
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INTRODUCTION

Myocardial infarction (MI) is a therapeutic
enigma which is the principal cause of death in
both developed and developing countries as a
result of cardiovascular diseases, and has been
the object of intense investigation by clinicians
and basic medical scientists.[1] Although clinical
care is improved, public awareness is raised and
health innovations are widely used, myocardial
infarction still remains the leading cause of
death worldwide.[2] In India, the number of patients
being hospitalized for MI, commonly known as
heart attack, is increasing over the past 35 years

and male patients have shown a more striking
increase.[3] MI results from the prolonged
myocardial ischemia with necrosis of myocytes
due to interruption of blood supply to an area
of heart.[4]
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Experimental models for myocardial
infarction greatly help to identify interventions
that probe the pathogenesis underlying myocardial
infarction. Each experimental model, with its
own inherent advantages and disadvantages,
helps the investigator to select the most appropriate
study design. The pathophysiological changes
occurred in heart following isoproterenol
administration in rats are comparable to those
taking place in human myocardial infarction.[5]
Isoproterenol, a synthetic catecholamine and
β-adrenergic agonist, causes severe stress in the
myocardium resulting in infarction like necrosis of
the heart muscle.[6] It is very well established
that isoproterenol induced MI in rats is accompanied with an increase in cardiac marker
enzymes and altered lipid profile. Isoproterenol
induced MI involves membrane permeability
alterations that bring about loss of function and
integrity of myocardial membrane. It also has
been reported to show many metabolic and
morphologic aberrations in the heart tissue of
experimental animals.[7] It also increases the
levels of low-density lipoprotein (LDL) and,
cholesterol in the blood, which inturn leads to
the formation of atherosclerosis in the arteries
thus favoring coronary heart disease.[8] Lipids
and lipoproteins play an important role in the
pathology of myocardial infarction. To achieve
the greatest possible reduction in MI risk,
treatment strategies should be aimed at reducing the
increased levels of circulatory lipids and
maintaining the normal levels of lipoproteins. [9]
Many modern drugs are effective in
preventing cardiovascular diseases, but their
use is often limited because of their adverse
side effects.[10] Dietary factors play a key role
in the prevention of various human diseases
including cardiovascular diseases. Epidemiological
studies have shown that diets rich in fruits,
herbs, and spices are associated with low risk
of cardiovascular diseases.[11] Nigella sativa L.,
a dicotyledonous of Ranunculaceae family, is
an amazing herb with a rich historical and religious
background and has been employed for thousands
of years as a spice and food preservative, as
well as a protective and curative remedy for
numerous disorders.[12] The seeds have long
been used in the middle and far East as a traditional
medicine for a wide range of illness including
bronchial asthma, headache, dysentery, infections,

obesity, back pain, hypertension and gastrointestinal
problems. Its use in skin condition such as eczema
has also been recognized worldwide.[13] The
seeds of Nigella sativa, commonly known as
black cumin are the source of the active ingredients
of this plant. Various therapeutic effects, such
as antioxidant[14], anti-inflammatory[15], anticancer[16],
antihistaminic[17], antibacterial effects[18] have
been described for Nigella sativa. Thymoquinone,
the active constituent of Nigella sativa seeds, is
a pharmacologically active quinone, prevents
oxidative injury in various in vitro and in vivo
studies in rats[19, 20] and also has been suggested
that thymoquinone may quench oxidant radicals and
prevents membrane lipid peroxidation in tissues.[21]
We had previously reported that black cumin
could be protective against the isoproterenol
induced myocardial damage as it significantly
increased the levels of antioxidant enzymes
and decreased the oxidative stress produced by
isoproterenol.[22] Therefore, the present study
has been designed to elucidate the effect of
black cumin (Nigella sativa) on isoproterenol
induced cardiac damage with reference to
marker enzymes and lipid profile.
MATERIALS AND METHODS

Animals
The Wistar strain male albino rats,
weighing 110-150 g were selected for the
study. They were housed in plastic cages with
filter tops under controlled conditions of 12 hr
light/12 hr dark cycles 50% humidity at 28°C.
The animals were allowed to feed a commercial pellet diet comprised of 20% crude protein,
5% fat, 4% crude fiber, 8% ash, 2% calcium, 0.6% phosphorus, 3.4% glucose, 2% vitamins and 55% nitrogen free extract that obtained from Venkateshwara enterprises, Bangalore, India and water ad libitum. The animals
were treated strictly according to the CPCSEA
guidelines and the study was conducted after
obtaining permission from Institutional Animal
Ethics Committee (IAEC) of the institution.
Chemicals
Isoproterenol was obtained from the
Sigma Chemical Company, St. Louis, MO,
USA. All the other chemicals and reagents
were purchased from Himedia Laboratories,
Mumbai, India.
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Formulation and administration of black cumin

Preparation of tissue homogenate

The black cumin seeds of Nigella sativa
were purchased from the local market in Salem,
Tamilnadu, India. The seeds were grinded with
a grinder into powder and dissolved in freshly
prepared carboxymethyl cellulose and each animal
belonging to two different groups received
black cumin at a dose of 150 mg/kg body
weight[22] everyday by intragastric intubation.

Heart tissue were removed immediately
after sacrificing and washed with ice-cold saline and
homogenized by using tris buffered pH 7.8 in a
tissue homogenizer.

Induction of myocardial infarction
Myocardial infarction was induced by
intraperitoneal (i.p.) injection of isoproterenol
hydrochloride 85 mg/kg body weight, dissolved in
physiological saline, for two consecutive days
(14th and 15th day).[23]
Study design
The rats were randomly divided into four
groups of 6 rats each. Group 1 rats received 1.0 ml
of 0.5% carboxymethyl cellulose (CMC)
throughout the experimental period of 15 days
and served as the untreated control. Group 2
rats received CMC as in group 1 and given isoproterenol (85 mg/kg body weight) intraperitoneally twice at an interval of 24 hours on the
14th and 15th day. The rats in group 3 received
black cumin via intragastric intubation at a daily
dose of 50 mg/kg body weight for a period of
15 days. Group 4 rats received black cumin as
in group 3 for 15 days and they also received
isoproterenol (85 mg/kg body weight) injections
intraperitoneally twice at an interval of 24
hours. The experiment was terminated on 16th
day and all the animals were sacrificed by cervical
decapitation after an overnight fast.
Preparation of hemolysate
Blood was collected in heparinized
tubes and plasma separated by centrifugation at
2000 x g for 10 min. Serum was collected and
used for the determination of cardiac marker
enzymes, lipoproteins and lipid metabolites like
triglycerides, phospholipids, free fatty acids and
cholesterol. Hemolysate was prepared by lysing a
known volume of erythrocytes with hypotonic
phosphate buffer pH 7.4. The contents were
then centrifuged at 3000 x g for 10 min at 2˚C
to separate the hemolysate.

Biochemical estimation
Lipids from the heart tissues were extracted
by the method of Folch.[24] Total cholesterol was
determined from serum and heart tissue by the
method of Zlatkis.[25] Lipid extract was treated
with ferric chloride acetic acid reagent to precipitate
the proteins. The protein free supernatant was
treated with concentrated H2SO4. A reddish
purple color formed was read in a Spectronic
20 colorimeter at 560 nm. The protein values
are expressed as mg/100g tissue or mg/dl.
Phospholipids were determined from serum
and heart tissue by the method of Zilversmit. [26]
The formation of stable blue color, which was
read in a colorimeter at 680 nm. The amounts
of phospholipids are expressed as mg/100 g
tissue or mg/dl. Triglycerides were determined
from serum and heart tissue by the method of
Foster.[27] The absorbance of yellow colored
compound was read in a Spectronic 20 colorimeter at
405 nm. The triglyceride content is expressed
as mg/100 g tissue or mg/dl. Free fatty acids
were determined from serum and heart tissue
by the method of Falholt.[28] The amounts of
free fatty acids are expressed as mg/100 g tissue
or mg/dl.
Activities of aspartate and alanine
transaminase (AST and ALT respectively) from
serum were assayed by the method of Reitman.[29]
The liberated oxaloacetate and pyruvate reacts
with 2, 4-dinitrophenyl hydrazine to form 2, 4dinitrophenyl hydrazone, which was read at
540 nm. Activities of AST and ALT were
expressed as IU/L. The activity of lactate
dehydrogenase (LDH) from serum was assayed in
serum using a commercial kit (Product No.
72351) purchased
from
Qualigens
Diagnostics, Mumbai, India. The enzyme
activity was expressed as IU/L for serum.
Creatine kinase (CK) activity from serum was
assayed by the method of Okinada.[30] The
enzyme activity was expressed as IU/L for
serum. Creatine kinase-MB (CK-MB) activity
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from serum was assayed using a commercial
kit (Product No. 11207001) obtained from
Agappe Diagnostics, Kerala, India. The enzyme
activity in serum was expressed as IU/L.
Statistical analysis
The data presented as mean ± standard
deviation. Results were analyzed using one-way
analysis of variance [ANOVA] and the group
means were compared by Duncan’s Multiple
Range Test [DMRT] using SPSS version 12 for
windows. A p value of <0.05 was considered
as statistically significant.
RESULTS

Changes in the levels of serum marker enzymes
Table 1 shows the effect of black cumin
on the circulating levels of marker enzymes
(AST, ALT, CK and LDH) of control and
experimental animals. Circulating levels of
(AST, ALT, CK and LDH) status were significantly
increased except CK-MB showed decreased
levels in isoproterenol (group 2) treated rats
compared to control rats (group 1), whereas the
activity of the marker enzymes (AST, ALT,
CK and LDH) were significantly decreased
except CK-MB showed increased levels in
black cumin + isoproterenol treated rats (group
4) compared to untreated isoproterenol treated
rats (group 2). The activities of marker enzymes
(AST, ALT, CK and LDH) were near to control rats
treated with black cumin (group 3) as compared
to untreated control rats (group 1).
Changes in the levels of serum lipoproteins
Table 2 shows the effect of black cumin
on lipoproteins (VLDL, LDL and HDL) of
control and experimental animals. Circulating
levels of lipoprotein VLDL was significantly
increased except HDL and LDL showed decreased
levels in isoproterenol treated rats (group 2) as
compared to the control rats (group 1), whereas
the activity of lipoprotein VLDL was significantly
decreased except HDL and LDL showed increased
levels in black cumin + isoproterenol treated
rats (group 4) as compared to untreated
isoproterenol treated rats (group 2). The activities of
lipoproteins (VLDL, LDL and HDL) were near to
control rats treated with black cumin (group 3)
as compared to untreated control rats (group 1).

Changes in the levels of serum lipid profile
Table 3 shows the effect of black cumin
on serum lipid metabolism (triglyceride, cholesterol,
free fatty acids and phospholipids) of control
and experimental animals. Circulating levels of
triglyceride, cholesterol, free fatty acids and
phospholipids were significantly increased in
isoproterenol treated rats (group 2) as compared
to the control rats (group 1), whereas the activity of
triglyceride, cholesterol, free fatty acids and
phospholipids) were significantly decreased in
black cumin + isoproterenol treated rats (group 4)
as compared to untreated isoproterenol treated
rats (group 2). The activities of triglyceride,
cholesterol, free fatty acids and phospholipids
were near to control rats treated with black
cumin (group 3) as compared to untreated
control rats (group 1).
Changes in the levels of heart tissue lipid profile
Table 4 shows the effect of black cumin
on tissue lipid metabolism (triglyceride, cholesterol,
free fatty acids and phospholipids) of control
and experimental animals. Tissue levels of
triglyceride, cholesterol and free fatty acids
were significantly increased except phospholipids
showed decreased levels in isoproterenol treated
rats (group 2) as compared to the control rats
(group 1), whereas the activity of triglyceride,
cholesterol and free fatty acids were significantly
decreased except phospholipids showed
increased levels in black cumin + isoproterenol
treated rats (group 4) as compared to untreated
isoproterenol treated rats (group 2). The activities
of tissue levels of triglyceride, cholesterol, free
fatty acids and phospholipids were near to control rats
treated with black cumin (group 3) as compared
to untreated control rats (group 1).
DISCUSSION

Cardiovascular disease is a major global
health problem reaching epidemic proportions in the
Indian subcontinent [31] and low and middle
income countries, accounting for 78% of all
deaths.[32] Myocardial cell protection and
prevention of cell ischemia or necrosis have
been therapeutic targets for a long time. New
therapies are needed to treat myocardial ischemia
because current treatment has only a limited impact
on survival and annual costs.[33]
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Table 1: Effect of black cumin on serum marker enzymes of control and experimental rats

Groups

AST (UL-1)

ALT (UL-1)

LDH (UL-1)

CK (UL-1)

CK-MB (UL-1)

Control

25.55 ± 0.29

13.32 ± 0.48

83.18 ± 0.51

135.33 ± 0.53

162.31 ± 0.56

Isoproterenol
(85 mg/kg)

53.63 ± 0.72* 24.88 ± 0.41*

158.35 ± 0.60* 189.27 ± 0.58*

80.24 ± 0.47*

Black cumin
(150 mg/kg)

20.61 ± 0.25

11.85 ± 0.53

60.3 ± 0.56

120.58 ± 0.48

165.43 ± 0.39

Isoproterenol +
black cumin

39.93 ± 0.44†

17.56 ± 0.25†

118.15 ± 0.66†

150.55 ± 0.29†

145.57 ± 0.69†

The results are expressed as mean ± SD for 6 animals in each group.
AST - aspartate transaminase,
ALT - alanine transaminase
*p < 0.05 vs. control
†
LDH - lactate dehydrogenase
p < 0.05 vs. isoproterenol
CK - Creatine kinase
CK-MB - Creatine kinase-MB
Table 2: Effect of black cumin on serum lipoproteins of control and experimental rats

Groups

HDL (UL-1)

LDL (UL-1)

VLDL (UL-1)

Control

50.37± 0.26

68.2 ± 0.46

20.51 ± 0.29

Isoproterenol
(85 mg/kg)

30.45 ± 0.26*

40.52 ± 0.29*

28.37 ± 0.35*

Black cumin
(150 mg/kg)

55.43 ± 0.29

52.46 ± 0.30

16.52 ± 0.27

Isoproterenol +
black cumin

45.45 ± 0.26†

59.28 ± 0.50†

22.54 ± 0.23†

The results are expressed as
mean ± SD for 6 animals in each group.
HDL - High density lipoprotein
LDL - Low density lipoprotein
VLDL - Very low density lipoprotein
*p < 0.05 vs. control
†
p < 0.05 vs. isoproterenol

Table 3: Effect of black cumin on serum lipid products of control and experimental rats

Groups

Triglycerides

Cholesterol

Free Fatty acids

Phospholipids

Control

132.02 ± 0.69

76.25 ± 1.27

24.61 ± 0.73

80.5 ± 0.67

Isoproterenol
(85 mg/kg)

181.59 ± 1.04*

115.19 ± 1.10* 37.26 ± 0.71*

61.49 ± 0.64*

Black cumin
(150 mg/kg)

119.06 ± 0.44

56.06 ± 0.94

20.67 ± 0.72

82.43 ± 0.34

Isoproterenol +
143.34 ± 0.43†
black cumin

85.37 ± 0.73†

32.74 ± 0.39†

76.51 ± 0.74†

The results are expressed as mean ± SD for 6 animals in each group.
*p < 0.05 vs. normal
†
p < 0.05 vs. isoproterenol
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Table 4: Effect of black cumin on tissue lipid metabolism of control and experimental rats

Groups

Triglycerides

Cholesterol

Free Fatty acids

Phospholipids

Control

3.37 ± 0.37

2.51 ± 0.25

4.29 ± 0.21

13.48 ± 0.23

Isoproterenol
(85 mg/kg)

5.43 ± 0.39*

4.65 ± 0.23*

5.64 ± 0.24*

7.35 ± 0.25*

Black cumin
(150 mg/kg)

2.33 ± 0.26

1.35 ± 0.19

2.35 ± 0.199

14.56 ± 0.28

Isoproterenol +
black cumin

2.96 ± 0.38†

2.86 ± 0.23†

4.57 ± 0.26†

12.49 ± 0.24†

The results are expressed as mean ± SD for 6 animals in each group.
*p < 0.05 vs. normal
†
p < 0.05 vs. isoproterenol

The present investigation is aimed to
evaluate and explore the cardioprotective effect
of black cumin, seeds of Nigella sativa on
isoproterenol induced myocardial infarction in rats.
Myocardium contains an abundant concentration
of diagnostic marker enzymes of myocardial
infarction viz., circulating lipids, CK, LDH, transaminases and once metabolically damaged,
release of its content into the extra cellular fluid
serves as the diagnostic markers of myocardial
tissue damage.[34]
Isoproterenol is well known cardiotoxic
agent due to its ability to destruct myocardial cells. Its
administration brought about a significant decrease in
the activities of cardiac marker enzymes, which leads
to subsequent increase in the activities of these
enzymes in the serum. This might be due to the
damage in the heart tissue, rendering the leakage
of enzymes into the serum.[35] The release of cellular
enzymes reflects the alterations in plasma membrane
integrity and/or permeability as a response to
β-adrenergic stimulation. Acute β-adrenergic
receptor stimulation not only rapidly generates
reactive oxygen species, but also down regulates
copper-zinc superoxide dismutase enzyme activity,
protein and mRNA and reduces glutathione level,
leading to the loss of membrane integrity, inducing
heart contractile dysfunction and myocyte
toxicity finally producing myocardial necrosis.[36]
The enzymes such as AST, ALT, CK and LDH
serve as sensitive indices to assess the severity
of myocardial infarction.[37]

In our study we observed significant
increase in the level of marker enzymes (AST,
ALT, CK and LDH) in serum of isoproterenol
treated rats, which is in line with previous
report.[38] It is noticeable that isoproterenol
induced rats showed increased levels of AST
and ALT when compared to control rats. This
finding could be a consequence of a reduction in
the number of viable myocytes due to enhanced
cell death in heart, as these animals showed the
highest levels of AST, ALT, LDH and CK. [39]
Treatment with black cumin (150 mg/kg)
decreased the levels of these marker enzymes
clearly pointed out that black cumin could be
highly cardio-protective against the MI. Our
previous findings also supported that black
cumin have the cardioprotective activity against
isoproterenol induced MI due to its strong
antioxidant property.[22]
We also observed a marked decline activity of
CK-MB in serum of isoproterenol treated rats.
CK-MB is mainly found in the heart muscle, where
more than 20% of the total CK activity is present
as CK-MB, and nearly 80% as CK-MM. CK-MB
leaks out from myocardium due to disintegration of
the contractile apparatus & increased sarcoplasmic permeability leads to increased concentration in
the serum and always detectable in patients with
recent infarcts.[41] Previous reports showed that
in isoproterenol induced rats there is marked
rise in lipid peroxidation with concomitant fall in
myocardial CK-MB activity.[42]
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The decreased level of CK-MB in myocardium
also confirms the injured state of myocardium
peroxidation with concomitant fall in myocardial
CK-MB activity.[42] The decreased level of
CK-MB in myocardium also confirms the injured
state of myocardium. Treatment with black
cumin (150 mg/kg) showed decreased activity
of CK-MB isoenzyme in serum suggesting the
prevention of myocardial injury.
Lipid metabolism plays an important
role in myocardial necrosis produced by
ischemia.[43] In our study we observed increased
levels of total CH and LDL, decreased levels of
HDL in isoproterenol treated rats. Our results
are in line with previous findings.[44] An increase
in concentration of total cholesterol and LDL
cholesterol, and a decrease in HDL cholesterol
are associated with raised risk of myocardial
infarction.[45] There is a growing body of evidence
from epidemiologic, clinical and laboratory
data indicating that elevated triglyceride levels
are an independent risk factor for cardiovascular
disease.[46] Hyperglyceridemic patients at a risk
for cardiovascular disease often develop a lipoprotein
profile characterized by elevated triglyceride,
dense LDL, and low HDL cholesterol which
causes myocardial membrane damage.[47]
Treatment with black cumin (150 mg/kg) prevented
the elevation of triglycerides, cholesterol and
LDL in serum, signifying that the myocardial
membrane is intact and not damaged. Our
previous study also supported that black cumin
have strong antioxidant activity against
isoproterenol induced MI thereby restore the

normal levels of antioxidant enzymes and
decreased the reactive oxygen species.[22]
The treatment of black cumin (150 mg/
kg body weight) showed significant reduction
in isoproterenol induced elevated serum marker
enzymes. This is probably due to the protective effect
of the black cumin on the myocardium; this
reduced the extent of myocardial damage and
thereby restricted the leakage of these enzymes
from the myocardium. In our study, we found
that black cumin protected myocardium from isoproterenol induced myocardial functional and structural
injury via near normalization levels of diagnostic
marker enzymes. The observed myocardial protective
effect of black cumin could be due to its protective
activity in the presence of phytoconstituents such as
thymoquinone, dithymoquinone, thymohydroquinone, thymol, carvacrol, tanethole and
4-terpineol.[41]
In conclusion, the results of the present
study indicated that the prior administration of
the black cumin attenuates isoproterenol
induced MI. The cardioprotective effect of the
black cumin is probably related to its ability to
strengthen the myocardial membrane by its
membrane stabilizing action.[48] Further research is
needed to purify and identify the specific
bioactive compounds that are responsible for
the cardioprotective action of black cumin
seeds.
ACKNOWLEDGEMENT

Nil.

REFERENCES

1.Maxwell SR, Lip GY. Reperfusion injury: a 5. Wang J, Bo H, Meng X, Wu Y, Bao Y, Li Y.
A simple and fast experimental model of myreview of the pathophysiology, clinical maniocardial infarction in the mouse. Tex Heart
festations and therapeutic options. Int J Cardiol
Inst J 2006;33:290-3.
1997;58:95-117.
2.Aroow WS. Epidemiology, pathophysiology, 6. Saravanan G, Prakash J. Effect of garlic
(Allium sativum) on lipid peroxidation in
prognosis, and treatment of systolic and diastolic
experimental myocardial infarction in rats. J
heart failure. Cardiol Rev 2004;14:108–24.
Ethanopharmacol 2004;94:155-8.
3. Krishnaswami S. Observations on serial
changes in coronary artery disease in Indians. 7. Karthikeyan K, Bai BRS, Devaraj SN.
Efficacy of grape seed proanthocyanidins on
Curr Sci 1998;74:1064-8.
serum and heart tissue lipids in rats subjected
4.Whellan DJ. Heart failure disease management:
to isoproterenol induced myocardial injury.
Implementation and outcomes. Cardiol Rev
Vascul Pharmacol 2007;47:295-301.
2005;13:231-9.
International Journal of Pharmacology and Clinical Sciences June 2012 Vol.1 Issue 2

45-53

51

Cardioprotective effect of black cumin

8. Nair PS, Shyamala Devi CS. Efficacy of
mangiferin on serum and heart tissue lipids
in rats subjected to isoproterenol induced
cardio toxicity. Toxicol 2006; 228:135-9.
9. Stanely Mainzen Prince P, Sathya B. Pre-

treatment with quercetin ameliorates lipids,
lipoproteins and marker enzymes of lipid
metabolism in isoproterenol treated cardiotoxic
male Wistar rats. Eur J Pharmacol 2010;
635:142-8.
10.Frishman WH, Skolnick AE, Lazar EJ, Fein

S. Beta-adrenergic blockade and calcium
channel blockade in myocardial infarction.
Med Clin North Am 1989;73:409-36.
11.Banerjee SK, Maulik SK. Effect of garlic on
cardiovascular disorders: a review. Nutr J
2002;1:4. doi:10.1186/1475-2891-1-4.
12.Goreja WG. Black Seed: Nature’s Miracle
Remedy. New York: Amazing Herbs Press;
2003.
13.Al-Rowais NA. Herbal medicine in the
treatment of diabetes mellitus. Saudi Med J
2002;23:1327-31.
14.Burits M, Bucar F. Antioxidant activity of
Nigella sativa essential oil. Phytother Res
2000;14:323-8.
15.Houghton PJ, Zarka R, de las Heras B,
Hoult JR. Fixed oil of Nigella sativa and derived
thymoquinone inhibit eicosanoid generation
in leukocytes and membrane lipid peroxidation.
Planta Med 1995;61:33-6.

protective activity of thymoquinone in isolated
rat hepatocytes. Toxicol Lett 1998;95:23-9.
20.Mansour MA, Ginawi OT, El-Hadiyah T,
El-Khatib AS, Al-Shabanah OA, Al-Sawaf
HA. Effects of volatile oil constituents of
Nigella sativa on carbon tetrachloride
induced hepatotoxicity in mice: evidence for
antioxidant effects of thymoquinone. Res
Commun Mol Pathol Pharmacol 2001;110:
239-51
21.Mansour MA, Nagi MN, El-Khatib AS,
Al-Bekairi AM. Effects of thymoquinone
on antioxidant enzyme activities, lip id
peroxidation and DT-diaphorase in different
tissues of mice: a possible mechanism of
action. Cell Biochem Funct 2002;20:143-51.
22.Ragunath M, Murugesan M, Sakthivel M,
Manju V. Cardioprotective effect of black
cumin on isoproterenol induced myocardial
infarction in rats. J Pharm Res 2011;4:2040-4.
23.Murugesan M, Ragunath M, Nadanasabapathy
S, Revathi R, Manju V. Protective role
of fenugreek on isoproterenol induced
myocardial infarction in rats. International
research journal of pharmacy 2012;3:211-6.
24.Folch J, Lees M, Stanley GHS. A simple
method for isolation and purification of total
lipids from animal tissues. J Biol Chem
1957;226:497-509.
25.Zlatkis A, Zak B, Boyle AJ. A new method
fo r t he d ir ect determination o f ser u m
cholesterol. J Lab Clin Med 1953;4:486-92.

16.Khalife KH, Lupidi G. Nonenzymatic reduction
of thymoquinone in physiological conditions.
Free Radic Res 2007;41:153-61.

26.Zilversmit BB, Davis Ak. Micro-determination
of plasma phospholipids by TCA precipitation.
J Lab Clin Med 1950;35:155-61.

17. Kanter M, Coskun O, Uysal H. The antioxidative and antihistaminic effect of Nigella
sativa and its major constituent, thymoquinone on ethanol-induced gastric mucosal
damage. Arch Toxicol 2006;80:217-24.

27.Foster LB, Dunn RT. Ed. Stable reagents
for determination of free and ester cholesterol.
Practical Clinical Biochemistry. NewDelhi:
CBS Publishers; 1973.p.311-6.

18.Morsi NM. Antimicrobial effect of crude
extracts of Nigella sativa on multiple antibiotics
resistant bacteria. Acta Microbiol Pol.
2000;49:63-74.
19.Daba MH, Abdel-Rahman MS. Hepato

28.Falholt K, Lund B, Falholt W. An easy
colorimetric micro-method for routine determination of free fatty acids in plasma. Clin
Chim Acta 1973;46:105-11.
29.Reitman S, Frankel S. A colorimetric method
for the determination of serum glutamate

International Journal of Pharmacology and Clinical Sciences June 2012 Vol.1 Issue 2

45-53

52

Cardioprotective effect of black cumin

oxaloacetic and glutamate pyruvic transami
nases. Am j Clin Pathol 1957;28:56.
30.Okinada S, Kumagai H, Ebashi, Sugita H,
Momoi H, Toyokura Y. Serum creatinine
phosphokinase. Activity in progressive muscular
dystrophy and neuromuscular disease. Arch
Nurol 1961;4:520-5.
31.Banerjee A. Coronary artery disease and its
problems in management. J Indian Med Assoc
2001;99:474-5.
32.WHO: The World Health Report 1999.
Making a difference. Geneva: World Health
Organization.
33. Milano CA, Allen LF, Rockman HA, Dolber

PC, McMinn TR, Chien KR, et al. Enhanced
myocardial function in transgenic mice
overexpressing beta-2 adrenergic receptor.
Science 1994; 264:582-6.
34.Suchalatha S, Shyamaladevi CS. Protective
effect of Terminalia chebula against experimental
myocardial injury induced by isoproterenol.
Indian J Exp Biol 2004;42:174-8.
35.Ebenezar KK, Sathish V, Devaki T. Effect
of arginine and lysine on mitochondrial
function during isoproterenol induced myocardial
infarction. Nut Res 2003;23:1269-77.
36.Sabeena F, Anandhan R, Senthil KS, Hari S,
Sankar TV, Thankapan TK. Effect of squalene on
tissue defense system in isoproterenol
induced myocardial infarction in rats. Pharm
Res 2004;50:231-6.
37.Sheela Sasikumar C, Shyamaladevi CS.
Protective effect of Abana, a polyherbal
formulation, on isoproterenol induced myocardial
infarction in rats. Ind J Pharmacol 2000;32:
198-201.
38.Manso M, Ramudo L, De Dios I. Extrapancreatic organ impairment during acute pancreatitis
induced by bile-pancreatic duct obstruction.
Effect of Nacetylcysteine. Int J Exp Path
2007;88:343-9.

39.Mair J, Wagner I, jakob G, Lechleitner P,
Drenstl F, Paschenctort B, Michel G. Different
time courses of cardiac contractile proteins
after acute myocardial infarction. Clin Chim
Acta 1994;231:47-60.
40.Mukesh N, Ipseeta M, Nag TC, Shreesh
KO, Rajan M, Santosh K, Dharamvir SA.
Car d io pr ot ect ive response to chronic
administration of vitamin E in isoproterenol
induced myocardial necrosis: hemodynamic,
biochemical and ultrastructural studies. Ind J
Clin Biochem 2007;22:22-8.
41.Senthil Kumar H, Anandan R, Santhosh
Kumar M. Cardioprotective effect of Picorrhiza kurrooa against isoproterenol induced
myocardial stress in rats. Fitotherapia 2001;
72:402.
42.Gokkusu C, Mostafazadeh T. Changes of
oxidative stress in various tissues by long
term administration of vitamin E in hypercholesterolemic rats. Clin Chim Acta 2003;
328:155-61.
43.Paritha IA, Devi CS. Effect of α-tocopherol
on isoproterenol induced changesin lipid and
lipoprotein profile in rats. Ind J Pharmacol
1997;29:399-404.
44.Bansal AK, Bansal M, Soni G, Bhatnagar
D. Protective role of Vitamin E pretreatment on N-nitrosodiethylamine induced
oxidative stress in rat liver. Chemico Biological Interactions 2005;156:101-11.
45.Milionis HJ, Daskalopoulou SS, Elisaf M,

Mikhailidis DP. The predictive value of lipid
markers in vascular disease. Curr Pharmac
Design 2005;11:2209-24.
46.Mediene-Benchekor, Brousseau T, Richard
F, Benhamamouch S, Amouyel P. Blood
lipid concentrations and risk of myocardial
infarction. The Lancet 2001;358:1064-5.
47.Antitumour principles from Nigella sativa
seeds. Cancer Lett 1992;63:41-6.

**************************

International Journal of Pharmacology and Clinical Sciences June 2012 Vol.1 Issue 2

45-53

53

