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Effect of aqueous extract from ·Nigella sativa L. on guinea pig isolated heart 
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A potent inhibitory' effect of aqueous extract from N. sativa on calcium channel of guinea pig heart was found 
comparable and even greater than that of diltazem. The results may also indicate an opening effect for the plant on ' 
potassium channel of isolated heart. 
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Nigella sativa L. (Ranunculaceae) is a grassy plant 
with greenish-blue flowers and small black seeds, 
which grows in temperate and cold climate areas. The 
seeds of N. sativa contain thymoquinone, 
monotropens such as p-cymene and a-pinene' , 
nigellidine2

, nigellimine3 and a saponin4. 
Several therapeutic effects including those on 

digestive disorders, gynaecology, and anti-asthma and 
dyspnea have been described for the seeds of N. 
sativa in ancient Iranian medical books5. N. sativa has 
long been known for its medical use as an 
antispasmodic5

, especially against gastrointestinal 
disorders or respiratory ailments, in many countries. 

There is evidence of relaxant effects of volatile oil 
from this plant on different smooth muscles including 
rabbit aorta6

, rabbit jejunum?, and isolated tracheal 
muscles of guinea pigs8

. Mahfous and El-Dakhakhny9 

reported that the volatile oil from N. sativa protected 
guinea pigs against histamine-induced bronchospasm, 
but it did not affect histamine H, receptors in isolated 
tissue. However, in an in vivo study, increasing 
respiratory rate and intra tracheal pressure of guinea 
pigs due to iv administration of volatile oil from N. 
sativa has been demonstrated lO

• Boskabady et al. have 
shown, a relaxant effect on guinea pig tracheal 
chains " , the anticholinergic and histamine H, receptor 
blocking effects Or! isolated guinea pig tracheal 
chains '2, and an inhibitory effect on calcium channels 
of guinea pig tracheal chains'3. 

In the present study, the inhibitory effect of 
aqueous extract from N. sativa on isolated guinea pig 
hearts has been examined. 
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Materials and Methods 
Plant and extracts-No sativa was collected from 

Torbat Heydarieh (northeast Iran) during the spring of 
2002, and dried at room temperature in absence of 
sunlight. Botanists in the herbarium of Ferdowsi 
University of Mashhad identified the plant; and the 
specimen number of the plant is 293-0303-1. The 
aqueous extract was prepared as follows: chopped, 
dried plant (50 g) was extracted with 300 ml-distilled 
water by suxhelat apparatus. The solvent of the 
extract was then removed under reduced pressure and 
distilled water was added so that the plant ingredient 
concentration in the final extracts was IOg/1 00 ml. 

Preparation of the isolated hearts-Dunkin Hartley 
guinea pigs of either sex, weighing 400-500 g, were 
provided by Razi Institute, Mashhad, Iran. Guinea 
pigs were killed by a blow on the neck; the hearts 
were rapidly isolated and washed in ice-cold saline. 
The coronary circulation was perfused through aorta 
on a modified Langendorff apparatus at a constant 
perfusion pressure of 70 mm Hg'4. The hearts were 
perfused with K-H buffer solution (37°C, pH 7.4, 
saturated with 95 % O2 and 5 % CO2) . The K-H 
buffer solution contained the following (in mmo\/\): 
NaCl118, NaHC03 25, KCI4.7, KH2P04 1.2, MgS04 
1.2, CaCh 2.5, and glucose 11 equilibrated with 95% 
O2 + 5% CO2 at 37°C. All the hearts were first 
perfused with K-H solution for 20-30 min for 
stabilization in the Langendorff apparatus and then 
the effects of extracts from N. sativa and diItiazem 
were studied. 

Protocol of experiments-The effects of four 
different concentrations of aqueous extract from N. 
sativa (0.5, 1, 2 and 5 mg % from the extract) and 
diItiazem (0.1, 1, 10 and 100 ~M) on heart rate and 
heart contractility compared to baseline values were 
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examined. For studying the influences of different 
concentrations of each solution, each concentration of 
the solutions was given as one-minute intracoronary 
infusion and the heart rate and contractility were 
recorded in the last 30 sec. During the experiments 
each heart served as its own control before injection 
of each solution. In absence of pharmacological 
intervention, both, heart rate and contractility were 
reproducible l5

. The effects of different solutions were 
tested with two different experimental designs as 
follows: 

1. Perfused heart with ordinary Krebs solution (group 
1 experiments, n=8). 

2. Perfused heart with calcium free Krebs solution 
(group 2 experiments, n=7). 

The effects of the extract and diltiazem in two 
groups of experiments were examined in two different 
series of animal hearts. The effects of aqueous extract 
and diltiazem in each heart were performed randomly 
with a 30 min resting period of the heart between 
examining the effect of each two solution while the 
heart was perfused with ordinary Krebs. In all 
experiments, the heart rate (RR) and contractility 
were recorded on a kymograph (ET8 G-Boulitt, Paris) 
and were measured after fixation. The local Animal 
Research Committee of Mashhad University of 
Medical Sciences approved the experimental 
procedures used in the present study. 

Statistical analysis-The data of the heart rate and 
contractility were expressed as mean±SE. The data of 
heart rate and contractility obtained in presence of 
different concentrations of extract, diltiazem, and 
baseline were compared using ANOV A test in each 

group. The effect of each concentration of aqueous 
extract and diltiazem between two groups was 
compared using unpaired t test. The effect of aqueous 
extract and diltiazem were related to the 
concentrations of the solutions using least square 
regression. Significance was accepted at P<0.05 . 

Results 
Effecte of aqueous extract on heart rate- In group 

1 experiments last three concentration of diltiazem (1, 
10 and 100 ~ and aqueous extract (1, 2 and 5 
mg%) significantly reduced heart rate of guinea pigs 
compared to baseline values (Table 1). In group 2 
experiments, higher concentration of diltiazem (100 
JlM) and three higher concentrations (1, 2 and 5 mg%) 
of the aqueous extract significantly reduced heart rate 
of guinea pigs compared to baseline values (Table 1). 

Effect of aqueous extract on heart contractilitr-In 
group 1 experiments, 10 and 100 ~ concentrations 
of diltiazem, 1, 2 and 5 mg % concentrations of 
aqueous extract significantly reduced heart 
contractility of guinea pigs compared to baseline 
values (Table 2). In group 2 experiments 100 !lM 
concentration of diltiazem, and 3 higher 
concentrations (l, 2 and 5 mg %) of aqueous extract 
significantly reduced heart contractility of guinea pigs 
compared to baseline values (Table 2). 

Differences between the effect of diltiazem and 
aqueous extract-In group 1, the effect of higher 
concentration (5 mg%) of aqueous extract on both 
heart rate and contractility was significantly higher 
than diltiazem (Fig. 1 a and c). 

In group 2, the effects of two higher concentrations 
(2 and 5 mg%) of aqueous extract on heart rate and 
heart contractility were significantly greater than that 
of diltiazem (Fig. 1 b and d). 

Table 1- Effect of four different concentrations of aqueous extract from N. sativa and diltiazem on heart rate (beats/min) 
of isolated guinea pig' s hearts 

[Values are mean ±SE] 

Experimental design Groupl P Group 2 P P 
(n=8) (vs B) (n=7) (vs B) (vs G.I) 

Baseline 269.75±12.36 158.66±i .96 <0.001 
Diltiazem 0.1 239.00±15.18 NS 152.66±9.65 NS <0.001 
(lAM) 1.0 196.00±12.28 </).01 149.33±11.01 NS NS 

10 140.75±12.47 <0.00 1 128.66±1O.04 NS NS 
100 70.75±4.58 <0.001 1 16.66±9.54 <0.05 NS 

Baseline 272.64±11.80 164.52±8.84 <0.001 
Aqueous 0.5 228.75±15.28 NS 147.66±9.33 NS <0.001 
extract 1.0 183.75±15.46 <0.05 123.66±11.l6 <0.05 <0.01 
(mg %) 2.0 106.00±16.96 <0.01 81.33±19.56 <0.01 NS 

5.0 32.00±7.26 <0.001 39.33±13.29 <0.001 NS 

Group I: experiments on isolated guinea pig heart in presence of ordinary Krebs solution. Group 2: experiments on isolated guinea pig 
heart in presence of calcium free Krebs solution. St. Dif: Statistical difference, NS: non significant difference, B: baseline, D: diltiazem. 
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Table 2-The effect of four different concentrations of aqueous extract from N. sativa and diltiazem on contractility of 
isolated of guinea pig' s hearts in two groups of experiments 

Experimental design 

Baseline 

DiItiazem 
(J.lM) 

Baseline 
Aqueous 
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For abbreviations see Table I. 
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Fig. l-Concentration response curves of aqueous extract from N. sativa, and diltiazem, on heart rate (beats/min) and contractility (g) of 
isolated guinea pigs in group I (in presence of ordinary Krebs solution, n=S). (a and c) and group 2 experiments (i n the presence of 
calcium free Krebs solution. n=7), (b and d). Tested concentration for extract were 0.5,1,2 and 5mg% and for diltiazem 0.1. 1. 10 and 
lOOJ.lM. Statistical differences between the effect of extract with that of diltiazem; NS: non-significant difference. 
p values; *<0.05, **<0.01, ***<0.001. 

Differences ill the effects of extract between two 
groups of experiments-The baseline heart rate prior 
to addition of diltiazem and aqueous extract in group 
2 were significantly lower than those of group 1 
(P<O.OOI forall cases, Table 1). In addition the heart 
rate obtained in presence of only first concentration of 
diltiazem (0.1 1lM), and two lower concentrations of 

aqueous extract (0.5 and 1 mg%) were significantly 
lower than those of group 1 (Table 1). Baseline heart 
contractility obtained prior to addition of diltiazem 
and aqueous extract in group 2 were also significantly 
lower than those of group 1 (Table 2). The heart 
contractility in presence of two lower concentrations 
of diltiazem (0.1 and 1.0 ~M) and aqueous extract (0.5 
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and 1.0 mg%) in group 2 were also significantly 
lower than those of group 1 (Table 2). 

Relationship between concentration and the effect 
of aqueous extract and diltiazem-There was 
significant negative correlation between both heart 
rate and heart contractility with different 
concentrations of diltiazem and aqueous extract 
(Table 3). 

Discussion 
The results of the present study showed a 

concentration dependent decrease in both heart rate 
and heart contractility due to aqueous extract from N. 
sativa in presence of ordinary Krebs solution (group 1 
experiments). The effect of aqueous extract was very 
similar to that of diltiazem. 

In group 1, three higher concentrations of diltiazem 
(1.0, 1O.and 100 JlM) and aqueous extract (1, 2 and 5 
mg%) of N. sativa significantly reduced heart rate. In 
this group, three higher concentrations of aqueous 
extract (1. 2 and 5 mg%) and two higher 
concentrations of diltiazem 10 and 100 JlM) 
significantly inhibited the heart contractility. The 
results of group 1 indicated a potent and concentration 
dependent inhibitory effect of aqueous extract from N. 
sativa on heart rate and contractility. The effect of 
aqueous extract on heart rate and contractility were 
very similar to those of diltiazem. These similarities 
may suggest an inhibitory effect of the extract from N. 
sativa on calcium channels of isolated heart. 

To explore the effect of extracts of this plant on 
calcium channels more precisely, their effects on 
heart rate and contractility of isolated heart were re
examined in presence of calcium free Krebs solution 
in group 2 experiments. In this group, three higher 
concentrations of aqueous extract (1, 2 and 5 mg%) 
reduced heart rate and contractility. The effects of 
aqueous extract on heart contractility were similar to 
those on heart rate in group 1, but highest 
concentration of diltiazem (100 JlM) also significantly 
inhibited the heart contractility. 

Table 3-Correlation between the effects of aqueous extract from 
N. sativa on heart rate and contractility of isolated guinea pig 
heart with concentrations in two groups of experiments 

Experimental Agueous extract Diltiazem 
groups r P value r P value 
Group I HR -0.845 <0.001 - 0.713 <0.001 

Cont - 0.466 <0.001 - 0.356 <0.001 

Group 2 HR - 0.743 <0.001 - 0.263 <0.01 
Cont - 0.542 <0.001 - 0.342 E<O.OOI 

The effect of highest concentration of aqueous 
extract (5 mg%) in group! reduced both heart rate and 
contractility to the same level as those of group 2 

. indicating complete inhibition of calcium channel. 

These findings indicated that aqueous extract of N. 
sativa almost completely inhibited calcium channels 
of isolated guinea pig heart. The significant negati ve 
correlation between concentrations of different 
solutions and their effect on heart rate and heart 
contractility strongly supported concentration 
dependent effects of aqueous extract and diltiazem. 

There are three groups of calcium channel blocker 
drugs including: (i) dihidropyridins such as nifidipine 
and nicardipine which act mainly on smooth muscle 
(ii) fenylalkylarnins such as verapamil which mainly 
act on heart muscle, and. (iii) benzodiazepines such as 
diltiazem that act on smooth muscle16

• The results of 
the present study may indicate that effect of aqueous 
extract from N. sativa is more similar to the 
fenylalkylarnin group. In fact. the result of the present 
study concerning depressant effect of diltiazem on 
heart rate is supported by study of Gerhard et at. 17 

The diltiazem concentration used on the present study 
was also very similar to those of above study l7. 

However, the minute conce~trations of aqueous 
extract from N. sativa caused similar effect to the 
concentration of diltiazem used in the present study. 
These findings may indicate that the aqueous extract 
of N. sativa has a very potent inhibitory effect on 
calcium channels and/or opening effect on potassium 
channels of guinea pig isolated heart. 

Comparison of the effect of aqueous extract and 
diltiazem also showed that the effect of aqueous 
extract on both heart rate and contractility of group 1 
were very similar to those of diltiazem. These 
findings suggest that aqueous extract inhibited 
calcium channels of isolated heart in a very similar 
manner to diltiazem. The slopes of concentration 
response curves in presence of extract were similar to 
those obtained in the presence of diltiazem for both 
heart rate anJ contractility in group 1. In group 2, the 
effect of aqueous extract on heart rate was similar but 
higher than that of diltiazem. However, the effect of 
highest concentration of aqueous extract on 
contractility in group 2 was higher than that of 
diltiazem. The slopes of concentration response 
curves in presence of extract were different from 
those obtained in presence of diltiazem for both heart 
rate and contractility. The greater effect of aqueous 
extract from N. sativa on heart rate in group 2 and 
differences in the slope of concentration response 
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curves between extract and diltiazem may indicate an 
additional effect for aqueous extracts other than 
calcium channel inhibitory effect. This additional 
effect could be a potassium channel opening effect for 
extract, because positive inotropic effect of potassium 
channel blocker has been demonstrated l8

. In fact, in 
an earlier study a potassium channel opening effect 
for extract of N. sativa has been suggestedl9

. 

The other mechanisms such as cholinergic 
stimulatory and/or adrenergic inhibitory effects of the 
plant could be responsible for the observed effect of 
aqueous extract on isolated heart. However, 
Boskabady et at. showed anticholinergic I I and ~
adrenergic stimulatory20 effects for the plant. The 
concentration of calcium, potassium and sodium in 
extract also may account for its heart effects. 
Therefore, the concentrations of these ions in the 
extract were examined. The concentration of calcium 
in extract was in normal range (11 mg %) but 
potassium concentration of the extract was high (18.8 
mmol/l) and that of sodium was low (29.6 mmolll) in 
extract with 109/1 00 ml. The high concentration of 
potassium could account for reduction in contractility 
and low concentration of sodium could be responsible 
for both reduction in contractility and heart rate. 
However, the extract was diluted 2000 times in 
highest experimental concentration (5 mg%). 
Therefore, the concentration of calcium, potassium 
and sodium would not affect heart rate and 
contractility in extract concentrations used in the 
present study. However, the exact mechanism of this 
plant on heart rate and contractility should be clarified 
in further studies. 

In conclusion, the results of the present study 
suggest a possible potent inhibitory effect of aqueous 
extract from N. sativa on calcium channels of isolated 
guinea pig heart. However, the action of aqueous 
extract on potassium channel may differ partially 
from that of diltiazem. 
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