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The aim of this work is to study the effect of aqueous extract of whole plant of Crataegus aronia on the 
force of contraction and heart rate of isolated rabbit’s heart. Six Isolated rabbit’s hearts were perfused 
through aorta in a Langendorff mode. Heart rate and contractility were determined for 5 min in the 
presence of 8 concentrations of C. aronia aqueous extract (1, 2, 5, 10, 20, 40, 100 and 200 mg/ml) or 
adrenaline (0.05 mM) as control drug. The changes after each treatment were compared with their 
baseline values. Data were collected with the help of PowerLab data acquisition and analyzed by 
Labchart Pro 7 software. At all time intervals recorded, there were no significant changes in the force of 
contraction nor the heart rate (HR) after infusion of low concentrations of the extract (1, 2, 5 and 10 
mg/ml). The maximum increase in force of contraction occurred at a dose of 40 mg/ml, while the 
maximum decrease in HR occurred at a dose of 20 mg/ml (P< 0.01). The highest doses of the extract 
(100 and 200 mg/ml) caused hardening of the heart, stopping of the perfusion fluid from entering and 
stopped the beating of the heart. Therefore, the aqueous extract of whole plant of C. aronia syn: 
azarolus (L) showed a positive inotropic and negative chronotropic effects on isolated rabbit’s heart. 
 
Key words: Crataegus aronia, cardiovascular, rabbits. 

 
 
INTRODUCTION 
 
Cardiac disorders are of serious medical concern, and 
are increasing throughout the world (Brauwald et al., 
2001). Several drugs with therapeutic value in congestive 
heart failure and those with positive inotropic effect such 
as cardiac glycosides and phosphodiesterase inhibitors 
(PDI), have several side effects that limit their use 
(Packer et al., 1991; Uretsky et al., 1990). Medicinal 
plants have over the years constituted indispensable 
tools for research and development of new drugs (Bonati, 
1980). Coupled with the fact that there are still many 
plants whose medicinal values have not been exploited, it 
is reasonable to describe the plant kingdom as a sleeping 
giant for potential drug development (Harvey, 2000).  

Hawthorn (Crataegus) is a plant native to 
Mediterranean region, North Africa, Europe and Central 
Asia. The medicinal use of its extracts date back to 
ancient times and now listed officially as herbal drugs in 
pharmacopoeias of countries, such as Germany, France, 

China and England (Chang et al., 2002b). There are 
more than 200 species of hawthorn worldwide, but only 
very few were tested and used medicinally to treat 
cardiovascular diseases, such as C. oxycantha, C. 
laevigata, C. monogyna, C. orientalis and C. pinnatifida 
(Bahorun et al., 2003). These studies showed that some 
of these species increase contraction of the heart, dilates 
coronary and peripheral blood vessels, and improves 
blood supply to the heart, thereby help in treating heart 
disease and mitigating symptoms in early stage of heart 
failure (Rewerski, 1967; Petkov et al., 1981; Wagner and 
Grevel, 1982; Leuchtgens, 1993; Reutxer, 1994; Rigelsky 
and Sweet, 2002). Crataegus aronia syn: azarolus (L), 
the predominant species which populates the mountains 
of the Mediterranean basin, has not been subjected to 
adequate scientific research. Several ethnobotanical and 
ethnopharmacological surveys on the therapeutic use of 
indigenous  plants  in  Jordan  and  the  Palestinian   area  
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revealed the use of C. aronia in the Arab traditional 
medicine to treat cardiovascular diseases, as well as 
cancer, diabetes and sexual weakness (Ali-Shtayeh et 
al., 2000; Said et al., 2002). 

Despite the extensive researches of the different 
species of hawthorns on cardiovascular system, most of 
these studies were carried out in vivo. At a practical level, 
the isolated heart, especially from small mammals, 
provides a highly reproducible preparation which can be 
studied quickly and in large numbers at relatively low cost 
(Hearse and Sutherland, 2000). It allows broad spectrum 
of biochemical, physiological, morphological and 
pharmacological indices to be measured. These 
measurements can be made in the absence of the 
confounding effects of other organs, such as systemic 
circulation and circulating neuro-hormonal factors. Thus, 
it reflects the intrinsic responsiveness of the heart 
independent of the systemic hemodynamic and neuro-
hormonal alterations. In addition, there is a deficient 
supporting evidences from previous researches on the 
effect of hawthorn on isolated heart, which is consider a 
limitation for previous researches. Only very few studies 
using the most popular hawthorn species (C. oxycantha) 
or standardized commercial extracts, were studies on 
isolated heart (Popping et al., 1995; Almak et al., 2009).  

To the best of our knowledge, no single evaluation 
study of C. aronia on cardiovascular system has been 
reported prior to this report either in an in vivo or in vitro 
study. Therefore, the aim of our current study is to 
examine the effect of C. aronia aqueous extract on 
isolated rabbit‟s heart by investigating its effect on the 
force of contraction (FC) and heart rate (HR).  

 
 
MATERIALS AND METHODS 

 
Preparation of the extract 

 
This study was performed during the month of August 2011, in the 
Research laboratory of Physiology Department at the Medical 
School of King Khalid University. Fresh C. aronia syn: azarolus (L) 
whole plant (stems, leaves and flowers) was purchased from a local 
market in Jordan (Middle-east). The plant was identified, dried and 
extracted in the Department of Pharmacognosy at the College of 
Pharmacy of King Khalid University, Abha, Saudi Arabia. The dried 
plant material was ground to a powder and extracted by maceration 
using distilled water (1 kg/1 L, w/v) for 3 days at 37°C (Abdul et al., 
2009). The extract was filtered and evaporated under reduced 
pressure in a rotary evaporator. The resulting residue (28 g; the 
aqueous extract) was stored at 4°C. The residue was re-constituted 
in Ringer-Locke solution to obtain the various concentrations (1, 2, 
5, 10, 20, 40, 100 and 200 mg/ml) used in this study. 

 
 
Experimental animals 
 
Six adult white albino male rabbits weighing between 2 and 3 kg 
were used for the experiments, with the approval of Ethical 
Committee (REC-2011-05-01) of the medical School, King Khalid 
University, Abha, Saudi Arabia. The animals were obtained from 
the   animal   house   of   the  College  of  Medicine  of  King  Khalid  

 
 
 
 
University where they were fed with standard rabbit pellets and 
allowed free access to water. They were housed at a controlled 
ambient temperature of 25 ± 2°C and 50 ± 10% relative humidity, 
with 12-h light/12-h dark cycles. All studies were conducted in 
accordance with the National Institute of Health's Guide for the 
Care and Use of Laboratory Animals (National Institute of Health, 
1996). 
 
 
Experimental procedure 
 
This experiment was carried out in accordance with the Langendorff 
(1985) procedure. Each rabbit was injected with 1000 IU of heparin 
intravenously through the marginal ear vein. Five minutes later, a 
blow on the neck of the rabbit made them unconscious. The chest 
was opened and the heart was dissected out with about 1 cm of 
aorta attached, and washed quickly as possible with oxygenated 
Ringer-Locke solution (NaCl; 45.0 g, NaHCO3; 1.0 g, D-glucose; 5.0 
g, KCl; 2.1 g, CaCl2.2H2O; 1.6 g, in 5 L of distilled water). The 
isolated heart was gently squeezed several times to remove as 
much residual blood as possible. The heart was then transferred to 
the perfusion apparatus (Radnoti isolated heart system, AD 
Instruments, Australia) and tied to a stainless steel cannula through 
the aorta. The perfusion fluid was Ringer-Locke solution, which was 
continuously bubbled with a mixture of 95% oxygen and 5% carbon 
dioxide and was applied at a constant perfusion pressure of 70 mm 
Hg (Chlopicki et al., 2003). Temperature was continuously 
monitored by a thermo-probe inserted into the perfusion fluid tank 
and maintained between 36.5 and 37.5°C. The hearts were allowed 
to stabilize for 30 min before any drug interventions. Briefly, 1 ml of 
adrenaline (0.05 mM) was given before the beginning of the 
experiment procedure to record the sensitivity of the heart. Then, 1 
ml of Ringer-Locke solution containing different concentrations of 
the extract (1, 2, 5, 10, 20, 40, 100 and 200 mg/ml) was injected 
over 30 s with the aid of 1 ml syringe through the perfusion line 
above the aortic line, and the changes in the cardiac parameters 
were recorded (Figures 1 and 2). After each treatment, the hearts 
were washed by the perfusion fluid for 10 min until the baseline 
recording is achieved and the second dose was then given. The 
recording before the direct perfusion of adrenaline or each extract 
dose was considered as baseline reading for each dose. 
Parameters measured were: 1) mean force of contractions (mean 
cycle height in g); 2) heart rate (beats/min) and 3) an 
electrocardiogram (ECG) for rhythm monitoring. 

The mechanical responses of spontaneously contracting, isolated 
hearts were recorded by attaching one end of a thread to the apex 
of the heart using a Palmer clip and the other end of the thread to a 
force transducer ((MLT 844; AD Instruments, Australia). ECG and 
HR were recorded by attaching three spring clip electrodes directly 
to the heart surface (MLA1210, AD Instruments, Australia). The 
signal from the force transducer and the ECG electrodes were 
filtered and amplified and sent to an analog-to-digital converter 
(PowerLab data acquisition and analysis system: AD Instruments, 
Australia) attached to a computer. The signals recorded were saved 
for later analysis. FC, HR and ECG were recorded and analyzed 
with the help of Labchart Pro7 software (AD Instruments, Australia). 

 
 
Determination of dose response curve 

 
Dose response curve of the effect of C. aronia extract on force of 
contraction (g) was plotted by plotting the log of each dose against 
its resulted increase in the force of contraction (difference between 
the maximum increase in force of contraction after dose perfusion 
and its baseline force of contraction). EC50 which resulted in half 
maximum effect was calculated using dose response curve module 
installed in LabChartpro7 software (AD Instruments, Australia)The 
percent of change in  FC  or  HR  for  each  dose  from  its  baseline 



Shatoor          1903 
 
 
 

 
 

Figure 1. The effect of Crataegus aronia syn: azarolus (L) aqueous extract (20 mg/ml) on heart rate; ECG and force of 
contraction on rabbit‟s isolated heart. The signal from the force transducer and the ECG electrodes were filtered and amplified 
and sent to an analog-to-digital converter (PowerLab data acquisition and analysis system: AD Instruments, Australia). Data were 
collected and analyzed by Labchart Pro7 software (AD Instruments, Australia).  
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Figure 2. The effect of Crataegus aronia syn: azarolus (L) aqueous extract (40 mg/ml) on heart rate; ECG and force of 
contraction on rabbit‟s isolated heart. The signal from the force transducer and the ECG electrodes were filtered and 
amplified and sent to an analog-to-digital converter (PowerLab data acquisition and analysis system: AD Instruments, 
Australia). Data were collected and analyzed by Labchart Pro7 software (AD Instruments, Australia). 
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Figure 3. Effect of Crataegus aronia syn: azarolus (L) aqueous extract (1, 5, 10, 20 and 40 mg/ml) and adrenaline on the force of myocardial 
contraction of isolated rabbit's heart. Values are given as Mean ± SD for groups of 6 rabbit‟s hearts each. Analysis by one way ANOVA; *: 
significantly different from baseline at P< 0.05. #: significantly different when compared to 20 mg/ml reading at same time interval at P< 0.05. 
and : significantly different when compared to Adrenaline reading at same time interval at P< 0.05. 
 
 
 

reading at different time intervals (5 min. intervals) was calculated 
as follows: 
 

 

 
 
 
                          Mean FC (g) or HR (b/min.) at a given min - mean baseline FC or HR 
% of change =                                                                                                                      × 100  
                                                                  Mean baseline FC or HR 
 
 
 
 

 
 
 
Statistical analysis 

 
Results were expressed as the mean value ± SD. Statistical 
differences between groups were assessed using the SPSS 
software version 16 by One way ANOVA test. Values of P<0.05 
were considered significantly different (95% Confidence interval). 

 
 
RESULTS 
 
The recordings of FC, HR, and ECG after the 
administration of 20 and 40 mg/ml of the extract over 5 
min are shown in Figures 1 and 2, respectively. The 
extract produced a notable increase in force of 
contraction with an initial increase in heart rate at 1 min 
mainly with 20 mg/ml, followed by a parallel decrease in 
heart rate at concentrations of 20 and 40 mg/ml 
thereafter (Figures 3 and 4). The changes in the force of 

contraction and heart rate recorded at all time intervals 
after perfusion of C. aronia aqueous extract in 
concentrations of 1, 2, 5, 10 mg/ml were not significantly 
different from their baseline values. The highest doses of 
the extract (100 and 200 mg/ml) caused hardening of the 
heart, stopped the perfusion fluid from entering and 
stopped the contraction of the heart; therefore no data 
are shown at these concentrations. The analysis was 
done for the first 5 min after extract perfusion as our 
recording and data revealed the diminishing effects on 
both heart rate and force of contraction after these 
minutes. 

The perfusion of C. aronia at a concentration of 20 
mg/ml (Figure 3) significantly increased the force of 
contraction of the isolated rabbit‟s heart at 1

st
, 2

nd
 and 3

rd 

minutes only with percents of increases of 25, 45 and 
62%, respectively, when compared to the baseline (Table 
1). This dose did not cause any significant change in the 
force of contraction at the 4

th
 and 5

th
 minutes; rather, at 

these two time intervals, the positive inotropic effect of 
the extract started to return to its baseline value. The 
perfusion of C. aronia at the higher concentration (40 
mg/ml) produced the most profound positive inotropic 
effect at all minutes of the recording  (Figure 3).  Percents  
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Figure 4. Effect of Crataegus aronia syn: azarolus (L) aqueous extract (1, 5, 10, 20 and 40 mg/ml) and adrenaline on the heart 
rate of isolated rabbit's heart. Values are given as Mean ± SD for groups of 6 rabbit‟s hearts each. Analysis by one way ANOVA; *: 
significantly different from its baseline at P< 0.05. #: significantly different when compared to 40 mg/ml reading at same time 
interval at P< 0.05. &: Significantly different when compared to 20 and 40 mg/ml reading at same time interval P< 0.05. 

 
 
 

of increases in force of contraction due to C. aronia at 
this dose were 43.47, 91.3, 94.6, 145.5 and 47.8% at the 
1

st
, 2

nd
, 3

rd
, 4

th
 and 5

th 
minutes, respectively, when 

compared to baseline FC (Table 2). At the fifth minute of 
40 mg/ml extract dose perfusion, the FC started to 
declined to its baseline reading. The ANOVA test 
revealed that the maximum increase in FC at the dose of 
20 mg/ml occurred at the 3

rd 
minute (62%), while the 

maximum inotropic effect of the dose 40 mg/ml occurred 
at the 4

th
 minute (145%).  

Moreover, adrenaline produced a significant prolonged 
increase in force of contraction at all time intervals and 
produced 34.7, 69.5, 104.3, 139.3 and 140% increases in 
the force of contraction at 1

st
, 2

nd
, 3

rd
, 4

th
 and 5

th
 minute. 

Comparing the positive inotropic effect produced by 
adrenaline and the extract at the concentration of 40 
mg/ml, the ANOVA test revealed that: a) increases in FC 
at 1

st
, and 2

nd
 minutes were significantly higher after 

perfusion of extract; b) the effects produced by 
adrenaline and the extract at 3

rd 
and 4

th 
minutes were not 

significantly different; C) at the 5
th
 minute, the force of 

contraction was significantly higher after adrenalin 
perfusion. The dose response curve analysis of the effect 
of the extract on force of contraction showed that the 

concentration of the extract that produced 50% increase 
in FC (EC50) is 27.0 ± 1.23 mg/ml (Figure 5). 

There were no significant change in heart rate doses of 
extract at 1-10 mg/ml while, the perfusion of 20 mg/ml of 
C. aronia aqueous extract produced an initial significant 
increase in HR at 1min (percent of change +10.27%), 
followed by a progressive significant decrease (p < 
0.0001) at 2

nd
, 3

rd
, 4

th
 and 5

th
 minutes (Figure 4) with 

percents of inhibition of 38.76, 41.6, 43.87 and 47.37%, 
respectively (Table 2). On the other hand, the perfusion 
of C. aronia aqueous extract at a dose of 40 mg/ml 
produced a significant decrease (p < 0.0001) in heart rate 
after 3

rd
, 4

th 
and

 
5

th 
minutes, with the percents of inhibition 

of 11.0, 18.96 and 33.4%, respectively (Figure 4). The 
ANOVA test revealed that the negative chronotropic 
effect produced by the dose of concentration of 20 mg/ml 
on heart rate during the first 5 min intervals after extract 
perfusion was significantly higher than the effect 
produced by the dose of concentration of 40 mg/ml. 
Adrenaline produced a significant positive chronotropic 
effect with percents of increases of 17.0, 33.75, 42.0, 
64.0 52.3% at 1

st
, 2

nd
, 3

rd
,
 
4

th 
and

 
5

th
 minutes,

 
respectively 

(Table 2). No abnormal rhythm was recorded during the 
period of study.  
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Table 1. Percent of changes in force of contraction of isolated rabbit‟s heart 
during the first 5 min after perfusion of different Crataegus aronia syn: azarolus 
(L) aqueous extract doses and adrenaline.  
 

Dose (mg/ml) 
Percent of changes (%) 

1
st 

min 2
nd

 min 3
rd

 min 4
th

 min 5
th

 min 

1  -4.76 0.0 -4.76 -4.7 -2.72 

2  +4.2 0.0 0.0 0.0 +4.76 

5  0.0 +2.27 +1.36 +1.81 0.0 

10  +7.4 +8.26 +3.9 -4.3 0.0 

20  +25 +45 +62.5 -4.16 -4.16 

40  +43.47 +91.3 94.6 +143.5 +47.8 

Adrenaline (0.05 mM) +34.7 +69.5 +104.3 +139.3 +140 

 
 
 

 

 

Average EC 50 = 27.0 ± 1.23 mg/ml 

 
 
Figure 5. Dose response curve for the effect of Crataegus aronia syn: azarolus (L) aqueous extract on force of 
contraction of isolated rabbit‟s heart. EC50 was given as mean ± SD for group of 6 rabbit‟s hearts each. EC50= 

27.0 ± 1.23 mg/ml, Hill slop= 1.67. Dose response (g) for each dose was calculated as the average increase in 
force of contraction during the first 5 min of extract perfusion, Pre-dose baseline correction was applied during 
the calculation. Data were collected and analyzed by Labchart Pro7 software (Dose response module, AD 
Instruments, Australia).  

 
 
 
DISCUSSION 
 
In this study, higher extract concentrations (100 and 200 
mg/ml) caused ballooning of the heart, stopping of 
perfusion solution circulation and stopping of heart 
beating. One explanation for such effect at these high 
doses could be due to the high viscosity of the extracts, 
which caused a blockage in the small coronary vessels 
(capillaries) with subsequent prevention of the perfusion 
solution from circulating through its normal pathway in 
Langendorff preparation and instead flowing back 
through aortic valve into the left ventricle and thus 
resulting in ballooning of the left ventricle. Langendorff 
preparation involves the cannulation of the aorta which is 
then attached to a reservoir containing oxygenated 
perfusion fluid. This fluid is then delivered in a retrograde 

direction down the aorta either at a constant flow rate 
(delivered by an infusion or roller pump) or a constant 
hydrostatic pressure (usually in the range of 60 to 100 
mmHg). In both instances, the aortic valves are forced 
shut and the perfusion fluid is directed into the coronary 
ostia, thereby perfusing the entire ventricular mass and 
then drained into the right atrium via the coronary sinus 
(Langendorff, 1985). 

The positive effect of C. aronia aqueous extract on the 
force of contraction of isolated rabbit‟s heart reported in 
this study is in agreement to most previously published in 
vivo and in vitro studies that showed a similar effect of 
other extract prepared from other species of hawthorn 
(Reutxer, 1994; Popping et al., 1995). However, varying 
results have been observed regarding the effect of 
hawthorn and its  constituents  on  HR.  In  majority  of  in  
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Table 2. Percent of changes in heart rate of isolated rabbit‟s heart during the 
first 5 min after perfusion of different Crataegus aronia syn: azarolus (L) 
aqueous extract doses and adrenaline.  
 

Dose (mg/ml) 
Percent of changes (%) 

1
st 

min 2
nd

 min 3
rd

 min 4
th

 min 5
th

 min 

1  -0.8 -0.8 -2.58 -0.8 0.18 

2  -3.25 -3.39 -7.34 -5.07 -5.0 

5  +0.56 +3.04 +3.04 +0.56 +0.53 

10  -0.02 -2.68 -3.09 -4.07 -2.60 

20  +10.27 -38.76 -41.6 -43.87 -47.37 

40  +4.8 +0.56 -11.0 -18.96 -33.4 

Adrenaline (0.05 mM) +17.9 +33.75 +42.0 +64.2 +52.3 
 
 
 

vitro studies, an increase in HR has been observed, while 
most of the in vivo studies reported a decrease in HR 
which is similar to our finding (Ammon and Kaul, 1994). 
In fact, there was an increase in heart rate at 1 min with 
both doses of extract (20 and 40 mg/ml) but maximum 
seen with 20 mg/ml followed by quick fall at the 2

nd
 

minute, which then continued to fall slowly thereafter. 
This difference in response of HR could be due to the 
effect of extract on vagal tone with the in vivo studies and 
possibly the species difference used in our study, as no 
effect has been previously reported on C. aronia syn: 
azarolus (L) extract on isolated heart (Petkov et al., 
1981). However, we did not investigate the mechanism of 
action by which C. aronia aqueous extract exerts its 
positive inotropic and negative chronotropic effects. Other 
in vivo and in vitro studies are running now in our 
laboratory, aiming to demonstrate the mechanism of the 
inotropic effect of C. aronia extract. However, at this 
stage, we may postulate some of the possible 
mechanisms based on previously published works.  

The mechanism underlying the enhanced FC is an 
enhanced Ca

2+
 membrane influx (Chang et al., 2002a). In  

this study, the positive increase in FC after extract 
perfusion strongly suggests that the C. aronia syn: 
azarolus (L) could act on rabbit‟s heart by opening the 
membrane L-type Ca

2+
 channels. Inhibition of myocardial 

Na
+
/K

+
 ATPase, which is an integral membrane enzyme 

that maintains cardiac resting potential and inhibition of 
the enzyme phosphodiesterase (PDE) that ultimately 
results in an increase in intracellular cyclic nucleotides, 
have been reported to occur in different studies with 
different species of hawthorn (Holzl et al., 1988; Reutxer, 
1994; Popping et al., 1995). Both ways eventually 
enhance the opening of L-type Ca

2+
 with subsequent 

increase in FC.  
Flavonoids, tannins, saponins, terpenes and sterols are 

the main constituents of C. aronia syn: azarolus (L) 
aqueous extract (Shatoor, 2011). Most of the 
pharmacological actions of hawthorn are attributed to the 
flavonoids contents (Yao et al., 2008). The reported 
flavonoid contents of C. orientalis and C. oxycantha are: 
hyperoside, along with apigenin, apigenin 7-glucoside, 

ursolic acid, vitexin and vitexin 4′-rhamnoside (Melikoglu 
et al., 1999). Ursolic acid interacts with the digitaloid 
binding site for Na

+
/K

+
 ATPase, while catechin, the 

flavonoid vitexin and flavonol kaempferol were found to 
be structurally similar to papaverine and theophylline, the 
two chemical agents known to inhibit PDE. On the other 
hand, saponins are mainly plant-derived glycosides, 
occurring as triterpenoid or steroid saponins. Steroid 
saponins have been found to have multiple interesting 
biological and pharmacologic effects including negative 
chronotropic, positive inotropic, diuretic, antibacterial, 
anti-inflammatory, hypocholesteremic (Francis et al., 
2002; Lacaille-Dubois and Wagner, 1996). Furthermore, 
administration of oral standardized C. oxycantha extract 
to an ischemic/reperfusion rat model effectively protected 
animals from reperfusion induced arrhythmias and 
hypotensive crisis (Krzeminski and Chatterjee, 1993).  

The mechanisms which may account for the slow 
diastolic depolarization, seen between two successive 
action potentials of myocardial pacemaker cells, may 
include one of the following: 1) a slow inward Na

+
 current, 

If, the so-called „funny current‟ that is induced by cell 
hyperpolarization; 2) a temporal decrease of the outward 
K

+
 current due to a time-dependent decay of the 

membrane K
+
 conductance; 3) a low background K

+
 

outward current; 4) an inward Na
+
/Ca

++
 exchange current, 

and 5) an inward T-type and L-type Ca
2+

 current (Lipsius 
et al., 1996). The individual contributions of these 
currents to pacemaker function are controversial. To 
decrease the HR, one or more of the aforementioned 
mechanisms, could be altered. HR is tightly coupled to 
myocardial oxygen consumption (Laurent et al., 1956; 
Braunwald, 1971). Hence, myocardial oxygen demand is 
reduced through bradycardia in patients with severe heart 
failure (HF) treated with digitalis (Erdmann, 1998). 
Furthermore, slowing of HR, prolong diastolic period and 
improve diastolic flow through coronary arteries.  

Therefore, HR reduction became well established 
strategy for the treatment of various ischemic heart 
diseases (IHD), and HF since the introduction of β-
adrenoceptor blockers (Gillam, 1965; Goethals et al., 
1993;  Lechat,  1998).  β-Adrenoceptor  blockers  have  in 
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common, a negative inotropic effect which may worsen 
HF symptoms and have to be used carefully in patients 
with impaired left ventricular function. Therefore, the 
newer agents like Ivabradine, and Zatebradine which 
specifically inhibit sinus node pacemaker current without 
direct effect on contraction is gaining more attraction for 
treating patients with IHD and/or HF (Gillam, 1965; 
Goethals et al., 1993; Lechat, 1998; Borer et al., 2003).  

The currently available inotropic agents such as 
Dobutamine, milrinone, enoximone and Vesnarinone are 
limited by the proarrhythmic effects, increased mortality 
and are not recommended for routine use in patients with 
HF and/or IHD (Focaccio et al., 1996; Cuffe et al., 2002; 
Abraham et al., 2005; Dec, 2005). Almost all inotropic 
agents exhibit their positive inotropic effects by increasing 
the influx of calcium into the cytosol (Lorell et al., 1988). 
This process leads to intracellular calcium overload and 
may trigger serious arrhythmias, while slowing of HR 
prolongs the diastolic period and contribute to 
intracellular calcium release (Brutsaert et al., 1993; 
Martin et al., 2011). It is not yet known how hawthorn 
handles the intracellular calcium. However, combining 
inotropic agents such as enoximone which act through 
inhibition of PDE with β-adrenoceptor blockers improve 
survival in advanced cases with HF (Shakar et al., 1998). 
It seems that the presence of multiple active ingredients 
in the aqueous extract of the whole plant of C. aronia syn: 
azarolus (L) may exert the inotropic and chronotropic 
effects through a multiple mechanisms of action.  
 
 

Conclusion 
 
The results of this study showed that the aqueous extract 
of C. aronia syn: azarolus (L) produced a positive 
inotropic and negative chronotropic effects on isolated 
rabbit‟s heart. Further investigation is therefore needed to 
define the mechanism of action underlying the enhanced 
force of contraction and the negative chronotropic effects 
of the aqueous extract of C. aronia syn: azarolus (L).  
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