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INTRODUCTION 

Herbs have for long been used in the management of 

various diseases including high blood pressure 

(hypertension) in the various communities of the world, 

which is among the major cause of death and disability.
1-7

 

In Uganda, hypertension is a serious public health 

problem with regional variation.
4,8

 In the local 

communities and among traditional herbalist, various 

medicinal plants are utilized in management of 

hypertension.
2,9-12

 These plants contain a number 

secondary metabolites including sulforaphane, 

tocotrienols, resveratrol, dios-genin, isoflavones, 

carotenoids, flavonoids like quercetin and catechin with 

protective effects on heart.
13-15

 Vernonia amygdalina 

medicinal plant is a common herb in Uganda and used as 

food and as a medicine.
10,16,17

 It is used in management of 

hypertension, fever, malaria, diarrhea and many others.
2,9-

12,17
 The plant contains a number of phytochemical 

compounds including alkaloids, phenolic acids, 

flavonoids, carotenoids, steroids and terpenoids, 

anthraquinones, saponins, coumarins, xanthones, lignans, 

edotides and sesquiterpene lactones.
10,13,14,16,18-20

 In 

addition, the plant is also rich in various nutrients and 

minerals including calcium (Ca), magnesium (Mg), 

potassium (K), sodium (Na), manganese (Mn), iron (Fe), 

zinc (Zn), selenium (Se) and copper (Cu); vitamins B1, 

B2, B6, niacin, C, E and folic acid with different 
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nutritional and medicinal properties.
18,20,21

 However, 

previous studies show that the plant has a very high K
+
 

concentrations compared to other minerals and K
+
 ion 

causes hyperpolarization of the myocardial cells hence 

leading to reduced force and rate of heart 

contractility.
18,21-23

 However, there is limited scientific 

information on its effects on reducing the rate and force 

of contraction on the heart and hence its utilization by 

local communities and traditional herbalist in 

management sustained high blood pressure 

(hypertension). The study investigated the effects of 

methanol, aqueous, ether and total crude leaf extracts of 

V. amygdalina on the rate and force of contraction of the 

isolated perfused rabbit heart. 

METHODS 

Study design  

Experimental laboratory based study was conducted to 

determine the effect of leaf extract of V. amygdalina on 

the rate and force of contractility of an isolated rabbit 

heart using the Langendorff’s heart perfusion methods of 

experiment during the period of March to May 2005 at 

Pharmacology laboratory in the department of 

Pharmacology and Therapeutics, Makerere University 

College of Health Sciences.
24-26

 

Medicinal plant selection 

The V. amygdalina was selected basing on ethno-

botanical surveys and local indigenous knowledge on its 

use in management of sustained high blood pressure 

(hypertension).
2,11,12

 

Medicinal plant collection, identification and processing 

The plant leaves were collected from Kawempe division 

in Kampala district in central Uganda using standard 

methods and was authenticated at the Makerere 

University Herbarium by a taxonomist with a voucher 

number of 001 which was deposited at the herbarium for 

future references. The leaves were dried in a solar drier 

until a constant weight was attained and then were 

pounded into powder using mortar and pestle. 

Extraction process 

To about 500 g in a flat bottomed flask, 1500 ml of ether 

was added and left soaked for three days with daily 

agitation. It was then filtered into a clean flat bottomed 

flask using Whatman filter paper No.1 in a Buchner 

funnel. The filtrate was kept for solvent recovery. The 

residue was air-dried for 1 hour and the process was 

repeated using 1500 ml of 99.8% methanol solvent. The 

process was finally repeated using the distilled water to 

produce aqueous leaf extract but 100 ml of 70% ethanol 

was added to prevent fungal attack. The ether and 

methanol solvents were recovered using a rotary 

evaporator (Buchi, RotorVap R model R-205, BÜCHI 

Labortechnik AG Flawil, Switzerland) to produce semi-

solid ether and methanol extracts respectively. The dry 

aqueous extract was obtained by use of laboratory freeze 

dryer VaCo 5 (ZIRBUS technology GmbH, Bad Grund / 

Harz, Germany). An equal amount (0.5g) of the semi-

solid ether, methanol and aqueous extracts were 

uniformly mixed to produce the total crude leaf extract. 

These extracts were then put in small dark bottles and 

further air dried at room temperature to produce dry 

extracts that were used in the experimental study.  

Selection and treatment of experimental animals 

The animals selected was at least above 1.6 kg body 

weight and heart weight about 8-9 g as per the method 

guideline.
24

 Three normal, healthy, non-pregnant, non-

nursing mature (10 weeks) hybrid rabbits were purchased 

from local vendors but only one with viable heart was 

used. The animals were treated humanely according to 

international guidelines on laboratory animal use 

according to OECD (2001) test no 420.
27

 They were 

provided with food pellets from Engano Millers Limited 

(Nuvita), Kampala, Uganda and clean water adlib. They 

were allowed to acclimatize for a period of two weeks 

before the experiment commenced.
27,28

 

Preparation of stock solutions and different doses of the 

plant extract, adrenaline and acetylcholine solutions 

To 1 g of each of the ether, methanol, aqueous and total 

crude dry leaf extracts of V. amygdalina were dissolved 

in a few drops of dimethylsulfoxide (DMSO) and topped 

up with Locke’s solution to obtain a stoke solution of 

1000.0 mg/ml for each extract. Serial dilutions were then 

made using the same solution to obtain concentrations of 

0.5 mg/ml, 8.0 mg/ml, 62.0 mg/ml, and 250.0 mg/ml that 

were used in the experimental study. The epinephrine and 

acetylcholine were obtained from Sigma Deduich. Co., 

Desenhofen, Germany and these were used as negative 

and positive controls respectively. To 0.1g of 

acetylcholine, was added 10 ml of Locke’s solution to 

obtain a concentration of 10.0 mg/ml which was diluted 

to obtain concentrations of 1.0 mg/ml that was serially 

diluted to obtained concentrations of 0.03 mg/ml, 0.06 

mg/ml, 0.13 mg/ml, 0.25 mg/ml and 0.50 mg/ml that 

were used in the study. Similar serial dilutions of 

acetylcholine were applied to 1 ml of 1.0 mg/ml of 

epinephrine. The adrenaline and acetylcholine were used 

as positive and negative controls in the experimental 

study respectively. 

Harvesting of rabbit heart 

In this experiment, only one viable rabbit heart was used 

for all the test leaf extract doses, adrenaline and 

acetylcholine. The animal was put to sleep by injecting 

30.0 mg/kg bwt of sodium pentobarbitone to minimize 

pain and harm to the animal. The chest of the rabbit was 

opened immediately and the heart was dissected out with 

about 1 cm of the aorta attached. The heart was washed 
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as quickly as possible with warm oxygenated Locke 

solution. It was mounted on the Langendorff’s heart 

perfusion pressure chamber and transducer (Harvard 

apparatus, Saint Laurent, Quebec) in preparation for heart 

contractility study.
24-26

 

Experimental procedure for heart contractility (force 

and rate) activity study 

The study was performed according to the Langendorff”s 

heart perfusion methods.
24,25

 The heart was tied to a 

stainless steel cannula through the aorta. The Locke 

perfusion fluid (at temperature range of 36.5-37.5
o
C) was 

continuously bubbled with a mixture of 95% oxygen and 

5% carbon dioxide at a constant perfusion pressure of 70 

mmHg and at a temperature between 36.6
o
C and 37.5

o
C. 

The heart was allowed to stabilize for 5 minutes before 

addition of any drug and the extracts. Recording on the 

kymograph was done to obtain normal contractility of the 

heart which was considered as baseline for the different 

concentrations of the drugs and extracts. Adrenaline was 

used first in increasing concentrations and each 

concentration was added after return of contractility to 

baseline. Adrenaline was followed by the methanol, 

aqueous, ether and total crude leaf extracts of V. 

amygdalina and lastly with acetylcholine. About 0.2 ml 

of each drug concentration and the extracts were added 

using a 1 ml syringe through the perfusion line above the 

aortic vessel and the changes in the cardiac contraction 

were recorded using a kymograph and a tracing paper. 

Each experiment was run for three minutes with a contact 

time of 5 seconds. The baseline recording before 

perfusion of a particular drug was considered the baseline 

reading for each dose. The parameters measured were the 

heart rate and mean force of contractility of the heart. The 

different 5 peak heights of the heart contraction were 

measured as recorded on the kymograph. The peak was 

measured using a calibrated ruler in millimeters. The 

heart rate for each dose of the drug was measured by 

counting the number of heart beats in 15 seconds and the 

heart beats per minute were then calculated.
24,25,29

 

Data management and quality control 

The data for each of the experiment carried out on the 

heart muscle were recorded for each concentration of 

each drug and the extracts. The cyclic height was 

measured at five different points on the kymogram. The 

mean percentage change in height using the baseline was 

calculated for each dose used for the plant extract, 

acetylcholine and adrenaline and this measured the force 

of contraction of the heart. This was done using the 

following formula: 

Force of contraction = (experimental value - baseline 

value) ×100/baseline value 

The rate of the contraction of the heart (heart 

beats/minute) was recorded. For quality control all the 

equipment were calibrated to ensure they were efficient 

before use. The animals (s) that were used in the 

experiment were in their normal physiological state. The 

reagents used were of analytical grade. The perfusion 

fluid (Locke’s solution) was maintained at the 

appropriate temperature (36.5-37.5
o
C). Clean syringes 

were used to administer each drug and extracts. 

Data analysis 

Data was analyzed using SPSS version 20. The ANOVA 

test was used to compare the means within and between 

groups for the force and rate of contraction of heart for 

the test doses of each extract and controls and the p<0.05 

was considered statistically significant. 

Ethical consideration  

The permission was obtained from the College of 

Veterinary Medicine Animal Resource and Biosecurity 

(CoVAB), Makerere University to carry out the 

experiment and the animals were treated according to the 

International guidelines on the laboratory animal use and 

care protocols of OECD (2001).
27

 The animals were 

handled with utmost care before the experiment and at 

the time of the experiment.
27,28

  

RESULTS 

The findings show that there was a reduction trend in the 

mean percentage change of force of heart contractility 

(inotrophy) with increasing doses of the ether, methanol, 

aqueous and total crude leaf extracts from 0.5 mg/ml to 

250.0 mg/ml as compared to the baseline. The findings 

were similar to that of acetylcholine that was used as a 

negative control and opposite to that observed with 

adrenaline which was used as a positive control. 

However, the doses of pure drugs used in the experiments 

as controls were lower than those of the leaf extracts of V. 

amygdalina that were used in crude form (Table 1). 

 

Figure 1: Effects of the different extracts 

concentrations of V. amygdalina on the rate of 

contraction of the isolated rabbit heart. 
Key: Eth HR- ether extract heart rate, Meth HR- methanol 

extract heart rate, Aq HR- aqueous extract heart rate, Tot Crude 

HR- total crude extract heart rate, Adren HR- adrenaline heart 

rate, Ach HR- acetylcholine heart rate. 
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For the rate of heart contraction (beats/minute), the 

findings show a reduction trend with increasing doses of 

ether, methanol, aqueous and total crude leaf extracts of 

V. amygdalina from 0.5 mg/ml to 250.0 mg/ml. The 

findings were similar to that observed with acetylcholine 

and opposite to that of adrenaline. However, the inotropic 

and chronotropic effect of the leaf extracts of V. 

amygdalina were observed to be stronger for methanol 

and aqueous leaf extracts as compared to ether and total 

crude leaf extracts (Table 1 and Figure 1). 

Table 1: Effects of the different extracts concentrations of V. amygdalina on the force of contraction of the isolated 

rabbit heart. 

Dose 

(mg/ml) 

Mean percentage increment in the force of isolated mammalian heart contractility (±%) 

Adrenaline Ach 
Ether  

extract 

Methanol 

extract 

Aqueous 

extract 

Total crude 

extract 

Anova 

p value  

0.03 96.02±17.71 -10.1±-7.00 - - - - p<0.001 

0.06 167.3±35.00 -24.76±0.00 - - - - p<0.001 

0.13 206.9±0.00 -30.7±0.00 - - - - p<0.001 

0.25 236.6±7.00 -40.6±-71.42 - - - - p<0.001 

0.50 224.72±0.00 -58.42±-7.01 -36.64±-4.20 14.84±0.00 8.90±-0.64 -4.96±-7.00 p<0.001 

8.00 - - -38.62±-1.40 8.90±0.00 -4.78±0.00 -10.90±-14.01 p<0.001 

62.00 - - -40.54±-6.83 -10.90±0.00 -10.90±0.00 -20.80±0.00 p<0.001 

250.00 - - -74.26±-2.80 -100.00±-7.00 -100.00±0.00 -80.20±0.00 p<0.001 

Value shows a reduction in the force of contraction in relation to the baseline. 

 

 

Figure 2: Kymograms of adrenaline, acetylcholine and 

different doses of ether, methanol, aqueous and total 

crude extracts of V. amygdalina on contractility of the 

isolated rabbit heart. 
Key: Arrow represents the effect of the drug/extract observed 

after dosing the heart. 

The arrows on the kymogram (Figure 2) show the point of 

contact of drug with the heart muscle and the effect 

caused by the drug on the heart at that point. 

DISCUSSION 

The study investigated the effect of ether, methanol, 

aqueous and total crude extracts of V. amygdalina with 

adrenaline and acetylcholine as controls on the 

contractility of an isolated rabbit heart. The findings show 

that methanol, aqueous, ether and total crude leaf extracts 

of V. amygdalina, a plant commonly used for dietary and 

medicinal purposes caused an overall dose-dependent 

reduction in rate and force of contractility of an isolated 

rabbit heart similar to that observed with acetylcholine. 

The observed effect could be attributed to by the various 

phytochemical components including flavonoids, 

polyphenols like resveratrol, saponins, diosgenin, 

tocotrienols which is a vitamin E, isothiocyanates like 

sulforaphane and high K
+
 levels.  These compounds have 

been reported to have an effect on the heart and these 

could have caused the observed reduction in the force and 

rate of heart contractility by the different fractions of the 

extracts of V. amygdalina.
13-15,18-23

 The high concentration 

of potassium ions from the extracts, that is introduced in 

the heart increases the K
+
 ions outside the cell membrane 

of cardiac muscle which leads to hyperpolarization of the 

cells of the myocardium thus preventing depolarization of 

the cells.
23

 This reduces the electrical impulses generation 

and passage in the myocardium thus reducing the heart 

rate and contractility as observed in the experiment.
23

 The 

higher concentration of potassium ions (K
+
) in aqueous 

and methanol leaf extract of V. amygdalina could have 

contributed to the greater reduction in the heart rate and 

force of contractility as compared to ether and total crude 

leaf extracts and possibly to the observed cardiac arrest in 

the study.
15,18,19,21,22,26

 

The ether extract contains only a few phytochemicals in 

low quantities especially cardiac glycosides which could 

have minimal reducing effect on the heart hence the 

reduced observed heart rate and force of contraction.
14,29

 

Previous studies have reported that methanol extract 

contains various phytochemical compounds including 

saponins, tannins, flavonoids, glycosides, alkaloids, 

phenolics, reducing sugars, phytosteroids, terpenes, 

antharacenosides.
9,10,14,15,17-19

 Aqueous extract contains 

tannins, saponins, flavonoids, cardiac glycosides and 

alkaloids.
9,15,18,19,21,22

 Ether extract contains saponin, 

flavonoids, glycosides and alkaloids in low quantities. 

And these compounds have been reported to have an 

effect on the force and rate of heart contraction. The leaf 

extract of V. amygdalina has also been reported to contain 

other various minerals including calcium (Ca
2+

), 

potassium (K
+
), sodium (Na

+
), magnesium (Mg

2+
) and 
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iron (Fe3+) in varying quantities, with potassium and 

calcium ions being higher than sodium, iron and 

magnesium.
9,15,18,19,21,22

 Variation of these compounds in 

the methanol and aqueous leaf extracts of V. amygdalina 

caused a greater decrease in rate and force of contractility 

of the isolated rabbit heart almost leading to cardiac arrest 

at a dose of 250 mg/ml unlike the ether and total crude 

leaf extracts. The reason for the greater decrease in the 

rate and force of contractility of the isolated rabbit heart 

with both methanol and aqueous leaf extracts could be 

that methanol and aqueous extracts contain more 

phytochemical compounds which could have interacted to 

bring about the greater decrease in heart rate and force of 

contraction of the isolated rabbit heart.
9,15,18,19,21,22  

The observed overall decrease in the force and rate of 

heart contractility of the isolated rabbit heart using the 

Langendroff’s heart perfusion experiment with the ether, 

methanol, aqueous, and total crude leaf extracts of V. 

amygdalina could have been due to the agonistic effect of 

the compounds in the leaf extracts that mimicked the 

physiological effect of acetylcholine, a neurotransmitter 

released at the parasympathetic nervous system nerve 

terminals in the heart.
23

 The compounds could also act 

through inhibition of the sympathetic nervous system a 

branch of the autonomic nervous system.
14,18-20,22,23

 The 

compounds that have been reported in V. amygdlina leaf 

extracts that could contribute to the reduced chronotrophic 

and ionotrophic effects of the heart include, 

anthraquinones, soluble tannins, alkaloids, flavonoids, 

indoles, alkaloids, steroidal alkaloids, saponins, 

condensed tannins, glycosides, cyanogenic glycosides and 

terpenoids at varying quantities. The leaf extract has also 

been reported to contain carbohydrates, ascorbic acids, 

protein, fiber and vitamins in varying quantities.
14,18-20,22,23

  

On the other hand, adrenaline released at the sympathetic 

nerve terminals in the heart muscle cells, increases the 

cardiac muscle fiber membrane concentrations of sodium 

and calcium ions by binding to β1 adrenergic receptors, 

which are G-protein coupled receptors leading to 

stimulation of adenylate cyclase stimulation releasing 

cyclic adenosine monophosphate (cAMP) a secondary 

messenger. An increase of sodium and calcium ion 

permeability causes a more positive membrane resting 

potential hence bringing it nearer to the threshold level for 

self-excitation.
23

 In the A-V node and A-V bundles, 

increased sodium and calcium permeability increases 

excitability of each succeeding portion of the conducting 

fibers, by the action potential hence decreasing 

conduction time from the atria to the ventricles.
23

 The 

increase in the permeability of the calcium ions is 

partially responsible for the increase in the force of 

contraction of the cardiac muscle because the increased 

concentrations of calcium ions play a major role in 

contractile process of myofibrils.
23

 It is also possible that 

the normal mechanism of the heart contractility could be 

interfered with the phytochemical components and the 

high concentration of ions especially K+ ions present in 

the extracts that caused the observed reduced force and 

rate of contraction of the heart.
21,23

 The increasing 

concentrations of adrenaline leads to an increase in the 

contractility of the heart but overstimulation of heart 

overworks the heart muscle, leading to decrease in heart 

contractility and rate (Figure 2). A very high 

concentration of adrenaline can lead to cardiac arrest or 

even death of the tissue due to insufficient oxygen and 

nutrient supply. Acetylcholine on the other hand 

decreases the rate of rhythm of the sinus node and 

decreases the excitability of the A-V node junction fibers 

between the A-V node and the atria hence slowing 

passage of impulses in the heart.
23

 

The acetylcholine increases the permeability of the fiber 

membranes to potassium ions leading to rapid leakage of 

potassium out of the conductive fibers. This makes the 

fibers hyperpolarized making them much less excitable.
23

 

This then decreases the force and rate of heart 

contractility. In the sinus node, hyperpolarization 

decreases the resting membrane potentials requiring more 

time to reach the threshold for excitation.
23

 At high 

concentrations of acetylcholine it’s possible to stop 

entirely the rhythmical self-excitation of the sinus node. 

In the A-V node, hyperpolarization makes it difficult for 

atrial fibers entering the node to excite the nodal fibers 

while the low concentration blocks conduction entirely. 

The results therefore show that methanol, ether, aqueous 

and total crude leaf extracts of V. amygdalina contains 

various phytochemical compounds and minerals such as 

potassium ions that may have caused the 

hyperpolarization of the myocardial cell membrane and 

hence causing a reduced inotropic and chronotropic 

effects on the heart and hence its increased use by the 

local communities and traditional herbalists in Uganda in 

management of heart diseases especially hypertension.  

CONCLUSION 

The methanol, ether, aqueous and total crude leaf extracts 

of V. amygdalina contain active compounds and minerals 

that decreased the rate and force of contractility of an 

isolated mammalian heart. The effect of the methanol and 

aqueous leaf extracts of V. amygdalina on rate and force 

of contractility of the isolated perfused rabbit heart was 

more than that of ether and total crude leaf extracts. 
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