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INTRODUCTION  
Anthelmintics are drugs that act locally to expel worms 
from the gastro-intestinal tract or systemically to eradicate 
adult helminths or developmental stages that invade or-
gans and tissues (Devi et al., 2009). These medicines are 
used in human and other animal populations to destroy 
parasites that live in the body. According to World Health 
Organisation statistics, more than two billion people har-
bour parasitic worm infections (Khurana, 2010). In areas 
of high prevalence, simultaneous infection with more than 
one type of helminths is common. 
 

One of the problems with antihelmintics is that many of 
them have been used for a long time and over time para-
sites have developed drug resistance (Sarojini et al., 
2011). Most of the existing anthelmintics e.g. levamisole 
produce side effects such as abdominal pain, loss of 
appetite, nausea, vomiting, headache and diarrhea 
(Goodman and Gilman, 2001). Much emphasis has been 
placed on phytomedicine for some time now due to 
their outstanding advantages over synthetic drugs. 
Among these advantages are; least side effects, low cost 
and least drug resistance. Thus phytomedicine has be-
come a good alternative to synthetic anthelmintics 
(Pawan, 2009).  However, most phytomedicine still de-
pends on ―trial and error‘‘ basis or based on convention-
al wisdom. A variety of in vivo and in vitro methods has 
been employed to evaluate and validate anthelmintic 
properties of plant remedies (Pawan, 2009).  
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Two plants namely Alstonia boonei De Wild (Apocynaceae) 
commonly known as Pattern wood or stool wood and 
Vernonia amygdalina (Asteraceae) commonly known as bitter 
leaf are known to possess anthelmintic activity (Ghana 
Herbal Pharmacopoeia, 2007). Alstonia boonei is distributed 
throughout the tropics and the rain forest of West and 
Central Africa (Olajide, 2000). A bark extract is widely 
used to treat malaria, typhoid fever, gonorrhea, yaws, 
asthma and dysentery, and is also applied to sores, ulcers, 
snakebites, rheumatic pain and toothache, and as a galac-
tagogue. A maceration of the bark is taken to treat jaun-
dice, cough and sore throat, and is applied externally to 
treat skin conditions like eczema, ringworm and acne 
(Palla, 2005). 

 
Vernonia amygdalina is indigenous to tropical Africa and is 
found wild or cultivated all over Sub-Saharan Africa 
(Bosch et al., 2005).  Bitter leaf, commonly called, is a 
highly appreciated vegetable in West and Central Africa 
and can be consumed in various dishes. In traditional 
medicine; Leaf decoctions are used to treat fever, malaria, 
diarrhoea, dysentery, hepatitis and cough, as a laxative and 
as a fertility inducer.  It is also used as a medicine for sca-
bies, headache and stomach-ache. Root extracts are also 
used as treatment against malaria and gastrointestinal dis-
orders. One of the most common medicinal uses of V. 
amygdalina is as a treatment against intestinal worms in-
cluding nematode (Fomum, 2004). Leaf and root barks 
extracts showed antimalarial activity against drug-sensitive 
plasmodium berghei (Abosi and Raseroka, 2003).  
 
Development of resistance to most of the commercially 
available anthelmintics became a severe problem world-
wide (Waller et al., 2004). Moreover, these drugs are unaf-
fordable to the resource-poor individuals in developing 
countries, inaccessible or inadequately available as the 
majority of the population lives in the rural areas where 
these medicinal plants are readily available (Hammond, et 
al., 1997). These factors paved the way for herbal reme-
dies as alternative anthelmintics (Fajmi, et al., 2005).  
 
Although some work has been done on the antihelmintic 
activity of Vernonia amygdalina and Alstonia boonei most of 
them were in vivo (Siamba et al., 2007; Alawa et al., 2010). 
Therefore to verify further the antihelmintic activity of 
these plants and instill more confidence in their use as 
antihelminthics, this in vitro protocol is being used on the 
common earthworm (Lumbricus terrestris). 
 
The physiological resemblance of earthworms (Lumbricus 
terrestris) to intestinal roundworm, Ascaris lumbricoides 
(Nirma et al, 2007; Ashok, 2010) make this model suitable 

for antihelmintics studies in humans. The aim of the 
study therefore is to investigate the antihelminthic activi-
ty of A. boonei De Wild (Apocynaceae) and V. amygdalina 
(Asteraceae) using earthworms (Lumbricus terrestris) to 
affirm their use as alternatives to anthelmintic therapy.  
 
MATERIALS AND METHODS 
 
Plant collection  
The bark of Alstonia boonei and the leaves of Vernonia 
amygdalina were collected from the botanical gardens of 
the Kwame Nkrumah University of Science and Tech-
nology (KNUST), and authenticated at the Department 
of Pharmacognosy, KNUST, and dried for extraction. 
 
Preparation of Plant Extracts  
Aqueous Extracts 
The stem bark of Alstonia boonei was washed, sun dried 
and ground to a coarse powder. A 1,250 g quantity of the 
powdered drug was put into a glass container with 3000 
ml of water. The mixture was boiled for 30 minutes and 
cooled. Filtration was done and the marc pressed. The 
filtrate was dried in an oven at 40oC. A solid mass weigh-
ing 40 g was obtained (percentage yield: 3.2%). This was 
labeled aqueous Alstonei boonei bark extract (AQ ABE) 
for use in this study. The same procedure was used in the 
preparation of the Vernonia amygdalina leaf extract.  A 625 
g quantity of the powdered leaves yielded 100 g of dry 
residue (percentage yield: 16%) labeled aqueous Vernonia 
amygdalina leaf extract (AQ VLE) for use in this study.  

 
Ethanolic Extracts 
A 1000 g quantity of Alstonia boonei bark powder was 
packed into a percolator with its discharge port packed 
with cotton. Sufficient quantity of 70% ethanol was add-
ed to cover the drug and left for about 24 hours. The 
liquid was drained slowly from the bottom of the perco-
lator (about 20 drops per minute) into a flask.  The marc 
was pressed and this liquid was added to the percolate in 
the flask which was then concentrated in the Buchi Ro-
tor Evaporator (Rotavapor R-210, Switzerland) and dried 
in the Gallenkamp hot air oven (Oven 300 plus series, 
England) at 40oC. A dry mass of 56.8 g was obtained 
(representing a yield of 5.68%) and labeled as ethanolic 
Alstonei boonei bark extract (ET ABE) for use in this 
study. The same procedure was followed in the prepara-
tion of the Vernonia amygdalina leaf extract in which 300 g 
of powdered leaves was used. A dry mass of 21.1 g was 
obtained (representing a yield of 7.03%) and labeled eth-
anolic Vernonia amygdalina leaf extract (ET VLE) for use 
in this study. 
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Collection of Worms 
Earthworms (Lumbricus terrestris) of lengths 6-12 cm were 
obtained from the damp, cool, and covered area of the 
gardens of the Faculty of Horticulture (KNUST). The 
worms were transferred into a glass bottle with some 
quantity of the soil from which they were taken. The 
worms were identified and authenticated at the Depart-
ment of Biological Science, KNUST, Kumasi, Ghana. 
 
Experimental design 
Phytochemical screening 
Phytochemical screening was conducted on AQ ABE, 
AQ VLE, ET ABE and ET VLE to ascertain the pres-
ence of phytochemicals as described by Wagner and 
Bladt, (1996) and Harborne, (1998). The tannin content 
was determined according to the method of Glasl (1983) 
using pyrogallol (99.5% HPLC) as reference compound. 
 
Gross Motility and Mortality Studies 
This method was carried out as described by Ajaiyeoba et 
al., (2001) and Iqbal et al., (2001) with some modifications. 
Fifty (50) ml quantities of suspensions (concentrations: 50 
mg/ml, 100 mg/ml and 200 mg/ml) prepared from 
weighed quantities of AQ ABE, AQ VLE, ET ABE and 
ET VLE were poured into labelled petri-dishes. Five 
worms were put into each petri-dish and compared with 
that of piperazine citrate (50, 100, and 200 mg/kg); the 
reference anthelmintic and the control (distilled water). 
Time for paralysis and death were determined as de-
scribed in Table 1.  The experiment was terminated after 
6 hours. 
 
Tissue-bath Studies 
The tissue-bath experiment was designed as described by 
Goodwin, 1958 with some modifications by researchers. 
Worms were placed in prepared fine nylon stockings (18 
cm long and 0.6-0.8 cm wide) and suspended in a 40 ml 
capacity glass tube of length 40 cm and width 6 cm con-
taining modified Tyrode solution maintained at 37 oC in a 
Havard research apparatus (Harvard Apparatus Ltd, Kent, 
UK). The open end of the stockings was closed behind 
the worm with the use of a rubber band. The band was 
attached to a sinker made from a piece of heavy metal. 
The closed anterior end was tied to a piece of thread 
(which lowered the worm into the tube containing 
Tyrode) and attached to the frontal writing lever of 
Havard apparatus. Oxygen was bubbled through the 
tyrode solution. With sufficient counterweight on the 
lever, the worm was kept upright in the tube. Enough 
time was allowed for spontaneous movement of the 
worm in the bath to be stable (seen as a uniform baseline 
recording on the Harvard kymograph) before administra-

tion of 20 ml of 200 mg/ml of AQ ABE, AQ VLE, ET 
ABE and ET VLE or 5 ml of 150 mg/ml piperazine 
citrate (doses were selected from preceding experiment). 
In the control, the worms were suspended in modified 
Tyrode solution. Time for paralysis and death (seen as a 
decrease in spontaneous movement and no movement 
respectively) of the worm as recorded on a slow moving 
Harvard kymograph drum was noted. Termination time 
for the experiment was 3 hours. The procedure was re-
peated five times for each treatment group. 

 
Statistical Analysis 
Data is presented as mean ± SD (N=5). Analysis of the 
effects between doses in treatment groups and the con-
trol and between the aqueous and ethanolic extracts was 
conducted by two-way ANOVA followed by Bonfer-
roni‘s post hoc test. GraphPad Prism Version 5.0 for 
Windows (GraphPad Software, San Diego, CA, USA) 
was used for all statistical analyses. P ≤ 0.05 was consid-
ered statistically significant in all analysis. 
 
RESULTS 
 
Preliminary Phytochemical Screening 
Results from phytochemical screening indicate the 
presences of alkaloids, tannins, and glycosides in all ex-
tracts (Table 2). 
 
Antihelmintic Activity 
After 6 hours in the petri-dish, worms in the control 
group were still active (no paralysis); there were no 
deaths. Piperazine citrate and all the extracts however 
caused paralysis in the worms between 3.68 ± 0.90 to 
59.9 ± 8.3 minutes of exposure which were very signifi-
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Table 1: A guide to ascertain paralysis and death of 
experimental worms 

Parameter Description 

Paralysis Marked decrease in vigorous wriggling 
movement of the worm indicates 
paralysis 

If the worm revived in physiological solu-
tion (Tyrode) 

Death Evoked pin prick response: Slow move-
ment of the worm after being pricked 
with pin indicates paralysis. No 
movement indicates death. 

Confirmed by dipping the worm in warm 
water at 50 oC and shaken vigorously. 
No response indicates death 
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cant (P ≤ 0.001) compared to the control (Table 3). The 
paralyzing effect was dose-dependent. Again, piperazine 
citrate and the extracts dose-dependently and very signifi-
cantly (P ≤ 0.001) caused death in the worms between 
17.4 ± 2.3 and 158.4 ± 16.4 minutes in comparison to the 
control (Table 4).  
 

Constitu-

ent 

AQ 

ABE 

AQ 

VLE 

ET 

ABE 

ET 

VLE 

Alkaloids + + + + 

Tannins + + + + 

Flavo-

noids 

- + - + 

Glyco-

sides 

+ + + + 

Steroids - - - - 

Table 2: Results from phytochemical screening of 
the aqueous and ethanolic extracts of A. boonei De 
Wild (Apocynaceae) and V. amygdalina 
(Asteraceae) 

While worms in the control group saw no paralysis or 
death when suspended in the tissue bath, again piperazine 
citrate and all the extracts significantly caused paralysis of 
the worms between 8.73 ± 2.38 to 16.52 ± 4.63 minutes 
of exposure and death between 21.5 ± 3.10 to 27.8 ± 8.62 
minutes of exposure (Table 5).  
 
DISCUSSION 
In this study, anthelmintic assay was performed on adult 
earthworms (Lumbricus terrestris) due to its physiological 
resemblance with the intestinal roundworm parasite of 
human beings (Thorn et al., 1977; Vigar, 1984). The ex-
perimental results indicate that the extracts of Vernonia 
amygdalina and Alstonia boonei have potent anthelmintic 
activity (the short duration of action is worth noting).  

 
From phytochemical screening all the extracts have alka-
loids, tannins, and glycosides which have been associated 
with antihelminthic activity (Sarojini et al., 2011). Alka-
loids in the aerial parts of Cissampelos capensis 
(Menispermaceae) and Macleaya microcarpa (Maxim) Fedde 
are known to be responsible for their anthelminthic activ-
ity (Ayers et al., 2007; Wang et al., 2010). Tannins are 
known to produce anthelmintic activity by binding to 
glycoprotein on the cuticle of the parasite. They hinder 
energy production in helminth parasites by uncoupling 
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Treatment groups Time for Paralysis 
 (min) 

Time for Death 
 (min) 

Control > 360 ± 0.00 > 360 ± 0.00 

AQ ABE 16.52 ± 4.63 *** 27.8 ± 8.62 *** 

AQ VLE 14.18 ± 2.84 *** 25.16 ± 6.09 *** 

ET ABE 15.88 ± 4.47 *** 21.4 ± 5.00 *** 

ET VLE 13.91 ±  2.92 *** 24.32 ± 4.88 *** 

Piperazine citrate 8.73 ± 2.38 *** 21.5 ± 3.10 *** 

Table 5: The time (min) taken for paralysis, and 
death of the earthworms (Lumbricus terrestris) on 
exposure to AQ ABE, AQ VLE, ET ABE, ET VLE 
and piperazine citrate at a dose of 100 mg/kg in 
the tissue bath.  

Values are means ± SD. (N=5). ***P ≤ 0.001; com-
pared to control group (Two-way ANOVA fol-
lowed by Bonferroni’s post hoc test). Termination 
time for the experiment was 6 hours. 

oxidative phosphorylation (Martin, 1997).  

 
Piperazine a known anthelmintic is GABA mimetic. By 
increasing chloride ion conductance of worm muscle 
membrane, it produces hyperpolarisation and reduced 
excitability that leads to muscle relaxation and flaccid 
paralysis (Martin, 1985; Sutar et al., 2010). Comparing 
anthelmintic activity of Vernonia amygdalina and Alstonia 
boonei to piperazine, the extracts may contain constitu-
ents that could probably have weak GABA-mimetic 
effect similar to piperazine citrate.  

 

 

 
CONCLUSIONS 
Antihelmintic effects of the extracts could ease the eco-
nomic burden on antihelmintic therapy. The bark ex-
tract of Alstonia boonei and the leaf extract of Vernonia 
amygdalina have antihelmintic activity. These findings 
may partly explain some of the folklore use of these 
plants in the treatment of worm infestations. 
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