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Abstract
Malaria is one of the world’s most serious diseases caused 
by Plasmodium parasite. It remains the greatest cause of 
hospitalization and death among human parasitic infections. 
Over 40% of the world’s population is at risk of malaria and 
active clinical cases due to Plasmodium falciparium. The 
study entitled “Antiplasmodial efficacy of Vernonia amygd-
alina in mice infected with Plasmodium berghei” is aimed 
at investigating the antiplasmodial activity of the ethanolic 
leaf exytract of Vernonia amygdalina in Plasmodium berghei 
infected mice. The study involves preparation of ethanolic 
extract from the leaves of Vernonia amygdalina using mac-
eration method followed by evaporation of ethanol using ro-
tary evaporator to get gummy residue as an extract and then 
determining its antiplasmodial activity in P. berghei NK65 
strain infected mice. Twenty-six Albino mice used for the 
in vivo experiment were housed under the standard condi-
tions and maintained on standard pelleted food and water. 
Ninety-six (96) hours (4 days) curative test in mice model 
was done to check the effect of the plant extract in the mice 
infected with P. berghei. The result showed average per-
centage parasitemia of 1.68 ± 0.76, 0.90 ± 0.39 and 0.41 ± 
0.41 with average percentage curative effect of 69.5%, 72% 
and 94% at dosage levels of 400, 600 and 800 mg/kg re-
spectively. This indicated that the antiplasmodial effect of V. 
amygdalina increases as the dosage of the extract increas-
es. The plant extract produced significant curative effect in 
dose dependent manner during 96 hours of treatment. The 
extract showed promising curative activity against P. ber-
ghei. Therefore, V. amygdalina may be considered in ma-
laria therapy.
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Introduction
Malaria is the leading parasitic disease globally and 

the causative agent (Plasmodium falciparum) is respon-
sible mostly for the mortality and morbidity associated 
with the disease. The disease is prevalent and devas-
tating parasitic infection globally [1]. Malaria caused 
about 627,000 malaria deaths worldwide and 90% of 
these mortalities were recorded in the African region, 
followed by Southeast Asia (7%) and the Eastern Medi-
terranean (3%) [2]. Death mostly associated with malar-
ia is caused by P. falciparum. However, P. vivax is now 
increasingly noted to be responsible for pernicious ma-
laria and death [2]. The World Malaria Report [3] shows 
that the scourge of malaria continues to strike hardest 
against pregnant women and young children in Africa. 
Scaling up efforts to reduce cases and deaths among 
these two populations would provide a significant boost 
in the fight against malaria.

Chemotherapy remains possible control measure for 
malaria infection and the previously effective chloro-
quine has substantially failed as a prophylactic and ther-
apeutic malaria drug in many endemic countries espe-
cially in Africa, Asia and South America due to the wide-
spread of chloroquine resistant P. falciparum strains 
with mutant alleles for chloroquine resistance trans-
porter proteins (pfcrtT76) and multidrug resistance gly-
coprotein-1 (pfmdr-1Y86) [4]. However, most of these 
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1861A). Three hundred grams (300 g) of the powdered 
leaves were extracted with 1500 ml of 96% ethanol by 
maceration for 72 hours. The extract was then filtered 
and concentrated under vacuum in a rotary evaporator 
(78 °C, 450 RPM) which yielded about 54% of gummy 
residue, as extract of plant part [15]. The extract was 
kept in a tightly closed bottle in a refrigerator until use 
for anti-malarial testing.

Experimental animals

The Swiss mice (20-25 g) that were used for this re-
search were obtained from the Institute of Advanced 
Medical Research and Training, College of Medicine, 
University of Ibadan (IAMRAT). The mice were housed 
under the standard conditions and maintained on stan-
dard pelleted feed and water. The mice were allowed to 
acclimatize in the new environment for 4 days before 
they were inoculated with the parasite. The use and 
handling of mice was in accordance with the guideline 
for the care and use of experimental animals [16].

Parasite inoculation

The blood of a donor Swiss mouse infected with 
choroquine-sensitive Plasmodium berghei was used for 
inoculum preparation. The NK65 strain of P. berghei 
used was obtained from Institute of Advanced Medical 
Research and Training (IAMRAT), College of Medicine, 
University of Ibadan. Each mouse was passaged intra-
peritoneally with 0.2 ml of the infected blood contain-
ing about 1 × 106 P. berghei parasitized red blood cells. 
The whole blood was diluted in phosphate buffer saline 
(PBS) before inoculation of the mice.

Curative test

Thirty-five mice were used and twenty-nine out of 
the thirty-five mice were injected intraperitoneally with 
0.2 ml of blood containing about 1 × 106 P. berghei in-
fected erythrocytes on the fifth day. The infection which 
was confirmed by viewing the Giemsa-stained blood 
smear obtained from the mouse tail under the micro-
scope was established 120 hours after passaging [17]. 
The animals were divided into seven groups, group 1 
(negative control) containing 5 mice not infected with 
P. berghei and received no treatment; group 2 contains 
5 mice infected with P. berghei but not treated with any 
drug or plant extract (positive control) while group 3 
(drug treatment control) contains 5 infected mice who 
received daily doses of chloroquine at 10 mg/kg. Group 
4 which is the plant extract control contained 5 unin-
fected mice and also received 800 mg/kg of the ethan-
olic plant extract daily. Finally groups 5, 6 and 7 contain 
5 mice each and received the following daily-doses of 
V. amygdalina leaf ethanolic extract at dosage concen-
trations 400 mg/kg, 600 mg/kg and 800 mg/kg (Table 1) 
for 4 days. All the doses of the extract and chloroquine 
were given to them orally for 96 hours.

treatments available are used in loose dosages and are 
currently having difficulty in administration mostly in 
rural areas of the developing countries due to afford-
ability and accessibility constraints [5]. However, chlo-
roquine still remains the drug of choice against malaria 
in pregnancy because it is safe and cheap to use, these 
qualities remain insurmountable by other antimalarial 
drugs [6]. The above findings have justified the need to 
develop strategies of restoring chloroquine efficacy and 
prolong its clinical utility in malaria treatment.

In the last twenty years, these strategies have been 
employed by pharmaceutical companies as antidepres-
sants (e.g. fluoxetine and desipramine), antihistamines 
(e.g. promethazine and chlorpheniramine), calcium 
channels blockers (e.g. verapamil and nifedipine) and 
antipsychotics (e.g. chlorpromazine) to reverse chlo-
roquine resistance by P. falciparum in vitro and in vivo 
in rodent [7] and apes malaria models [8]. In addition, 
apart from the obvious elevated cost of treating ma-
laria, many of these chemo-sensitizers have multi-sys-
temic effects, which may provoke side effects and their 
various dosages of chloroquine resistance reversal can 
be toxic [9]. For instance the work of [10] provided a sci-
entific validity for the local use of Vernonia amygdalina 
for the malaria treatment in the Democratic Republic of 
Congo.

Vernonia amygdalina (English: Bitter leaf, Yoruba: 
Ewuro, Igbo: Pnugbu, Hausa: Chusardoki, Tiv: Ityu-
na, Ibibio: Etidot) is a perennial herb belonging to the 
Compositae family. The Compositae are herbs, shrubs, 
or less commonly trees which are the largest family of 
angiosperms and has approximately 1,620 genera and 
more than 23,600 species of flowering plants [11]. It 
grows majorly in tropical Africa especially in Nigeria, 
Zimbabwe and South Africa and it is domesticated in 
most parts of West Africa [12]. In addition, Tona, et al. 
[10]; Abosi and Raseroka [13] and Massaba [14] indicat-
ed that Vernonia amygdalina leaf extract is a promising 
antimalarial agent because of its ability to reduce par-
asitemia in malaria patient. In this regard, various dos-
ages of Vernonia leaf extract were used to evaluate the 
antiplasmodial efficacies of the plant in mice infected 
with sensitive chloroquine Plasmodium berghei strains.

Materials and Methods

Plant material and identification
The leaves of V. amygdalina free of insects were ob-

tained from FUTA South Gate, Akure, Ondo State, Nige-
ria during the rainy season. The plant was taken to the 
Department of Biology laboratory, Federal University of 
Technology, Akure, Ondo State; for identification.

Preparation of plant extract
The leaves were air-dried at room temperature (27 

± 2 °C) for six weeks, the dried leaves were ground into 
coarse powder with Qasa electric blender (Model: QBL-
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mice at 400, 600 and 800 mg/kg decreased. However, 
optimum activity of the plant extract was recorded in 
all treatment groups on day 3. At days 4 and 5 the cura-
tive test showed that there is no significant difference 
in the percentage parasitemia at different doses of 400, 
600 and 800 mg/kg for the mice treated with the plant 
extract, the infected untreated and mice treated with 
chloroquine at 10 mg/kg (Table 2).

Figures in column 2 is the parasitemia before treat-
ment.

Figures with the same alphabet down the column 
are not significantly different (P > 0.05).

The results presented in Table 3 showed that mice 
treated with 400 mg/kg of the plant extract at day 1 (24 
hrs) showed increase in body weight, while at days 2-4 
(48-96 hrs) the mice treated with the same dose (400 
mg/kg) of the plant extract experienced decrease in 
body weight. Similarly, mice treated with 800 mg/kg 
for 1-4 days (24-96 hrs) experienced decrease in body 
weight. However, the highest weight loss (13.3 g) was 
noted in mice treated with 800 mg/kg for 72 hrs while 
mice treated with 400 mg/kg of the plant extract gained 
0.70 g of body weight. Generally, weight loss was ob-
served in all the mice except mice treated with 400 mg/
kg for 24 hrs.

Percentage effectiveness of the plant extract and 
chloroquine at 24 hours interval

The percentage effectiveness results presented in 
Table 4 showed that chloroquine, the standard drug 
cleared the parasite (P. berghei) by 100% at 10 mg/kg 

Determination of parasitemia
Thick and thin smears were prepared with blood 

collected from the tail of each mouse every 24 hours 
for 4 days. The thin films were fixed with methanol and 
allowed to dry before it was stained with 3% Giemsa 
stain for 30 minutes. The films were viewed under the 
oil immersion objective (X100) of the light microscope 
to determine the parasite density. The percentage par-
asitemia was determined using the following formula:

Number of Infected RBC 
Total N

% P
umb

arasitaem
er of RBC

ia = ×100

Parasitemia before treatment - Parasitemia after treatment % curative = ×100
Parasitemia before treatment

Data analysis
The results were analyzed for statistical significance 

using one-way ANOVA. The mean and the level of signif-
icance for the differences between means of the data 
obtained were computed using Duncan’s New Multiple 
Range Test (DNMRT) at P < 0.05. All the statistical anal-
yses were done using SPSS version 20.0.

Results

Antiplasmodial activity of the plant extract and 
chloroquine

The results showed that the percentage parasitemia 
increased in the mice treated with V. amygdalina ex-
tract at different doses of 400, 600 and 800 mg/kg on 
day 1 of treatment; meanwhile, the percentage para-
sitemia of the mice treated with chloroquine at 10 mg/
kg did not increase compared to those treated with V. 
amygdalina extract. On day 2 the parasitemia of the 

Table 1: Experimental plan for control and test animals.

Groups Experimental Plan Remarks 
Group 1 Were neither infected with Plasmodium berghei nor treated. Negative control

Group 2 Were infected with Plasmodium berghei but not treated. Positive control

Group 3 Were infected with Plasmodium berghei and treated with 10 mg/kg of chloroquine 
solution for 4 consecutive days.

Drug treatment control

Group 4 Were not infected but were administered with 800 mg/kg body weight of Vernonia 
amygdalina for 4 consecutive days.

Plant extract control

Group 5, 6, 7 Were infected with Plasmodium berghei and administered with Vernonia amygdalina 
plant extract at 400, 600, and 800 mg/kg body weight for 4 consecutive days.

Treatment 

Table 2: Average percentage parasitemia obtained from the mice infected with P. berghei and treated with graded doses of V. 
amygdalina.

Average Parasitemia
Days

Treatment at graded 
doses (mg/kg)

Before 1 2 3 4 5

V. amygdalina 400 12.09c 5.50 ± 1.64b 2.50 ± 0.35a 1.68 ± 0.76a 4.55 ± 2.37b 10.98 ± 6.33b

V. amygdalina 600 5.17b 3.20 ± 0.73ab 1.98 ± 0.45a 0.90 ± 0.39a 0.96 ± 0.39a 2.88 ± 1.70a

V. amygdalina 800 28.03d 6.74 ± 1.89b 1.62 ± 0.80a 1.94 ± 0.85a 0.41 ± 0.41a 6.08 ± 5.79b

Chloroquine 12.75c 0.88 ± 0.44a 0.06 ± 0.30a 0.00 ± 0.00a 0.00 ± 0.00a 0.00 ± 0.00a

Infected Untreated 0.50a 0.70 ± 0.25a 5.35 ± 1.35b 13.39 ± 6.51b 4.56 ± 1.76b 9.50 ± 1.76b
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with 600 mg/kg V. amygdalina extract for 24 hrs.

Percentage parasitemia at 24 hours interval
The results as presented in Figure 1 showed the 

percentage parasitemia at 24 hours interval. It was ob-
served that the infected untreated (control) group had 
the highest parasitemia (13.34%) because no treatment 
was administered to the mice in this group. Meanwhile, 
the mice treated with chloroquine at 10 mg/kg had the 
least percentage parasitemia (0.06%) which indicated 
that the standard drug chloroquine has the highest anti-
plasmodial activity (0.00%) on the mice when compared 
to the plant extract.

body weight at 48 hrs of administration. None of the 
doses of the plant extract could completely eliminate 
the erythrocytic stages of the parasite in the mice. The 
highest percentage effectiveness (94%) of the plant ex-
tract was observed when 800 mg/kg of V. amygdalina 
was administered in vivo to the mice for 72 hrs. Gen-
erally, it was noted that the percentage effectiveness 
of the plant extract increases as the dose and hours of 
exposure increase. It was noted that at 96 hrs of treat-
ment with the plant extract at 400 mg/kg, 600 mg/kg 
and 800 mg/kg recorded percentage effectiveness of 
82%, 86.5% and 94% respectively. The least percent-
age effectiveness (38.1%) was observed in mice treated 

Table 3: Average percentage weight loss or gain of the Albino mice after treatment.

Treatment at 24 
hours interval

Percentage 
Parasitemia (%)

Weight before 
treatment (g)

Weight after 
treatment (g)

Weight loss/
gain (g)

Percentage weight 
loss/gain (%)

400 mg

24 hours 2.5 22.3 23 0.7 3.14

48 hours 1.68 22.3 22.3 0 0

72 hours 4.55 22.3 21 -1.3 -5.83

96 hours 10.98 22.3 21.3 -1 -4.48

600 mg

24 hours 1.98 22 21 -1 -4.55

48 hours 0.9 22 20 -2 -9.09

72 hours 0.96 22 20 -2 -9.09

96 hours 2.88 22 21.3 -0.07 -3.18

800 mg

24 hours 1.62 20.3 19.3 -1 -4.93

48 hours 1.94 20.3 18.6 -1.7 -8.37

72 hours 0.41 20.3 17.6 -2.7 -13.3

96 hours 6.08 20.3 18.5 -1.8 -8.87

Chloroquine

24 hours 0.06 21.7 19.6 -2.1 -9.68

48 hours 0 21.7 21.3 -0.4 -1.84

72 hours 0 21.7 21.3 -0.4 -1.84

96 hours 0 21.7 21.6 -0.1 -0.46

Infected Untreated

24 hours 5.35 19.3 17 -2.3 -11.92

48 hours 13.34 19.3 17.6 -1.7 -8.81

72 hours 4.56 19.3 18 -1.3 -6.74

96 hours 9.5 19.3 17.3 -2 -10.36

+ sign indicates weight gained while – sign indicates weight loss

Table 4: Percentage effectiveness of V. amygdalina at 24 hours interval.

Treatment of infected 
mice 

Percentage 
effectiveness at 24 
hours (%)

Percentage 
effectiveness at 48 
hours (%)

Percentage 
effectiveness at 72 
hours (%)

Percentage 
effectiveness at 96 
hours (%)

400 mg/kg 54.5 69.5 72 82

600 mg/kg 38.1 70 86.5 86.5

800 mg/kg 71.2 76 94 94

Chloroquine 10 mg/kg 93.1 100 100 100
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The curative anti-plasmodial activity of V. amygd-
alina and chloroquine at 10 mg/kg body weight from 
this study shows that chloroquine, the standard drug 
cleared the parasites by 100% compared to the percent-
age of clearance by V. amygdalina extract which varies 
at graded doses of 400, 600 and 800 mg/kg against P. 
berghei infection. The in-vivo study further showed 
that the efficacy of the plant extract increases as dose 
increased from 400 mg/kg to 800 mg/kg, thus the 800 
mg/kg dose had the highest efficacy than 600 and 400 
mg/kg doses. However the standard drug (chloroquine) 
produced the highest efficacy. This shows that optimum 
antiplasmodial activity (94%) of V. amygdalina was re-
corded at 800 mg/kg while the least antiplasmodial 
activity (38.1%) was recorded at 600 mg/kg. the anti-
plasmodial activity of the dose also increases as time of 
administration increases. The antiplasmodial activity of 
V. amygdalina observed in this research is similar to the 
reports of other authors. Temesgen [18] and Temesgen, 
et al. [19]. The authors reported that V. amygdalina has 

Discussion
Plasmodium berghei parasite is used in predicting 

treatment outcomes of any suspected antimalarial 
agent due to its high sensitivity to chloroquine making it 
the appropriate parasite for the study. The infusion and 
ethanolic extract of V. amygdalina were effective at dif-
ferent dosage levels used in the treatment of the mice 
infected with P. berghei. This study shows an increase 
curative effect of V. amygdalina with the values of 82%, 
86.5%, and 94% of ethanolic leaf extract at dosage lev-
els of 400 mg/kg, 600 mg/kg and 800 mg/kg respective-
ly. The curative anti-plasmodial test indicated that the 
mice treated with V. amygdalina at graded doses of 
400, 600 and 800 mg/kg body weight and chloroquine 
at 10 mg/kg resulted in reduced parasite load compared 
to negative control group. The plant extract showed no 
significant difference (p > 0.05) against P. berghei in 
mice treated at all dosage levels from 24 hours to 96 
hours of treatment compared to the mice in the infect-
ed control group.

         

Figure 1: A bar chart showing percentage parasitemia in the mice intraperitoneally exposed to different doses of the V. 
amygdalina extract and 10 mg/kg of chloroquine at 24 hours interval.
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the potency of reducing the P. berghei in mice and the 
antiplasmodial potency of the plant is associated with 
increased parasite suppression. Also, Omoregie, et al. 
[15] also reported that the ethanolic extract of V. amyg-
dalina leaves showed highest antiplasmodial activity of 
82.3% at 1000 mg/kg. The antiplasmodial activity (82-
94%) of V. amygdalina recorded in this study is slight-
ly higher to the report of Abosi and Raseroka [13], and 
Temesgen, et al. [19] who reported that the ethanolic 
leaf extracts of V. amygdalina suppressed parasites by 
67% and 37.67% respectively. The results of the pres-
ent research further reaffirmed that infection with P. 
berghei resulted into weight loss which may take few 
days to recover from even after therapy. Weight loss 
was observed in all treated mice except mice treated 
with 400 mg/kg for 24-48 hours. This body weight as a 
result of parasitemia concurs with the report of Zemi-
cheal and Mekonnen [20] who reported that there was 
decrease in body weight of mice treated with 200 mg/
kg, 400 mg/kg and 600 mg/kg from 27.74 to 25.66 g, 
29.08 to 28.88 g and 29.62 to 28.46 g respectively. The 
antimalarial activity of the leaf extract of V. amygdalina 
in this research work might be due to the presence of 
bioactive secondary metabolites contained in the plant 
such as terpenoids, alkaloids, phenols, flavonoids and 
tannins [21].

Conclusion
The results obtained from the current study indicat-

ed that V. amygdalina has high curative effect at the 
highest dose (800 mg/kg) administered to the experi-
mental mice. The study further shows that the ethan-
olic leaf extract of V. amygdalina showed antimalarial 
effects, thus has the ability to drastically reduce the 
erythrocytic stages (merozoites, schizonts and gameto-
cytes) of P. berghei. Hence, justify its traditional usage 
as malaria remedy. However, the dosages should be 
regulated. In addition, the plant extract produced sig-
nificant parasitemia curative effect in dose dependent 
manner during 96 hours of treatment. In general, anti-
malarial activities further affirm the claim by traditional 
practitioners that the plant is effective in the treatment 
of malaria and support the ethnobotanical use of the 
plant in the treatment of malaria in Africa. Therefore, 
it is recommended that individuals especially in tropi-
cal Africa should develop the habit of including bitter 
leaf (V. amygdalina) in their culinary practices in order 
to reduce the morbidity and mortality associated with 
malaria infection in the endemic areas.
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