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Context: Malaria is a life-threatening disease in sub-Saharan Africa. Vernonia amygd- Received August 22, 2019
alina (VAM), a popular Nigeria vegetable, is commonly consumed by the patients on Accepted November 30, 2019
antimalarial therapy, as a means of curbing resistance posed by Plasmodium species to Published January 10, 2020
conventional antimalarial drugs. KEYWORDS

Objective: This study was designed to evaluate the effect of artemisinin combina-
tion-based therapy, Artesunate (ART)/Amodiaquine (A/A) on the antimalarial efficacy of
VAM leaf extract.

Materials and Methods: Plasmodium berghi infected mice were randomized into six
groups as follows: Group 1 (untreated control), group 2 (ART/VAM, 35.14 mg/kg/125
mg/kg), group 3 (ART, 35.14 mg/kg), group 4 (ART/A, 35.14 mg/kg/105 mg/kg), group
5 (VAM, 125 mg/kg), and group 6 (ART/VAM, 2.86 mg/kg/125 mg/kg). Administration
lasted for three consecutive days and antiplasmodial activity was assessed using Rane’s
curative test.

Results: Parasitemia clearance of 98.8% and 52.83% were recorded for VAM (125 mg/kg)
and ART (35.14 mg/kg), respectively. However, lower parasitemia clearance of 97.05%
and 80.49% were produced by the combinations of VAM/ART (125 mg/kg/2.86 mg/kg)
and VAM/ART (125 mg/kg/35.14 mg/kg), respectively, when compared to that of VAM,
125 mg/kg. A/A, (35.14 mg/kg/105 mg/kg) produced a parasite clearance of 89.69%.
Conclusion: ART produced dose dependent antagonism on the antimalarial efficacy of
VAM. Combination of higher dose of ART and VAM should be discouraged, while the
combination of low dose of ART and VAM could be encouraged for malaria patients.
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Introduction
atovaquone, and Artesunate (ART). Consequently,

Malaria, a common disease in tropical countries, \WHO recommended other combination therapies,
especially sub-Saharan Africa, is an endemic  egpecially the artemisinin-based combination ther-
infection caused by Plasmodium falciparum  apy (ACT) [4]. Unfortunately, the parasite has been
(P falciparum). An estimate by the World Health  demonstrated to resist the combination therapy [4].
Organization (WHO) in 2016 revealed that about These limitations posed by conventional anti-
429,000 deaths occurred out of 212 million malaria  malarial agents have inspired scientific assessment
cases reported, with majority from Africa [1,2].  of herbal remedies in an attempt to discover an
Pregnant women and children below 5 years suffer  lternative safe, affordable, effective, and readily
mostly from malaria [3]. available antimalarial therapy [5,6]. Also, combina-

Plasmodium falciparum is known to be resis-  tjon of conventional antimalarial drugs and herbal
tant to monotherapeutic agents, such as 4-mino-  remedies is now being recognized as probable
quinolines, quinine, chloroquine, anti-folates, means of eliminating further resistance posed by

Contact Chibueze Peter Ihekwereme B2 cp.ihekwereme@unizik.edu.ng E3 Department of Pharmacology and Toxicology, Faculty of
Pharmaceutical Sciences, Nnamdi Azikiwe University, Awka, Nigeria.

© 2020 The Authors. This is an open access article under the terms of the Creative Commons Attribution NonCommercial ShareAlike 4.0
(https://creativecommons.org/licenses/by-nc-sa/4.0/).



Chibueze Peter Ihekwereme, Paul Agafuchukwu, Earnest Oghenesuvwe Erhirhie

P, falciparum to the WHO approved ACT. This prac-
tice had aroused scientific interest on the therapeu-
tic efficacy and safety, as such combination could
result in increase or decrease in the therapeutic
efficacy or toxicity [1].

Vernonia amygdalina (VAM) (Asteraceae) com-
monly known as bitter leaf is a perennial shrub
growing up to 2-5 cm high with a rough bark and
thick black straits. Its leaves are elliptic with about
6 mm long [7]. It is a medicinal plant used for
malaria and other diseases in various countries in
sub-Saharan Africa, including Nigeria [8]. It is called
“Ewuro,” “Onugbu,” and “Chusar doki or fatefate”, in
Yoruba, Igbo, and Hausa Nigeria populace, respec-
tively. Itis used in the preparation of vegetable soup
due to numerous health benefits embedded in it [9].

Earlier animals studies have revealed that VAM
to possess a significant antimalarial properties
[10-12]. For instance, Plasmodium strains of falci-
farum, vivax, ovale, and malariae, which are resis-
tant to conventional antimalarial drugs were found
to be susceptible to aqueous leaves extract of VAM
at higher concentration [13,14]. Its aqueous extract
was found to enhance the antimalarial efficacy of
chloroquine [11]. Also, its anti-plasmodial activity
has been validated in clinical trials [15].

Consumption of VAM vegetable soup while
on antimalarial medications, especially ART is a
common practice by some of the South Eastern
Nigeria populace. To our knowledge, there is pau-
city of studies to ascertain the effect of concurrent
use of VAM and ART to validate their herb-drug
synergism/antagonism.

Materials and Methods
Animals

A total of 24 albino mice of both sexes were used
in the study. Following procurement from the
Faculty of Veterinary Sciences, University of Nigeria
Nsukka, they were acclimatized for 7 days at the
Animal House of the Department of Pharmacology
and Toxicology, Faculty of Pharmaceutical Sciences,
Nnamdi Azikiwe University, Agulu. Animals were
fed with grower feed and water ad libtum for the
entire duration of the study. Good hygiene was
maintained by regular cleaning of the cages and
replacement of their beddings. They were handled
in compliance with the National Institute of Health
Guidelines for the care and use of laboratory ani-
mals (Pub No. 85-23, revised 1985).

Drugs and chemicals

ART/Amodiaquine was sourced from Right-health
pharmacy Awka, methanol (JHD, Guangdong
Guanghua Schi Tech, Ltd., China), animal feed (Vital
feed Ltd., Jos, Nigeria).

Preparation of extract

VAM leaves were harvested in the morning
hours, by 6 am. The sample was authenticated
by the Department of Pharmacognosy, Faculty
of Pharmaceutical Sciences, Nnamdi Azikiwe
University, Agulu. The leaf sample was crisply air-
dried and milled. Thereafter, the pulverized leaf
was macerated for 48 hours using methanol as a
solvent. The filtrate recovered was evaporated to
dryness using water bath at 45°C.

Experimental protocol

A standard inoculation of 1 x 107 Plasmodium ber-
ghei infected red blood cell was prepared by dilut-
ing the infected blood of donor mice with normal
saline, such that 0.2 ml of the diluted blood con-
tained approximately 1 x 107 infected erythrocytes.
Each animal was intraperitoneally injection with
0.2 ml of the standard inoculum which produced a
steadily rising infection in the animal.

After infection, mice were grouped into six
groups of four mice per group. Group 1 served as
negative control and received distilled water only,
10 ml/kg. Group 2 received ART/VAM, 35.14 mg/
kg/125 mg/kg. Group 3 received ART (35.14 mg/
kg). Group 4 received ART/A (35.14 mg/kg/105
mg/kg). Group 5 received VAM (125 mg/kg).
Group 6 received ART/VAM (2.86 mg/kg/125 mg/
kg). The doses were determined from adult clinical
human dose.

At 72 hours post infection, when the parasitemia
level had risen >4%, animals were treated accord-
ingly. Average weights of the animals were taken in
each group and were used as the actual weigh for
determining doses. Treatments were given for three
consecutive days [6] Parasitemia level was examined
the following day after the third day of treatment.

Parasitemia monitoring

Parasitemia was determined by collecting the blood
samples from the tail of mice for thin blood films
fixed on slides with methanol for 15 seconds. The
fixed samples were stained with 10% Giemsa for 25
minutes. Thereafter, the slides were washed with
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phosphate buffer of pH 7.2 and allowed to dry and
were examined with microscope using x100 mag-
nification in oil immersion. The number of parasit-
ized erythrocytes out of 200 erythrocytes in ran-
dom field of the microscope was determined. The
percentage parasitemia was determined as follows:

% Parasitemia = (total no. of parasitized RBC (red
blood cell)/total no. of RBC) x100 [6]. Parasitemia
clearance was calculated as follows: (Pre-treatment
- Post-treatment) /Pre-treatment x 100.

Statistical analysis

All result obtained were expressed as mean * stan-
dard error of mean (SEM) (n = 4) and were sta-
tistically analyzed by parried sample t-test, using
Statistical Package for Social Sciences (SPSS-20).
p < 0.05 considered to be statistically significant.

Results

From the result as shown in Table 1, VAM (125 mg/
kg) alone and ART (35.14 mg/kg) alone recorded
parasite clearances of 98.9% and 52.83%, respec-
tively. A combination of VAM/ART (125 mg/
kg/35.14 mg/kg) gave a lower parasite clearance
of 80.49%. A repeat of the combination at lower
dose VAM/ART (125 mg/kg/2.86 mg/kg) recorded
97.05%. ART/Amodiaquine (35.14 mg/kg/105
mg/kg) produced a parasites clearance of 89.69%.

Discussion

This present study had demonstrated the potentials
of ART to antagonize the antimalarial efficacy of
VAM in vivo model of P. berghei infected mice.
Emerging resistance posed by artemisinin
monotherapy, even the modern ACT has aroused
scientific attentions into their combination with
medicinal plants. Some benefits attributed to these
combinations include decreased cytotoxicity, delay,

or prevention of the development of drug resistance
as well as increase in potency and efficacy [16,17].

ART, a pro-drug of dihydroartemisinine, is the
most commonly used of all the artemisinin deriv-
atives, as approved by the WHO in curbing malaria
resistance to other conventional antimalarial drugs.
ART has been postulated to act by DNA damage
mediated by reactive oxygen species (hydroxyl rad-
icals, superoxide anions, and carbon-centered free
radicals) followed by alkylation of P falciparum
protein [18]. It exhibits rapid absorption and elim-
ination after oral and intramuscular administra-
tion [3]. Esterase-mediated hydrolysis and CYP2A6
enzyme followed by uridine diphosphate glucu-
ronosyltransferases into the active metabolite dihy-
droartemisinin has been known to be the chief met-
abolic process of ART [19].

From this study, VAM (group 5) elicited the
highest parasitemia clearance of 98.9%, which
substantiates its antimalarial potency than con-
ventional antimalarial agents. This is supported
by the study of Odeh and Usman [13] where VAM
elicited better antimalarial activity more than the
conventional antimalarial agents against various
plasmodium stains. Although its mechanism (s)
of antiplasmodial activity is yet to be established,
VAM had been established by various authors as
a promising antimalarial remedy against various
stains of plasmodium [14] due to its phytoconstitu-
ents, such as sesquiterpene lactones, especially the
highly oxygenated derivatives vernolide isolated
from its leaves which exhibited significant anti-
malarial activity against P. falciparum blood stages
in vitro [8]. According to Ijeh and Ejike [7], flavo-
noids, saponins, alkaloids and sesquiterpene, and
steroidal constituents in VAM mediated its antiplas-
modial activity. Metabolism of VAM extract using
Western blot and real time polymerase chain reac-
tion analyses in MCF-7 cells revealed a dose and
time-dependent induction of phase 1 (CYP3A4) and

Table 1. Effects of co-administration of ART and VAM on parasite clearance of P. berghei in murine models.

Treatment

Pre-treatment Post-treatment Clearance (%)

Percentage parasitemia

Group 1: Negative control, distilled water

Group 2: ART/VAM (35.14 mg/kg/125 mg/kg)

Group 3: ART (35.14 mg/kg)

Group 4: ART/Amodiaquine (35.14 mg/kg/105 mg/kg)
Group 5: VAM (125 mg/kg)

Group 6: ART/VAM (2.86 mg/kg/125 mg/kg)

13.06 +0.00 12.30 £ 0.02" 05.82
15.38+2.11 3.00+1.39” 80.49
15.50+1.44 7.30+2.83° 52.83
17.56 +1.08 1.81+1.10" 89.69
22.75+2.08 0.25+0.10” 98.90
16.94 +2.29 0.50 £ 0.29™ 97.05

Values are presented as mean = SEM, n = 4. *p < 0.05, **p < 0.01: Significantly different from baseline.
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phase 2 (microsomal epoxide hydrolase) enzyme
gene expression [20].

Combination of medicinal plants with conven-
tional drugs could cause interaction with drug
transporters thereby causing increase or decrease
in pharmacological activity [21,22]. Other studies
have also shown that concomitant administration
of synthetic antimalarials with or medicinal plants
produced adverse effects [23], since medicinal
plants also undergo pharmacokinetic processes
thereby affecting the outcome of synthetic drugs in
the body [24].

From this study, combination of ART and VAM
(35.14 mg/kg/125 mg/kg) (group 2) as well as
ART/VAM, 2.86 mg/kg/125 mg/kg (group 6) pro-
duced lower clearance of 80.48% and 97.05% as
against 98.9% produced by VAM alone. This sug-
gests a dose dependent antagonizing effect of ART
on the antimalarial efficacy of VAM. Thus, it would
not be appropriate to combine ART and VAM in
malaria therapy. The interaction of drug metabo-
lizing enzymes of ART with VAM aforementioned
could be responsible for the observed antagonism.
We suggest that reactive oxygen species generated
from the action of ART [18] may interfere with anti-
oxidants, especially flavonoids which could play a
significant anti-plasmodial role in VAM [25,26],
thereby causing a reduced efficacy of VAM. We also
hypothesis that the physicochemical nature of ART
could interfere with the proper absorption of VAM
thereby reducing its bioavailability or increase in
its half-life.

Contrary to this finding, a bioavailability study
on Dihydroartemisinin and VAM single dose in nor-
mal Wistar rats revealed a reduction in area under
curve (AUC). The authors suggested that the extract
components, like Zinc, could bind the drug and pre-
vent its transport from the intestine into the body
systemic circulation [27]. Similarly, a reduction in
bioavailability, increase in elimination process, and
clearance of dihydroartemisinin (the most potent
metabolite of ART) was observed following the
co-administration with Chrysolina sanguinolenta
and ART [28]. Also, a reduction in effectiveness of
ART was observed following its concurrent admin-
istration with aqueous extract of C. sanguinolenta
[29]. In a related study, the leaf extract of VAM sig-
nificantly altered the pharmacokinetic process of
chloroquine via reduced C max, AUC and elimina-
tion half-life [30]. On the other hand, the extract of
Ageratum conyzoides potentiated the antimalarial
activity of chloroquine and ART, probably due to

prolongation of elimination half-life [17]. Dose vari-
ability could account for differences observed in
this study and other authors cited above.

From this study, a parisitemia clearance of
52.83% was produced by ART at a dose of 35.14
mg/kg (group 3) as against the value 0f 89.6% found
when it was combined with Amodiaquine (group 4).
This suggests that Amodiaquine enhances the par-
asite clearance of ART. This is corroborated by the
study of Ajuik et al. [31] who reported that the com-
bination of ART and Amodiaquine, a potential com-
bination in Africa for malaria enhanced the treat-
ment efficacy in Gabon, Kenya, and Sénégal.

Conclusion

From this study, ART exhibited a dose-dependent
antagonism on the antimalarial efficacy of VAM.
Thus, malaria patients should avoid the consump-
tion of VAM soup while still on ART therapy. Also,
pharmacokinetic and safety evaluation of this com-
bination in murine model is recommended.
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