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ABSTRACT

Background: Malaria treatment in Africa is increasingly becoming difficult resulting from Plasmodium falciparum
resistant to available antimalarial agents. Therefore, evaluating plants used in traditional medicines can lead to
alternative treatment against malaria.

Methods: This study evaluated the antiplasmodial activity of ethanol extract of Dacryodes edulis in chloroquine
sensitive Plasmodium berghei NK65 strain in mice. The 4-day suppressive test, repository and curative effect against
established rodent malaria infection models were assayed in this study. The oral acute toxicity test and phytochemical
screening were also carried out on the ethanol leaf extract.

Results: The ethanol leaf extract of Dacryodes edulis (D. edulis) at varying doses of 100 mg/kg, 200 mg/kg, 400 mg/kg
significantly (p<0.05) exhibited dose-dependent decrease in parasitaemia at suppressive, repository and curative studies.
Chloroquine 10 mg/kg significantly (p<0.05) decreased parasitaemia levels in the three models of malaria infections.
The antiplasmodial activity of the leaf extract is comparable with the standard drug. The extract was found to be non-
toxic acutely in mice.

Conclusions: The findings show that D. edulis ethanol leaf extract demonstrated high antiplasmodial activity in a dose-
dependent fashion. Thus, supporting claims of the plant traditional therapeutic importance for malaria treatment, and
can be developed as an alternative therapy against the disease.
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INTRODUCTION

Malaria is a widespread parasitic infection ravaging
different parts of the world, especially within tropical and
subtropical regions. It is estimated that malaria infects over
500 million humans annually and causes more than 2
million deaths in children.® More than 40% of the world
population lives in endemic environments, especially in

equatorial areas that favour the growth of mosquitoes.®?
The most devastating manifestation of malaria in man is
caused by Plasmodium falciparum. The parasite has
resisted virtually all antimalarial drugs in use, making
resistant strains spread fast.>* Resistance to these agents
has become a major challenge facing malaria control in
developing countries. More recently, attention generated
by drug-resistant Plasmodium falciparum strains has led to
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growing interest in research for antimalarial remedies.
Natural products from plants, have maintained an
important source of new agents against malaria.>®
Therefore, there is an urgent need to thoroughly examine
these natural habitats from different communities possibly
through discoveries that might be useful to mankind.”

However, in traditional medicine, herbal agents have been
prescribed as an intervention in malaria treatment.
Different traditionally used plants exhibit pharmacological
properties with potential for therapeutic applications in the
treatment of malaria and its disorders.® Hence, studies on
plants together with their beneficial effects could provide
leads, for the synthesis of essential active metabolites.

D. edulis is a shade loving, dioecious, evergreen tree found
in the humid tropical zone of the non-flooded forest.>° It
is indigenous to the Gulf of Guinea and widely cultivated
in other tropical parts of Africa. This plant which belongs
to the family Burseraceae possesses many medicinal and
nutritional properties. In Nigeria, when is in season, the
fruit pulp which is contained in a pod is traditionally
consumed raw or after tenderization in hot water, hot ash
or roasted.™ Sometimes, it may be enjoyed with roasted or
boiled corn.*?

D. edulis is commonly known as ‘African pear’, it is
known as eben among the Efik people and orumu in Benin
both in South-South, Nigeria, ube in Igho (South-Eastern
Nigeria), elemi in Yoruba, South West and safou in
French.*34 The plant has long been used in the traditional
medicine of some African countries to treat various
ailments such as wounds and scars, malaria, fever and skin
diseases.’>'" The leaf extract and its secondary metabolites
have been found to show biological activities such as
antimicrobial, antioxidant and anti-sickle cell anaemia.*8-2*

However, the interest in D. edulis was justified by its
application in the treatment of different diseases.
Therefore, this study aimed aim to evaluate the
antiplasmodial activity of the ethanol leaf extract of D.
edulis in mice.

METHODS
Preparation of plant extract

The leaves of D. edulis were collected from the African
peer tree in Calabar, Cross River State, Nigeria. The plant
was identified by a taxonomist at the herbarium unit,
Department of Botany, University of Calabar, Nigeria.
Five hundred grams (500 g) of leaves were washed and
shed-dried in the laboratory for 7 days at room temperature
pulverized to a coarse powder, macerated for 48 h in 1.5 |
of 98 per cent ethanol and left overnight. The mixture was
then filtered and evaporated to semi-solid mass using a
rotary evaporator (Brichi, Germany) and subsequently
dried in a beaker on a water bath to give a dark resinous
mass.

Phytochemical analysis

The ethanol leaf extract of D. edulis was subjected to qualitative
phytochemical analysis to determine the secondary metabolites
following the procedure as described by Billmary et al.?

Acute toxicity studies

The acute oral toxicity of the leaf extract was invested using
Lorke’s (1983) method.® This study was in two phases and
mice were deprived of food overnight before extract
administration. In phasel, three groups of three animals
per group were used. The extract was orally given in
increasing doses of 10 mg/kg, 100 mg/kg and 1000 mg/kg.
Animals treated were monitored for signs of toxicity in the
first 4 hours and after 24 hours. With the absence of death
after 24 hours, phase 2 was introduced. Three groups of
one mouse were each given the extract orally at doses of
1600 mg/kg, 2900 mg/kg and 5000 mg/kg. The animals
were then observed for signs of toxicity and mortality for
24 hours and 48 hours respectively.

Animals

Male and female mice (18-22 g) obtained from Animal
House, Department of Pharmacology, Faculty of Allied
Medical Sciences, University of Calabar, were used for the
study. The males were separated from the females and
maintained under standard laboratory conditions of 25-30
°C, 12-hour light and 12-hour darkness cycles. The mice
were maintained in clean cages with sawdust, which was
replaced every two days and had access to a pellet diet,
water when needed. The study was approved by the
institutional ethics committee of (University of Calabar)
(Approval No FAREC/PA/012PA3116). The animals
were randomly distributed into experimental groups.
National Institute of Health Guide for care and use of
laboratory animals was used. %

Anti-plasmodial study
Plasmodium berghei

The NKB65 sensitive chloroguine P. berghei infected mice
were sourced from National Institute for Medical Research
(NIMR), Lagos. They were kept in the Pharmacology
Department Animals House unit, University of Calabar.
The parasites were maintained by a continuous
intraperitoneal passage in mice every four days, and the re-
infected mice were used for the study.?

Inoculums

Infected red blood cells from the donor mouse were
collected through cardiac puncture after anaesthesia with
chloroform. Microscopic examination of smeared and
stained thin blood film was used to establish parasitaemia.
Each mouse was intraperitoneally passaged with 0.2 ml
(1x107) parasitized erythrocyte suspension in saline from
the donor mouse.
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Suppressive test

Thirty adult mice of both sexes were selected and
passaged. After six hours, the infected mice were
randomly divided into five groups of six mice each which
include three test groups receiving graded doses of 100
mg/kg, 200 mg/kg and 400 mg/kg respectively, the ethanol
leaf extract of D. edulis.

The P. berghei control group received 20 ml/kg normal
saline, while mice in the chloroquine diphosphate control
group were administered with 10 mg/kg. These animals
were treated orally for 4 days (Do—D3). On day 5 (Da), the
films were prepared from the tail blood of each mouse, and
parasite concentration was examined microscopically,
counting the parasitized red blood cells on 1000 red blood
cells in 10 different fields. Inhibition of parasitaemia was
then evaluated.®

Prophylactic study

This study was carried out according to the methods
described by Essien et al,® Thirty albino mice of both sexes
selected for this study were grouped into 5 of 6 mice per
cage. Group 2-4 were treated orally with graded doses of
100 mg/kg, 200 mg/kg, and 400 mg/kg of the ethanol leaf
extract for four days (Do-Ds); whilst groups 1 and 5
received 20 ml/kg of normal saline and 10 mg/kg of
chloroquine diphosphate respectively. On the last day of
treatment (Ds4), mice in all groups were injected
intraperitoneally with P. berghei infected erythrocyte
suspension. After 72 hours, films were prepared (as earlier
described) and examined microscopically.

Curative test

Thirty (30) mice of both sexes were intraperitoneally
passaged with standard inocula of 1x107 Plasmodium
berghei infected erythrocytes for 72 hours. Thereafter,
they were randomly grouped into 5 with 6 mice per group
and treated daily with different doses of the extract (100
mg/kg, 200 mg/kg and 400 mg/kg) respectively for 3 days.
P. berghei infected control group received 20 ml/kg of
normal saline, while mice in the chloroquine diphosphate
control group received 10 mg/kg. All administrations were
by oral route. Films were later prepared and viewed to
determine the parasite density. Mortality was monitored
daily for mean survival time (MST) and the number of
days from the time of inoculation of the parasite up to
death was recorded for each mouse in the extract-treated
and control groups throughout the follow-up period (Do-
ng)_27

Statistical analysis

Data were expressed as means=SEM and analyzed with a
statistical package for social sciences (SPSS version 26)
by using a one-way analysis of variance (ANOVA)
followed by Dunnett’s post hoc test. Results were
considered significant at p<0.05.

RESULTS
Phytochemical screening

Preliminary phytochemical screening of the ethanol
extract of D. edulis leaf showed that alkaloids, saponins,
glycosides, polyphenol, tannins, flavonoids, reducing
sugars were present.

Acute toxicity

There were no signs of toxicity observed after oral
administration of the ethanol extract, indicating that the
acute toxicity test was greater than 5000 mg/kg in mice.
Thus, the experimental doses used were relatively safe in
mice.

Suppressive response

The leaf extract showed suppressive activity in a dose-
dependent manna. Doses used exhibited significant
(p<0.05) dose-dependent antiplasmodial activity. D. edulis
ethanol extract caused 78%, 83% and 88% antiplasmodial
activity respectively, while chloroquine produced 92%
chemosuppressive activity (Table 1).

Table 1: Suppressive activity of the ethanol leaf
extract of D. edulis in mice infected from P. berghei.

Mean %
parasite Suppress-

density ion

Normal saline

(ml/kg) 20 32.75+1.42 -
100 7.25£0.28  78°

D. edulis 200 5.65+0.33 83?
400 3.87£0.24  88°

Chloroquine 10 255+0.31 920
Results are expressed as mean+SEM; (n=6); 3significantly
different from control at p<0.05.

Prophylactic response

The ethanol extract exhibited a dose-related effect at
different doses used. Doses of 100 mg/kg, 200 mg/kg and
400 mg/kg significantly (p<0.05) prophylactically halted
replication of P. berghei parasites at 77%, 85% and 93%
respectively, while chloroquine 10 mg/kg showed 93%
parasites inhibition (Table 2).

Curative response

The extract exhibited a significant dose-dependent
reduction in parasite density. The doses of D. edulis ethanol
leaf extract (100 mg/kg, 200 mg/kg and 400 mg/kg)
exhibited significant (p<0.05) effect against established P.
berghei infection comparable to the effect exhibited in
chloroquine treated group; whilst in the negative group,
there was a consistent increase in the blood parasites (Table
3). The survival rate among the mice also reflected dose-
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dependent response and showed that the extract
significantly (p<0.05) cleared the parasites in established
infection. In no drug-treated control group, death was
observed in mice from day 9, and by day 12 all mice in that
group died. But the extract-treated mice survived above 22
days. In addition, few mice in 200 mg/kg and 400 mg/kg
of the extract-treated survived the 30-day observation
period, whereas chloroquine treated recorded no mortality.

Table 2: Prophylaxis activity of the ethanol leaf
extract of D. edulis in mice infected from P. berghei.

[0)

DOSC :;/;.elg.rS]Ite S/Elppress_

(Mg/kg) densit ion
Normal saline
(ml/kg) 20 30.25+1.15 -

100 6.85+0.33 772
D. edulis 200 4,58+0.11 852

400 3.48+0.29 802

Chloroquine 10 2.10£0.22 93?
Results are expressed as meant+SEM; (n=6); 3significantly
different from control at p<0.05.

Table 3: The curative activity of the ethanol leaf
extract of D. edulis in mice infected from P. berghei.

Mean

parasite Parasite
density density (D7)
Normal saline 30.25+4.58 33.66+0.23
(ml/kg)
100 30.15:0.75 10.78+059°
D. edulis 200 29.65:051 8.70+0.26°

400 28.87+0.33  6.30+0.622
Chloroquine 10 28.75+0.31 3.14+0.442
Results are expressed as meanzSEM; (n=6); 3significantly
different from control at p<0.05

Table 4: Mean survival time in days of ethanol leaf
extract of D. edulis against P. berghei in mice during
curative study.

T — Dose Mean survival time in
(mg/kg)  days

Control 20 10.10+0.96
100 22.45+1.65%

D. edulis 200 27.33+0.68°?
400 29.43+0.18°?

Chloroquine 10 29.52+0.002
Results are expressed as meanzSEM; (n=6); 3significantly
different from control at p<0.05.

DISCUSSION

Malaria is one of the most prevalent diseases in the tropics
with high mortality. However, with the current increase in
parasite drug resistance, there is an urgent need to look for
alternative agents for malaria treatment. The ethanol leaf
extract of D. edulis showed antiplasmodial activity against

P. berghei infection in mice as shown by percentage
parasite inhibition. The extract decreased the parasite
density in mice during the four-day suppressive test which
suggests the leaf extract suppressive effect on the blood
stage of the parasite comparable to that of standard
antimalarial drug, chloroquine. D. edulis extract exhibited
dose-dependent activity, as the dose increased
antiplasmodial activity also significantly increased.

The extract also exerted a significant repository effect in
mice. This effect was however lower in groups that
received low doses. This activity may probably be due to
the short duration of action of the ethanol extract caused
by rapid metabolism and so the parasite could not be
cleared. The ethanol leaf extract of D. edulis also
significantly exhibited curative activity in established
infection. The antiplasmodial activity of the leaf extract is
consistent with the traditional application of the plant in
herbal medicine against malaria infection in South-Eastern
Nigeria. The rodent method of malaria which was
employed in the present study for the prediction of potent
antimalarial activity of D. edulis leaf extract was also used
for conventional antimalarial drugs such as chloroquine,
lumefantrine and artemisinin derivatives.?® P. berghei are
used in the prediction of treatment outcomes, thus, it was
an appropriate parasite for this study. Since P. berghei was
sensitive to chloroquine, it was used as the referenced drug
in this study. Chloroquine is clinically used for
suppressive, prophylactic and curative treatment of
malaria, except for resistant strains of P. falciparum.® This
agent destroys plasmodia by preventing the digestion of
haemoglobin, and blocking the source of the parasite
amino acids, or by inhibiting hem polymerase to prevent
the production of hemozoin, a protective medium against
autolysis.  Although chloroquine  showed higher
suppressive, preventive and curative activities by its
decrease in the parasite density, D. edulis leaf extract also
exhibited similar antiplasmodial activity however to a
lower level. More so, the leaf extract also enhanced the
mean survival period of treated mice especially the 400
mg/kg treated extract group. The antiplasmodial activity of
the leaf extract might be due to the presence of secondary
metabolites variously implicated in the antiplasmodial
activity of different medicinal plants.?” In this study, the
leaf extract of D. edulis did not show any toxic effect
because doses up to 5000 mg/kg caused no death or alter
the behaviour of the tested mice. Natural products with the
observed activities have been reported to provide relief for
patients with malaria attacks.®

CONCLUSION

The findings of this study support the ethnomedicinal
application of this plant in the treatment of malaria and its
disorders. More study is needed on D. edulis to determine
the active component that generates antiplasmodial
activities. Further studies on the purification of the leaf
extract to isolate the bioactive metabolites and their
structures must be elucidated.
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