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ABSTRACT

Malaria parasites, Plasmodium spp, can develop resistance to anti-malarial drugs. Hence, potential
alternative therapeutic agents should be explored. This research aimed to investigate the anti-malarial
effect of a combination of Carica papaya and Moringa oleifera leaf extract. Peter’s test performed on Balb/c
mice to investigate the malarial parasite growth inhibition. Mice were infected with Plasmodium berghei by
intraperitoneal injection to provoke rodent malaria. After infection, we grouped every 5-6 mice into
different treatment groups, including a negative control group, a positive control group treated with
artesunate, a moringa group, a papaya group, and a combination therapy group. Treatments were initiated
3 hours after infection (day 0) and continued every day until day 3. On day 4, we examined a thin smear of
the tail vein blood for parasitemia to calculate the suppression rate. The result shows that the parasite
suppression rate of C. papaya leaf extract (CPLE) is 15.02 % (percent parasitemia 4.56+1.96), the
suppression rate of M. oleifera leaf extract (MOLE) is 17.32% (percent parasitemia 4.44+1.78) and that of
the combination extract (CE) is 28.73% (percent parasitemia 3.82+1.48). In conclusion, there is a synergism
of the anti-malarial effect of the combined leaf extract of C. papaya and M. oleifera.
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INTRODUCTION

Malaria is transmitted by the Anopheles
mosquito vector, which carries the Plasmodium
spp. parasite in its salivary glands and injects the
parasites into the human body during the blood
meal (CDC, 2020; Yusuf et al,, 2019). Malaria is
still a life-threatening disease, causing a high
number of deaths, especially among children in
endemic areas in Sub-Saharan Africa (WHO,
2021). As reported in the WHO World Malaria
Report 2020, several regions in Indonesia are
malaria endemic, with the total number of
malaria cases ranked second in Southeast Asia.
Most cases occurred in Papua Province (86%),
with 216,380 cases in 2019, followed by East
Nusa Tenggara (NTT) and West Papua
(Kemenkes RI, 2021)

Artemisinin-based combination therapy
(ACT) is the first-line drug for uncomplicated
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malaria since 2004 due to its greater efficacy in
treating the disease, reducing transmission in
endemic areas, and lowering rates of malaria
reinfection (Pousibet-Puerto etal.,, 2016). The use
of ACT also reduces the length of hospital stay,
increases the parasite clearance rate, and reduces
disease mortality. Artemisinin is produced from
the extract of the Artemisia annua plant
originating from China (Haq et al, 2020).
However, reports indicate the emergence of
artemisinin-resistant strains, reducing efficacy in
malaria treatment (Phyo et al., 2012). Therefore,
it is necessary to search for alternative medicinal
compounds that can inhibit the growth of malaria
parasites.

Indonesia is rich in natural resources,
including various plants used as traditional
medicine. Some medicinal plants in Indonesia
that have been extracted and tested for their anti-
malarial effects are papaya, bitter, cocoa bean,
clove flower, and Moringa (Rehena, 2010;
Veronica et al, 2020; Septiana et al, 2017;
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Faisal et al, 2013). Among these plants, papaya
(C. papaya L.) and Moringa (M. oleifera) are easy
to obtain because locals in Makassar, South
Sulawesi, cultivate them. Studies have reported
that papaya leaf extract inhibits Plasmodium
falciparum's growth in vitro (Rehena, 2010) and
Plasmodium berghei in vivo (Indah, 2010).
The crude papaya leaf ethyl acetate isolate
has  an excellent anti-plasmodial effect against
P. falciparum and resistant strains of P.
falciparum (Melariri, 2011). C. papaya leaf extract
also enhanced the anti-malarial effect of
artesunate (Oraebosi & Good, 2021). While the
seeds of the Moringa plant have been widely used
as an alternative anti-malarial treatment in
several African countries with low toxicity
(Hermanto et al.,, 2013; Obediah & Obi, 2020), a
study reported that the Moringa leaf extract has
an inhibitory effect on the growth of P. berghei
when combined with Artemisinin (Veronica et al.,
2020; Somsak et al, 2018). These two extract
compounds are thought to have similar
flavonoids, such as quercetin and kaempferol,
that have antioxidant effects against Plasmodium
(Melariri, 2011; Bezerra, 2023). However, the
specific mechanism of these two extracts is still
unclear.

There may be a synergistic effect of both
extracts. A synergistic effect is an increased
parasite suppression rate when two drugs are
used together rather than a single drug (Oraebosi
& Good, 2021; Rasoanaivo et al, 2011).
Combination therapy in treating malaria is
essential to prevent the development of drug-
resistant parasites. Therefore, we aimed to
investigate  the anti-malarial effect of
administering the leaf extract of C. papaya in
combination with the leaf extract of M. oleifera.
We hypothesized that combination therapy has a
better parasite suppression rate than single
therapy.

MATERIALS AND METHODS
Materials
Chemicals and Animal Experimental

We obtained a cryopreserved stock of P.
berghei strain ANKA from Prof. Laurent Renia at
the Agency for Science, Technology, and Research
(A*STAR) in Singapore with the permission of
Professor Syafruddin from Eijkman Insitute for
Molecular Biology and Dr. Puji Setia Budi Asih from
National Innovation and Research Agency (BRIN)
to induce the Plasmodium infection. We purchased
the pure artesunate powder from Shandong
Natural Micron Pharm Tech. The artesunate was
dissolved in 0.5% CMC to administer 6 mg/kg BW
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to the control positive group. We obtained six to
eight-week-old Balb/c mice weighing 20-30 g from
Gold Mice Farm. The mice were acclimatized in the
animal room for one week before the experiment.
They were housed at a temperature of 25-28°C and
provided with standard diet pellet AD I and
drinking water. All experiments were approved by
the Ethical Committee of the Faculty of Medicine at
Hasanuddin University (Document number:
764/UN4.6.4.5.31/PP36/2022).

Plant Materials

We obtained local variants of C. papaya and
M. oleifera from Kebun Edukasi Kelor (Moringa
Education Garden) in Makassar, South Sulawesi
province. The Department of Biology, Faculty of
Mathematics and Natural Sciences, Universitas
Negeri Makassar, identified the plant materials,
and the herbarium was deposited in the
Department of Parasitology, Faculty of Medicine,
Universitas Hasanuddin.

Methods
Preparation of Methanol Crude Extracts

The extraction of moringa leaves and
papaya leaves was performed using maceration.
Each 100 g of Moringa leaf and papaya leaf
simplicia was extracted using 1L of 100%
methanol (Pro analysis, Merck, Germany) (1:10).
Maceration was carried out at room temperature
(25°C) for 5 days with daily stirring. Filtration was
carried out using Whatman filter paper (GE
Healthcare Life Sciences, size 41, diameter 110
mm) on a Buchner funnel (diameter 150 mm)
using a vacuum pump (airflow capabilities 0,65
L/min; vacuum 29 Hg). Solvent evaporation was
done using a rotary evaporator (Heidolph G3,
Schawabach, Germany) at 60°C with a rotation
speed of 80 rpm until a thick extract was obtained.
The evaporation of the solvent was continued in
the water bath. Remaceration was performed
using the same method. All extracts obtained were
weighed to obtain a percentage yield.

Anti-malarial activity test

The extract’s efficacy was evaluated using
Peter’s 4-day suppressive test by injecting the mice
with  1x107 infected red blood cells
intraperitoneally from the donor mice. The
parasite stock was injected intraperitoneally into
Balb/c mice as the donor. Parasitemia was
determined by microscopy of Giemsa (Sigma-
Aldrich) stained blood smear. A drop of tail vein
blood was taken to make the thin blood smear and
then fixed with methanol (Pro analysis, Merck,
Germany) before staining with Giemsa 3% for

101



Yenni Yusuf

30 minutes. Parasitemia was calculated as a
percentage of infected erythrocytes per one
thousand erythrocytes (Fentahun S et al., 2016).

The mice were then divided into several
groups, including the negative control group,
positive control group treated with artesunate, M.
oleifera group, C. papaya group, and the
combination therapy group (Table I).

The extract was administered orally 3 hours
after parasite injection on day 0 to the treatment
groups. The solvent was administered to negative
control mice whereas 6 mg/kg BW artesunate was
administered to positive control mice. The
treatment was continued once daily every 24 hours
for three days (days 1-3). On day 4, a drop of tail
vein blood was taken to make a thin blood smear
for parasitemia analysis. The formula for
calculating the percentage of suppression is as
follows (Philipsson, 1991)

n — Pt

x 100

Notes: Pn = parasitemia of the negative control
group (average); Pt = parasitemia of the treated
group (average)

parasite suppression (%) =

Data analysis

Graphpad prism® was used to analyze this
study. Parasitemia results were expressed as mean
+ standard error of the mean (SEM). An unpaired t-
test was used to compare the two groups, and
significant differences were considered at 95%
confidence, P < 0.05

RESULTS

After a consecutive four-day treatment since
parasite injection, the blood smears of the mice
were evaluated for parasitemia. The average day-
4-parasitemia rate was compared between the
treated and negative control groups (Table II).
From table II, it is shown that the average of
parasitemia in mice given a combination of therapy
was lower than those given either CPLE or MOLE
only (3.82+1.48 VS 4.56+1.96 and 4.44+1.78). Even
though the differences in parasitemia between the
combination group and CPLE only or MOLE only
were not statistically significant (p=0.7725 and
p=0.8320, respectively).

Although the parasitemia differences were
statistically insignificant, the parasite suppression
rate of the combined extract was almost double
that of the single extract (Figure 1). The percentage
of parasite suppression of CPLE was 15.02 %,
whereas MOLE achieved a 17.32 % suppression
rate. The suppression rate achieved by
combination therapy was 28.74 %. The parasite
suppression rate of the combined extract was
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almost double that of the single extract (Figure 1).
An enhancement of effect by combining two drugs
means a synergistic effect (Oraebosi & Good,
2021). Therefore, our result infers that there may
be synergistic actions of active compounds in
MOLE and CPLE.
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Figure 1. Suppression rate of Plasmodium
berghei in mice. Mice (n=4-5) were infected
with 107 iRBC and then administered with the
extract or artesunate. The average
parasitemia of the treatment group was
compared with the solvent group to calculate
the suppression rate. CPLE: C. papaya leaf
extract; MOLE: M. oleifera leaf extract.

The parasite suppression rate of the
artesunate was 86.49% (Figure 1). Compared with
the artesunate, the parasitemia rate of the mice
given the combination therapy was much higher
(3.82 vs 0.73 but not significantly different
(p=0.1049) (Table II).

DISCUSSION

In this study, 200 mg/kgBW of CPLE and
200 mg/kgBW of MOLE demonstrated a higher
parasite suppression than the single extract
administration. A study reported that the average
parasitemia of mice treated with 350 mg/kg BW of
CPLE on day 3 was around 25 % (Okpe etal., 2016),
which was much higher than the parasitemia in the
current study. On the other hand, Harapan et al.
(2015) reported that the average percent
parasitemia in mice given 3.75 mg of MOLE was
about 3.8 % on day 3. This dose may reduce the
inflammation in cerebral malaria by decreasing the
expression of NF-KkB.

An enhancement of effect by combination of
two drugs means a synergistic effect (Oraebosi &
Good, 2021). Here, our result demonstrated that
there may be synergistic actions of active
compounds in MOLE and CPLE. Several
compounds in MOLE that may have anti-malarial
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Table 1. Experimental group

Group Treatment* Dose

Negative control CMC 0,5 % 100 uL

Positive control artesunate 6 mg/kg BW
Papaya group C. papaya leaf extract (CPLE) 200 mg/kg BW
Moringa group (MOLE) M. oleifera leaf extract (MOLE) 200 mg/kg BW
Combination group C. papaya leaf extract and M. oleifera leaf extract 200 mg/kg BW1!

(CPLE+MOLE)

*Each extract was given in 200 mg/kg BW

Table II. Average of parasitemia between groups

Group % Parasitemia (mean +SEM)
CMC 5371+ 1.72
CPLE 4.56 £ 1.96
MOLE 444+ 178
CPLE+MOLE 3.82 £ 1.48*
artesunate 0.73 + 0.08*

Notes: Mice (n=4-5) were infected with 107 iRBC and then administered with the extract or artesunate for
four days. On day 4, the parasitemia rate was calculated. CMC: the solvent; CPLE: C. papaya leaf extract;
MOLE: M. oleifera leaf extract;*not significantly different

properties are flavonoids, alkaloids, quercetin, and
kaempferol (Lehane & Saliba, 2008; Ezenyi et al,,
2014; Somsak et al, 2018), whereas in CPLE
are alkaloids, carpaine, and flavonoid (Atanu
et al,2021; Sannella et al, 2019; Teng et al,
2019).

It is suggested that pharmacodynamic
synergy could be achieved better by the
combination of whole plant extract rather than the
combination of single compounds of each plant
(Rasoanaivo et al, 2011). In addition, studies have
reported that combining artesunate with MOLE or
artesunate with CPLE achieved better parasite
suppression than artesunate only (Somsak et al.,
2016; Oraebosi & Good, 2021). Therefore, we
expected a better effect with two crude extracts.
However, we did not achieve this expectation. The
artesunate administration showed a much higher
suppression rate compared with the combined leaf
extract. We assume that optimization of doses may
improve the result of the combined extract.

The anti-malarial properties of moringa
leaves might be associated with several plant
flavonoids, such as apigenin, kaempferol, rutin, and
quercetin, that have been reported to have a
potential for parasite inhibition. However, the
exact mechanism remains unknown (Bezerraetal,,
2023). It is reported that these two extracts have
antioxidant and immunomodulatory properties
derived from flavonoids, such as quercetin and
kaempferol, which may improve any damages
caused by free radical production due to
Plasmodium infection (Melariri, 2011; Bezerra,
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2023). In addition, several properties in papaya
leaves, such as flavonoid, tannin, terpenoid, and
polyphenol, might have enzyme inhibitory effects
that inhibit some of the parasite's key enzymes
(Oraebosi & Good, 2021). However, since these two
extracts' specific mechanism of action has not been
identified, further research is required to review
the inhibitory mechanism of both extracts against
Plasmodium specifically.

One limitation of this study is that only one
dose of each extract, 200 mg/kgBW, was applied
because several studies previously have reported
that the dose of 200 mg/kg CPLE (Mulisa et al,
2018) and 100 mg/kg BB MOLE actively
suppressed the parasite growth in mice (Dondee et
al, 2016). However, chloroquine rather than
artesunate was the standard drug used in both
studies. Therefore, we need to evaluate several
combinations of doses in future studies.

Despite the limitation of this study, we
demonstrate that the combination of leaf extract of
M. oleifera and C. papaya has the potential to be an
alternative anti-malarial drug that is worth further
investigation.

CONCLUSION

Although the percentage of malaria parasite
suppression of the combination of C. papaya leaf
extract and M. oleifera leaf extract is relatively
low, there could be synergistic anti-malarial
actions of their active compounds. It is necessary to
evaluate the best combination of doses of the
extracts.
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