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ABSTRACT

Malaria remains a critical global health concern, particularly in sub-Saharan Africa, where
Plasmodium falciparum accounts for the majority of infections and fatalities. With increasing
resistance to the current antimalarial treatments, including artemisinin-based combination
therapies (ACTs), there is growing interest in exploring natural remedies, especially plant-derived
alternatives. The current study investigated the in-vitro antiplasmodial activity of aqueous leaf
extracts of Mangifera indica (mango). Phytochemical evaluation of the leaf extract revealed the
presence of flavonoids, tannins, saponins, and terpenoids, compounds with known
pharmacological relevance. The extract showed a reduction in parasitemia in the culture based on
different concentrations, achieving a maximum inhibition rate of 93% at 10 mg/ml, comparable to
that of the artemether control (96%). The study's findings revealed that M. indica leaf extract
holds promise as an affordable and effective candidate for the development of antimalarial drugs.
Further investigations should focus on isolating specific active compounds, elucidating their
mechanisms of action, and conducting in vivo validation studies, which are highly recommended.
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INTRODUCTION exploring ethnomedicinal resources for new
antimalarial ~ drugs.  Mangifera indica,
commonly referred to as mango, is a tropical
tree from the Anacardiaceae family and has
been traditionally used in various cultures to
treat ailments including fever, gastroenteritis,
malaria, and diabetics (Akinmoladun et al.,

Malaria is one of the most serious parasitic
diseases caused by protozoans of the
Plasmodium genus, with P. falciparum being
the most lethal. The World Health
Organization's 2023 report revealed that
approximately 246 million malaria cases and 2007: Maharaj et al., 2022; Shah et al., 2010-
569,000 deaths occurred globally in 2023, s .
. . . . Airoadion et al., 2021).

with the African region accounting for over

95% of these figures. Despite substantial  Recently, other pharmacological studies have
global efforts, the emergence of drug-resistant  reported that mango leaf extracts possess

strains has compromised the effectiveness of  antioxidant, antimicrobial, and anti-
existing treatments, particularly artemisinin-  inflammatory activities (Sharma et al., 2018;
based combination therapies (ACTs) (Dondorp Sabina and Sharma). However, despite its
et al., 2009; Muhammad et al., 2024). widespread traditional use, the antiplasmodial

activity of M. indica leaves has not been
thoroughly documented. The current study set
out to explore the phytochemical constituents

Historically, many frontline antimalarials, such
as quinine and artemisinin, have been derived
from medicinal plants (Phillipson & Wright,
1991), which spurred continued interest in
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and the potential in-vitro antiplasmodial effect
of M. indica leaf extract against P. falciparum.

MATERIALS AND METHODS
The Blood Samples

Blood samples (positive and negative) for
Plasmodium falciparum were obtained from
the Hematology Department of Aminu Kano
Teaching Hospital, Kano, Nigeria, with ethical
clearance and consent from  hospital
authorities. Both the positive and negative
blood samples were collected and immediately
transferred into EDTA bottles, then stored at
4°C, as demonstrated by Decie and Lewis
(1968), Stephen and Frank (1985), and Herber
and Stoeppler (1994).

Plant  Collection, Identification, and
Preparation
Fresh leaves of Mangifera indica were

harvested from the Biological Garden of Yusuf
Maitama Sule University, Kano. The plant was
identified and authenticated by a certified
taxonomist from the Department of Biological
Sciences, and a voucher specimen was
deposited under reference number
YUMSUKHAN. Leaves were shade-dried at
room temperature for 3—7 days, then ground
into a fine powder using sterilized mortar and
pestle (Harborne, 1998; Evans, 1996).

Extraction of the Leaves powder

Fifty grams (50 g) of the powdered leaf
material was macerated in 500 ml of distilled
water for 24 hours at ambient temperature
with intermittent shaking. A Whatman filter
paper was used to filter the solution, and the
filtrate was stored in a sterile container for
subsequent use in phytochemical screening
and bioassays (Osuntokun & Olajubu, 2014;
Sofowora, 1993).

Phytochemical Screening

The Phytochemical analysis of the aqueous
extracts was carried out to determine the
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presence of bioactive compounds (Talari &
Nanna, 2016) using standard qualitative
methods (Trease & Evans, 1996; Harborne,
1998). Tests for alkaloids, flavonoids,
saponins, tannins, terpenoids, phenols, and
glycosides were performed following widely
accepted protocols (Masilamani et al., 2022).

Staining and Parasites Screening:

Thin smears were prepared from test blood
samples using a sterile capillary tube. One
drop of blood was placed on a grease-free
slide, smeared at a 45-degree angle, and air-
dried. Methanol was used to fix the blood stain
for 15 minutes, stained with Giemsa stain for
an additional 15 minutes, and then examined
under an oil immersion microscope. P
falciparum trophozoites were identified by
their characteristic ring forms, which were
stained blue. The density of parasitemia was
determined by counting infected red blood
cells (RBCs) among a minimum of 1,200
RBCs across eight fields using 100x%
magnification (Cheesbrough, 2006).

Erythrocytes Separation

Erythrocytes were separated from whole blood
via centrifugation at 2,500 rpm for 15 minutes.
The plasma was removed, and normal saline
was used to wash the erythrocyte pellet and
resuspended to the desired concentration for
culture (Thompson et al., 1984).

The Test Concentrations Preparation:

A stock solution was constituted by dissolving
1 g of the aqueous extract in 1 ml of dimethyl
sulfoxide (DMSO). From stock, serial
dilutions were conducted to  obtain
concentrations of 10 mg/mL, 5 mg/mL, 2.5
mg/mL, and 1.25 mg/mL (Irokanulo, 2017)
using normal saline, selected based on
preliminary screening for antiplasmodial
activity (Muktar et al., 2006).
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Preparation of Culture Media (RPMI 1640)

RPMI-1640 culture medium was prepared by
dissolving 10.4 g of powdered media in 1 liter
of distilled water, which was then sterilized by
autoclaving at 121°C for 15 minutes. The
medium was augmented according to standard
cell culture practices (Trager & Jensen, 1976).

The Anti-plasmodial Assay of the Extracts
on Plasmodium falciparum

Equal volumes (0.5 ml each) of extract and
culture medium were placed into labeled test
tubes. A 0.1 ml of P. falciparum-infected
erythrocytes was added to each tube. The
mixtures were incubated in a candle jar to
simulate a low-oxygen environment (95% Na,
2% 02, 3% CO2) at 37°C for up to 72 hours.
Control setups included untreated infected
blood (negative control) and infected blood
treated with artemether (positive control).
After 24, 48, and 72 hours, thin blood films
were prepared from each test tube and fixed in
methanol, then stained with Giemsa for
microscopy.

Determination of Antimalarial Activity
The antiplasmodial activity of the extract was
assessed by calculating the reduction in
parasitemia using the formula described by
Muktar et al. (20006).

M- 100

Percentage Elimination =

where N1 is the number of infected
erythrocytes in the control group and

N2 is the number of infected erythrocytes in
the test group

The degree of inhibition served as a measure
of the extract’s antimalarial efficacy. High
inhibition  percentages indicated  more
substantial antiplasmodial potential (Clarkson
et al., 2004; Pandey & Rizvi, 2009).
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Data Analysis

Descriptive data analyses were employed to
analyze the collected data.

RESULTS
Phytochemical Composition

Phytochemical  analysis  revealed that
Mangifera indica leaves contain flavonoids,
tannins, saponins, and terpenoids, as shown in
table 1 below:

Table 1: Result of Qualitative Phytochemical
Analysis of the aqueous Mangifera indica

Leaf extract.
S/N  Phytoconstituent Inference
1 Alkaloids Absent
2 Flavonoids Present
3 Tannins Present
4 Saponins Present
5 Terpenoids Present
6 Phenols Absent
7 Cardiac Glycosides Absent

In-Vitro Anti-Plasmodial Activity

The aqueous leaf extract of Mangifera indica
exhibited a concentration-dependent inhibition
of Plasmodium falciparum growth in vitro.
The highest level of parasite clearance was
observed at 10 mg/ml with a suppression rate
of 93%, closely comparable to the artemether
control group, which showed 96% clearance.
At concentrations of 5 mg/mL, 2.5 mg/mL,
and 1.25 mg/mL, inhibition rates were 84%,
72%, and 60%, respectively; the results are
shown in Table 2 below.

DISCUSSION

Phytochemical  analysis  revealed  that
Mangifera indica leaves contain flavonoids,
tannins, saponins, and terpenoids, which are
known to exhibit antimicrobial and anti-
plasmodial properties, contrary to the work of
(Ahmed et al., 2024; Abera et al, 2024),
whose analysis of Mangifera indica leaf
revealed the presence of alkaloids, saponins,
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steroids, tannins, phenols, terpenoids, and
cardiac glycosides. Similar studies (Iverson &
Dervan, (2014); Okolie & Kristhien (2019)
revealed the absence of flavonoids and
attributed it to the geographical location of the
plant, the extraction method of the extract
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adopted, and also the solvent used, as
explained by (Nawaz et al, 2022). In the
current study, the absence of alkaloids and
anthraquinones suggests that the observed
anti-plasmodial activity may primarily be
attributed to flavonoids and terpenoids.

Table 2: The concentration-dependent antiplasmodial activity of Mangifera indicana leaf extract.

Initial Extract o o .. . Average
. . . Parasitemia Parasitemia Parasitemia .
Sample  Parasitemia Concentration after 24h after 48h after 72h Suppression
(%) (mg/ml) (%)
Mangifera 5 10 55 48 42 93%
indica
5 57 52 47 89%
2.5 60 56 51 85%
1.25 62 60 58 78%
Control 58 - 58 53 47 96%

The results support the potential of Mangifera
indica leaf extract as a treatment for malaria.
The significant suppression observed at higher
concentrations may be an implication of the
synergistic  effects of flavonoids and
terpenoids, which have been shown to
interfere with the parasite's redox system and
inhibit fatty acid biosynthesis (Pandey & Rizvi,
2009; Mishra et al, 2008). Saponins and
tannins may exhibit their effects by altering
membrane permeability and inhibiting parasite
enzyme systems (Akinmoladun et al., 2007).
The absence of alkaloids and anthraquinones
suggests that these are not the primary
contributors to the observed activity in this
case and a clear shift from known
antimalarials like quinine (a cinchona
alkaloid). The observed dose dependency and
significant activity at 10 mg/mL underscore
the extract's promise, although the
concentrations are relatively high compared to
those of purified compounds.

Further investigations are required to isolate
active fractions and evaluate their mechanisms
of action and pharmacokinetics. Additionally,
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toxicity profiling and in-vivo validation using
murine models will be essential before clinical
applications can be considered (Clarkson ef al.,
2004). The current study also provides
compelling evidence for the antiplasmodial
potential of Mangifera indica leaf extract. The
observed  significant  suppression  of
Plasmodium falciparum at higher
concentrations is implicated by the synergistic
effect of its phytochemical constituents.
Specifically, the presence of flavonoids and
terpenoids is noteworthy, as these compounds
have been shown to disrupt the parasite's
crucial redox system and inhibit the
biosynthesis of fatty acids, both of which are
essential for its survival and proliferation
(Stevanovic, 2016).

This study aligns with broader research
indicating the antimalarial properties of these
phytochemical classes (Pandey & Rizvi, 2009;
Mishra et al., 2008). Microscopic examination
of Giemsa-stained blood smears revealed a
reduction in parasitized red blood cells across
all samples treated with the extract. Parasite
clearance was particularly evident in the 10
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mg/mL and 5 mg/mL groups after 72 hours of
incubation. These findings suggest a
significant antiplasmodial effect of the
Mangifera indica leaf extract, indicating
potential for further development as a
therapeutic agent. Furthermore, saponins and
tannins, also identified in the extract, may
contribute to the antiplasmodial activity by
altering the membrane permeability of the
parasite or inhibiting critical enzyme systems
necessary for its metabolic processes. This
mechanism of action, involving membrane
disruption, is a well-established strategy for
many antimicrobial and antiparasitic agents
(Akinmoladun et al., 2007).

The observed dose-dependent activity of the
extract, with significant suppression at 10
mg/mL, further strengthens its therapeutic
promise. It is essential to note the absence of
alkaloids and anthraquinones in the M. indica
extract, suggesting that the antiplasmodial
activity observed in this study is not primarily
mediated by these compounds, unlike classic
antimalarials such as quinine, which is a
cinchona alkaloid. This pattern highlights the
unique phytochemical profile and potential
novel mechanisms of action of M. indica
compared to existing antimalarial drugs.

While the results are encouraging, it has been
proven that the effective concentrations of the
crude extract are relatively high compared to
those of purified compounds. Therefore,
further studies should emphasized on the
isolation and characterization of the active
components responsible for the antiplasmodial
effects. Elucidating the precise mechanisms of
action at a molecular level will be crucial for
optimizing their efficacy and understanding
potential targets within the parasite. Also,
pharmacokinetic studies are warranted to
determine how these active compounds are
absorbed, distributed, metabolized, and
excreted in a biological system. It is essential
to apply toxicity profiling before embarking
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on clinical applications of M. indica extract
and its isolated compounds to ensure their
safety. Moreover, in vivo studies using animal
models of malaria (Lee et al., 2024) are
indispensable to confirm efficacy and safety in
a living organism, thereby bridging the gap
between in vitro findings and potential
therapeutic use. This comprehensive approach
will provide a robust foundation for the
possible development of M. indica as a novel
antimalarial agent.

CONCLUSION

This study demonstrates the promising in-vitro
antiplasmodial efficacy of Mangifera indica
leaf extract against Plasmodium falciparum.
The findings underscore the potential of local
medicinal plants as sources of novel
antimalarial agents. Continued investigation
into compound isolation and in-vivo validation
is encouraged to facilitate the development of
phytotherapeutic alternatives in malaria-
endemic regions.
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