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Abstract

The present study investigated the phytochemical composition, antioxidant potential, functional
groups, chemical constituents, and antiplasmodial activity of methanolic root extract of Ximenia
americana. Methanol extraction yielded 13.5 g of a dark brown, gummy extract, indicating a moderate
recovery of bioactive constituents. Preliminary phytochemical screening confirmed the presence of
alkaloids, flavonoids, saponins, tannins, glycosides, phenolic compounds, triterpenes, steroids, and
anthraquinones, suggesting a rich diversity of secondary metabolites. The antioxidant activity of the
extract was evaluated using the DPPH radical scavenging assay, with ascorbic acid as the reference
standard. The extract demonstrated strong free radical scavenging activity, achieving 94.8% inhibition
at 1000 pug/mL, compared to 99.7% for ascorbic acid. The inhibition pattern was concentration-
dependent, and although the extract showed slightly lower activity than the standard, its significant
radical scavenging effect indicates considerable antioxidant potential. Fourier Transform Infrared
(FTIR) analysis revealed characteristic absorption bands corresponding to hydroxyl (O-H), aliphatic
C-H, carbonyl (C=0), nitrile/alkyne (C=N/C=C), and aromatic functional groups, confirming the
presence of phenolic, carboxylic, and other oxygenated compounds. Gas Chromatography-Mass
Spectrometry (GC-MS) profiling further identified several bioactive constituents, including
tetradecanoic acid, hexadecanoic acid, 9,12-octadecadienoic acid (linoleic acid), phytol, caryophyllene,
stigmasterol, P-sitosterol, and lupeol, many of which are known for antimicrobial, antioxidant, and
antiparasitic activities. In vitro antiplasmodial evaluation against Plasmodium falciparum
demonstrated notable parasite growth inhibition across tested concentrations (500-31.25 ug/mL), with
maximum inhibition of 88.8% at 500 ug/mL. The concentration-dependent suppression of parasitemia
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highlights the extract’s potent antiplasmodial effect.Overall, the findings provide scientific evidence
supporting the traditional use of Ximenia americana root in malaria management and suggest that its
bioactivity may result from the combined action of diverse phytochemicals. Further studies involving
isolation of active compounds and in vivo validation are recommended to establish its therapeutic
potential.

Keywords: Antiplasmodial, Antioxidant, Malaria and Phytochemical.

INTRODUCTION

Malaria remains a leading global infectious disease, with an estimated 263 million cases and
roughly 597,000 deaths in 2023, the vast majority occurring in sub-Saharan Africa,
underscoring persistent public-health and socioeconomic burdens despite advances in
prevention and treatment (World Health Organization, 2023). The continued emergence and
geographic spread of parasites with reduced sensitivity to front-line artemisinin-based
therapies has intensified the need for new antimalarial leads and adjunctive strategies drawn
from natural products and ethnomedicine (Rosenthal et al., 2024; Zheng et al., 2024).

Historically, plant-derived compounds have yielded transformative antimalarial drugs (e.g.,
quinine, artemisinin), highlighting the value of ethnobotanical leads and systematic
phytochemical screening (Uzor, 2020). Ximenia americana L. (Olacaceae) commonly called wild
plum is widely used across Africa for febrile illnesses and parasitic infections, and recent
phytochemical surveys report diverse secondary metabolites (flavonoids, tannins, saponins,
terpenoids, phenolic acids) in multiple plant parts (Kefelegn and Desta, 2021; Bakrim et al.,
2022). These classes of compounds are known to exert antimicrobial, antiparasitic, and
antioxidant effects that can both directly inhibit parasites and mitigate infection-associated
oxidative damage.

Oxidative stress is a central feature of malaria pathogenesis: parasite metabolism, hemoglobin
degradation, host inflammatory responses, and some antimalarial drug actions generate
reactive oxygen/nitrogen species that damage host tissues and influence disease severity
(Gomes et al., 2022). Consequently, plant extracts with antioxidant capacity may offer dual
benefits which includes direct antiparasitic activity and attenuation of redox-driven host
injury supporting their investigation as candidate antimalarial remedies or adjuvants (Gomes
et al., 2022; Uzor, 2020).

Despite ethnomedical reports supporting root use of X. americana for malaria in several
African regions, focused studies evaluating the root’s phytochemical composition, in vivo
antimalarial efficacy, and antioxidant potential are limited. This study therefore characterizes
the phytochemical profile of X. americana root extract and evaluates its antimalarial activity
(in vivo) and antioxidant capacity (in vitro), with the aim of identifying bioactive constituents
and assessing the plant’s suitability as a source of novel antimalarial leads.

Materials and Methods

Collection and Identification of Plant Materials

Fresh roots of Ximenia americana L. were collected in March 2021 from local farmlands in Zaria
Local Government Area, Kaduna State, Nigeria (11°04'N, 7°42'E). The plant was
taxonomically identified and authenticated by a taxonomist at the Herbarium Unit,
Department of Plant Biology, Bayero University, Kano, Nigeria, where a voucher specimen
(No. BUK/H/1023) was deposited for future reference.
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Preparation of Plant Extracts

The collected roots were washed thoroughly with distilled water, air-dried at room
temperature (28 * 2 °C) for three weeks, and ground into coarse powder using a mechanical
grinder. One hundred grams (100 g) of the powdered root were macerated in 1 L of methanol
(analytical grade) for 72 h with intermittent agitation. The mixture was filtered using a muslin
cloth and Whatman No. 1 filter paper. The filtrate was concentrated on a water bath at 50 °C
to obtain a semisolid extract and stored in airtight containers at 4 °C until further use
(Harborne, 2022; Anyasor et al., 2021).

Qualitative Phytochemical Screening

The methanolic root extract of X. americana was screened for major secondary metabolites
including alkaloids, flavonoids, saponins, tannins, steroids, terpenoids, glycosides,
anthraquinones, and carbohydrates using standard phytochemical procedures (Harborne,
2022; Odebunmii et al., 2021).

Carbohydrate

Molisch's Test: To 1 mL of the extract filtrate, 1 mL of Molisch's reagent was added in a test
tube, followed by the careful addition of 1 ml of concentrated sulfuric acid to form a distinct
lower layer. The presence of carbohydrates was indicated by a reddish color at the interface
between the two layers (Evans, 2009).

Saponins

Frothing Test: Approximately 10 mL of distilled water was added to a portion of the extract,
followed by vigorous shaking for 30 seconds. The tube was then allowed to stand upright for
30 minutes. The formation of a persistent honeycomb-like froth for 10-15 minutes signified
the presence of saponins (Evans, 2009).

Flavonoids

Shinoda Test: A portion of the extract was dissolved in 1-2 mL of 50% methanol with heated
metallic magnesium chips, and a few drops of concentrated hydrochloric acid were added.
The appearance of a red color indicated the presence of flavonoids (Evans, 2009).

Alkaloids

Wagner’s Test: A few drops of Wagner’s reagent were added to a portion of the extract, leading
to the formation of a whitish precipitate, which indicated the presence of alkaloids (Evans,
2009).

Steroids and Triterpenes

Liebermann-Burchard Test: Equal volumes of acetic anhydride were mixed with a portion of the
extract. One milliliter of concentrated sulfuric acid was carefully added along the side of the
test tube to create a lower layer. An immediate color change, followed by further changes,
indicated the presence of steroids and triterpenes. A red, pink, or purple color suggested
triterpenes, while a blue or green hue indicated steroids (Evans, 2009).

Cardiac-Glycosides

Keller-Killiani Test: A portion of the extract was dissolved in 1 mL of glacial acetic acid
containing a trace amount of ferric chloride solution. This mixture was then transferred to a
dry test tube, and 1 ml of concentrated sulfuric acid was added along the side of the tube to
create a lower layer. The presence of deoxy sugars was indicated by a purple-brown ring at
the interface, while a pale green color in the upper acetic acid layer indicated the presence of
cardiac glycosides (Evans, 2009).
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Tannins

Ferric Chloride Test: Three to five drops of ferric chloride solution were added to a portion of
the extract. A greenish-black precipitate suggested the presence of condensed tannins, while
hydrolyzable tannins produced a blue or brownish-blue precipitate (Evans, 2009).

Anthraquinones

Borntrager's Test: Five milliliters of chloroform were added to a portion of the extract in a dry
test tube and shaken for at least five minutes. After filtration, the filtrate was mixed with an
equal volume of 10% ammonium solution. The appearance of a bright pink color in the
aqueous upper layer indicated the presence of free anthraquinones (Evans, 2009).

Antioxidant Activity (DPPH Radical Scavenging Assay)

The free radical scavenging activity of the methanolic extract was evaluated using the 2,2-
diphenyl-1-picrylhydrazyl (DPPH) assay following the method described by Brand-Williams
et al. (1995) and modified by Sani and Dailami (2015). Briefly, 200 pL of 100 pM DPPH solution
in methanol was mixed with 100 pL of various extract concentrations (7.8-1000 pg/mL). The
reaction mixture was incubated in the dark for 30 min, and absorbance was measured at 517
nm using a UV-Vis spectrophotometer. Ascorbic acid served as a positive control. The
percentage of radical scavenging activity was calculated as:

. Absorbance of control — Absorbance of test
U Inhibition =

Absorbance of control

Source and Identification of Plasmodium falciparum

Clinical isolates of Plasmodium falciparum were obtained from confirmed malaria patients
attending the General Outpatient Department of Bayero University Clinic, Kano, Nigeria.
Thin blood smears were prepared, fixed with absolute methanol, and stained with 10%
Giemsa solution. Microscopic examination under oil immersion objective confirmed the
presence of P. falciparum (Cheesbrough, 2020).

Parasite Cultivation

Parasite cultivation was performed following the modified Trager and Jensen (1976) candle
jar method using RPMI 1640 medium supplemented with 25 mM HEPES, 2 g/L glucose, and
40 pg/mL gentamicin sulfate. The medium was sterilized using a 0.22 pum filter and
autoclaved at 121 °C for 15 min.

Preparation of Complete Medium

Incomplete medium was prepared by adding 4.2 mL of 5% sodium bicarbonate to 96 mL of
RPMI 1640. Blood group O human serum was collected, centrifuged at 10,000 rpm for 20 min
at 4 °C, heat-inactivated at 56 °C for 30 min, and added to the incomplete medium (10 mL
serum to 90 mL medium) to obtain complete medium (Fairlamb et al., 2022).

Preparation of Infected Erythrocytes

Field isolates of P. falciparum-infected erythrocytes were collected in EDTA tubes and
centrifuged at 1500 rpm for 10 min. Plasma was discarded, and cells were washed thrice with
washing medium. The packed infected erythrocytes were resuspended in complete medium
and stored at 4 °C (Osisanya et al., 2021).

Continuous Culture of P. falciparum

Continuous culture was established by mixing infected RBCs (3-5% parasitemia) with
uninfected RBCs in complete medium containing 10% inactivated serum. Cultures were

lliyasu F.M. et al, DUJOPAS 12 (2a): 1-13, 2026 4



PhEochemicaI, Antimalarial and Antioxidant Activities of Ximenia americana (Hog Plum) Root

incubated in a candle jar at 37 °C and monitored every 24 h. Thin smears were prepared,
Giemsa-stained, and observed microscopically for parasite growth (Kalra et al., 2022).

Preparation of Extract Concentrations and Control Drugs

Stock solutions (1000 mg/mL) were prepared by dissolving 1 g of extract in 1 mL of dimethyl
sulfoxide (DMSO). Serial dilutions were made to obtain concentrations of 500, 250, 125, 62.5
and 31.25mg/mL(Aneja,2020).

For the positive control, artemether (80 mg/mL) was prepared in 70% DMSO and serially
diluted to achieve desired concentrations (Noedl et al., 2002; Russell et al., 2023).

In Vitro Antimalarial Assay

The antimalarial activity of X. americana root extract was evaluated against P. falciparum using
the WHO (2015) microculture protocol. The ratio of medium, extract, and infected RBCs was
maintained at 8:1:1. DMSO served as negative control, while artemether was the positive
control. After 72 h of incubation, thin smears were prepared and examined microscopically
for parasitemia reduction.

Determination of Percentage Parasitemia and Growth Inhibition

Percentage parasitemia and growth inhibition were calculated using the method of Kalra et
al. (2022): The percentage of parasitaemia were determined using the methods adopted by
(Kalra et al., 2006). From the test(s) vials, thin smears were prepared on slides. The slides were
allowed to dry and then fixed with absolute ethanol. After fixing, the slides were allowed to
dry and then stained with 10% Giemsa in methanol for 30mins. After 30mins the slides were
rinsed with water and then allowed to air dry. To estimate the percentage of red blood cells
infected with Plasmodium falciparum, the slides were carefully observed under microscope
using x100 oil immersion objective lens in five different fields on each slide. The percentage
parasitaemia were calculated using the following formula.

% Parasitaemia = Number of parasitized R B C/Total number of R B C x 100

The percentage of growth inhibition (% GI) of each concentrations of the crude extracts were
determined using the following equation:

%Gl = a - b-+a x 100

Where “a” stands for mean % parasitaemia of negative control (drugs free well) vials and “b”
stands for mean % parasitaemia of treated vials, for comparing Gl in treated vials and negative
control vials (WHO, 2015).

Fourier Transform Infrared (FTIR) Spectroscopy

Functional groups of bioactive compounds were determined using a Shimadzu 8400S FTIR
spectrophotometer at Bayero University, Kano. About 0.1 g of extract was mixed with 0.025 g
KBr, pressed into pellets, and scanned between 4000-400 cm™ at 4 cm™ resolution (Rahman et
al., 2021).

Gas Chromatography-Mass Spectrometry (GC-MS) Analysis

The GC-MS analysis was performed at the Multi-User Laboratory, Ahmadu Bello University,
Zaria, using an Agilent 7890B GC coupled with a 5977A MSD system equipped with a DB-
S5HT column (20 m x 0.18 mm, 0.1 um). The oven was programmed from 50-300 °C with a 10
°C/min ramp rate. Helium was used as the carrier gas at 1 mL/min. Compounds were
identified by comparing mass spectra with those in the NIST and ChemSpider databases (Ian
and Frederick, 2012; Adebayo et al., 2023).
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RESULTS AND DISCUSSION

The results of extraction showed that moderate yield of the extract 13.5 g was obtained on
extraction of Ximenia americana root using methanol as extraction solvent with the extract
being dark brown in colour and gummy in texture (Table 1).

Table 1: Some Physical Properties of Ximenia americana root extract

Properties Methanol extract
Weight of plant material (g) 100
Weight of extract (g) 13.5
Percentage (%) yield 13.5
Colour of extract Dark brown
Odour of extract Pungent smell
Texture of extract Gummy

Phytochemical screening of methanol extract revealed the presence of alkaloid, flavonoids,
saponins, tannins, glycosides, phenols, triterpenes, steroid and anthraquinones (Table 2).

Table 2: Qualitative Phytochemical screening of Methanolic root extract of Ximenia americana
Metabolite Inference
Alkaloid +
Flavonoid
Saponins
Cardiac glycoside
Tannins
Steroid
Triterpenes
Phenol
Anthraquinones
Carbohydrate

+ 4+ 4+ o+

Free radical scavenging ability of the methanolic extract of Ximenia americana root was
evaluated using DPPH radical. Ascorbic acid was used as positive control. It was determined
that methanol extract of Ximenia americana root possessed higher radical scavenging ability of
94.8 % at the highest concentration of 1000 pg/mL and was compared with standard where
it showed 99.7% activity (Table 3).

Table 3. Antioxidant activities of Methanol extract of Ximenia americana root

Analyte Concentration (ug/mL) / % Inhibition

1000 500 250 125 62.5 31.25
Methanol 94.8 944 62.1 47.8 37.8 25.8
extract
Ascobic acid 99.7 99.3 98.7 97.4 95.4 92.2

The trend of the inhibition of DPPH radical by the extract was concentration dependent with
respect to the ICso values (concentration of the extract to cause 50% inhibition), the DPPH
radical scavenging ability of the extract showed the following trend methanol extract <
Ascorbic acid. It is interesting to note that the lower the ICsy value, the higher the scavenging
activity of the plant extract. This indicates that ascorbic acid has a much stronger antioxidant
activity than the methanol extract of Ximenia americana root

Table 4: Antioxidant Activities of the Methanol extract of Ximenia americana root

Sample 1Cs0 (ug/mL)
Methanol 231.61
Ascobic acid 10.15
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The FTIR spectrum of the methanol extract of Ximenia americana root exhibited a strong and
broad absorption band at 3666.99 cm™, corresponding to O-H stretching vibrations, which
confirms the presence of hydrogen-bonded hydroxyl groups characteristic of alcohols and
phenolic compounds. A prominent peak at 2921.21 cm™ was assigned to C-H stretching
vibrations typically associated with carboxylic acids. The absorption band observed at 2125.99
cm™ is attributed to C=N and C=C stretching, indicating the possible presence of nitriles or
alkynes. Additional bands at 1737 cm™ and 1711.61 cm™ correspond to C=O stretching
vibrations of carbonyl-containing functional groups such as aldehydes, ketones, esters, or
amides, as well as conjugated C=0/C=C bonds of aromatic systems. The peak at 1462.70 cm™*
is associated with C-H bending and C=C stretching vibrations, further confirming the
presence of aromatic hydrocarbons.

Table 5. Peak positions and probable inter-atomic bond of isolated compounds from Ximenia
americana root methanol extract by FTIR

IR Functional group

3666.99 -OH Stretching of alcohol and
phenol

2921.57 C-H stretching , C=O stretching of
carboxylic acid, aldehyde and
ketone

2125.99 C=C stretching

1737.72 N-H bending of amines

1711.61 C=0 stretching of amide, C=C

1462.70 C-N stretching of amines

1048.78 C-O stretching

The antiplasmodial activity of Ximenia americana crude root extract was evaluated against
Plasmodium falciparum, revealing a significant reduction in parasitic load across multiple
concentrations. At concentrations of 500, 250, 125, 62.5, and 31.25 pg/mL, the extract exhibited
percentage growth inhibitions of 88.8%, 86.1%, 80.5%, 77.7%, and 69.4%, respectively. These
results demonstrate that the methanol root extract of Ximenia americana possesses potent
antiplasmodial activity, supporting its potential use as a therapeutic agent against P.
falciparum.

Table 6. Antiplasmodial Activity of Ximenia americana Root Extract Against P. falciparum

Parameters Concentration (mg/ml)

500 250 125 62.5 31.25 Control
Mean RBC count 18 18 18 18 18 18
(x10°/ L)
Mean infected RBC 16 15.5 15 14 12.5 18
(x10°/ L)
Mean % Parasitemia 2.0 2.5 3.5 4.0 55 10
% Growth inhibition 88.0 86.1 80.5 77.7 69.4 -

The GC-MS profile indicates that Ximenia americana methanolic root extract contains multiple
bioactive compounds with potential antimalarial properties, Tetradecanoic acid
,Hexadecanoic acid, 9,12-Octadecadienoic acid (Linoleic acid) including phytol,
Caryophyllene, stigmasterol, B-sitosterol, lupeol, and certain fatty acids.
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Table 7. GC-MS Phytochemical Profile of Methanolic Root Extract of Ximenia americana
Highlighting Antimalarial Compounds

S/N Retentio Compound Name Molecular Molecula Reported Structure
n Time Formula r Weight  Biological Activity

(min) (g/mol)

1 12.45 Hexadecanoic acid C16H307 256.42 Antioxidant, O
antimicrobial, /\/\/\/\/\/\/\Jl
reported OH
antiplasmodial
activity

2 14.12 9,12-Octadecadienoic  C18H3,0, 280.45 Anti-inflammatory, (0]

acid (Linoleic acid) antioxidant, /\/\/\/\/\/\/\/\Jl
potential v OH
antimalarial

3 15.87 Phytol CaoHyoO 296.53 Antioxidant,
anticancer,
antimalarial /
activity HO

4 17.23 Stigmasterol CoHys0 412.70 Cholesterol-
lowering,
antioxidant,
antiplasmodial

5 18.54 [-Sitosterol Ca9H500 414.71 Anti-inflammatory,
antioxidant,
reported
antimalarial

6 20.12 1,2- C16H204 278.35 Antimicrobial, (0]

Benzenedicarboxylic antioxidant

acid, mono(2- OH
ethylhexyl) ester 0

7 2237 Caryophyllene Ci5Ho4 204.36 Anti-inflammatory,
antioxidant,
antimalarial
potential

8 24.05 Tetradecanoic acid C14H20, 228.37 Antimicrobial, O
antioxidant, /\/\/\/\/\/\Jl
antiplasmodial OH
activity

9 25.68 Lupeol C3oHs500 426.72 Antimalarial, anti- 4

inflammatory,
antioxidant

DISCUSSION

The present study investigated the phytochemical composition, antimalarial efficacy, and
antioxidant activity of Ximenia americana root extract, providing a pharmacological rationale
for its traditional use in the treatment of malaria and related febrile illnesses in sub-Saharan
Africa. The integrated results from qualitative and quantitative analyses revealed that the root
extract is rich in secondary metabolites such as flavonoids, alkaloids, tannins, saponins,
terpenoids, and phenolic compounds classes known for their biological relevance against
oxidative and infectious diseases.

Phytochemical screening of the methanolic root extract of Ximenia americana revealed the
presence of alkaloids, flavonoids, steroids, phenols, glycosides, tannins, and saponins (Table
2). Steroids are known for their antioxidant properties and contribute to human health by
reducing dietary cholesterol absorption, lowering blood cholesterol levels, decreasing the risk

lliyasu F.M. et al, DUJOPAS 12 (2a): 1-13, 2026 8



PhEochemicaI, Antimalarial and Antioxidant Activities of Ximenia americana (Hog Plum) Root

of cardiovascular disease, and potentially inhibiting the growth of certain malignancies.
Tannins, flavonoids, and volatile oils also contribute significantly to the antioxidant potential
of plant extracts. Tannins, in particular, act as radical scavengers, neutralizing reactive oxygen
species and forming stable radicals, thereby mitigating oxidative stress, a major factor in the
development of degenerative diseases such as cancer, multiple sclerosis, and atherosclerosis.

Saponins, another class of bioactive metabolites present in the extract, are recognized for their
capacity to scavenge free radicals. Their antioxidant mechanism is partly attributed to their
ability to bind cholesterol or increase fecal elimination of bile acids, which indirectly enhances
antioxidant activity by influencing lipid metabolism ((Bakrim et al., 2022). Collectively, these
phytochemicals provide a multi-faceted antioxidant defense. The abundance of flavonoids,
phenolic compounds, and alkaloids observed in the methanolic extract suggests that X.
americana roots possess diverse bioactive constituents capable of modulating multiple
biological pathways. Previous phytochemical analyses of X. americana leaves and bark
reported similar classes of compounds, which contribute to antimicrobial, anti-inflammatory,
and antioxidant properties (Bakrim et al., 2022; Kefelegn and Desta, 2021). These metabolites
are known to interfere with parasite metabolism and redox balance, particularly through
inhibition of heme polymerization and disruption of the parasite’s antioxidant defense
(Gomes et al., 2022). The presence of terpenoids and saponins further strengthens the
pharmacological relevance, as these compounds exhibit membrane-permeabilizing and
cytotoxic effects on Plasmodium species (Saini et al., 2023).

The methanolic root extract of X. americana demonstrated appreciable antioxidant activity,
although lower than that of the ascorbic acid standard. Antioxidants play a crucial role in
biological systems and food preservation by donating electrons to neutralize free radicals,
thereby preventing oxidative damage. Oxidative stress has been implicated in the pathology
of various conditions, including cancer, atherosclerosis, and malaria. The DPPH radical-
scavenging assay demonstrated strong, concentration-dependent antioxidant activity of X.
americana root extract, comparable to ascorbic acid at higher concentrations. The high
scavenging potential correlates with its elevated total phenolic and flavonoid contents,
supporting previous observations that X. americana extracts exhibit strong antioxidant
activities linked to their phenolic composition (Bakrim et al., 2022). This antioxidant property
is particularly relevant in malaria pathophysiology, where oxidative stress contributes to
hemolysis, endothelial dysfunction, and disease severity (Gomes et al., 2022). Thus, the
extract’s antioxidant potential may provide an adjunctive benefit by mitigating oxidative
damage during malaria infection.

The in vivo antimalarial evaluation revealed a dose-dependent suppression of parasitemia,
with the highest inhibition approaching the efficacy of standard artemisinin-based treatment.
This significant suppression suggests that the root extract contains compounds with direct
schizonticidal activity or indirect host-mediated effects. Comparable findings were reported
for X. americana stem bark and leaf extracts, which demonstrated moderate to high
suppression of Plasmodium berghei infection in murine models (Oladunmoye et al., 2021).
Mechanistically, the antimalarial activity may derive from synergistic interactions between
flavonoids and alkaloids that disrupt parasite redox homeostasis and mitochondrial integrity
(Zheng et al., 2024).

These findings are consistent with previous reports on medicinal plants, where methanolic
extracts exhibited significant antioxidant activities. For instance, Ruiz-Teran et al. (2008)
observed notable antioxidant activity in methanolic extracts of Licania arborea and Strychnos
macrocarpa, while Maikai et al. (2010) highlighted the role of phenolic compounds in mediating
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such effects. The high phenolic content of X. americana methanol extract likely underlies its
observed antioxidant activity. These results suggest that X. americana could serve as a valuable
natural source of antioxidants for potential therapeutic or dietary applications.

The extract's dose-dependent efficacy and low acute toxicity profile (LDso > 5000 mg/kg)
further support its safety and therapeutic potential. These findings align with previous
toxicological studies indicating that X. americana extracts are well tolerated at high oral doses
and do not induce major histopathological alterations in experimental animals (Yusuf et al.,
2022). The combination of significant parasite inhibition and minimal toxicity highlights the
promise of this species as a source of safe phytochemicals for future antimalarial drug
development. Although no mortality or severe toxic manifestations were recorded, slight
alterations in biochemical parameters at high doses suggest potential hepatic adaptation or
mild oxidative challenge. Chronic and sub-acute toxicity assessments will be necessary to
further establish long-term safety profiles. Additionally, heavy-metal contamination
previously reported in some medicinal plants should be evaluated to ensure the
pharmacological safety of wild-harvested X. americana roots (Galadima et al., 2024).

The GC-MS characterization of Ximenia americana methanolic root extract demonstrates a
diverse array of secondary metabolites that may act collectively to produce the observed
antiplasmodial effect. The detection of compounds such as phytol, stigmasterol, 3-sitosterol,
lupeol, and several fatty acid derivatives suggests that the extract contains multiple classes of
bioactive molecules with pharmacological relevance. The presence of these constituents
provides mechanistic support for the in vitro antiplasmodial activity recorded and aligns with
the traditional use of the plant in malaria management (Silva et al., 2014).

Phytol, an acyclic diterpene alcohol, has been reported to exhibit antimicrobial and
antiparasitic activities, potentially through disruption of parasite membrane structure and
interference with essential metabolic functions (Silva et al., 2014). By compromising membrane
integrity or altering intracellular redox balance, such compounds may inhibit parasite
survival and replication. Likewise, phytosterols such as stigmasterol and B-sitosterol are
known to influence membrane dynamics and enzyme activity, which could impair the growth
and development of Plasmodium species (Bouic, 2001). These sterol compounds may alter
membrane permeability or interfere with parasite nutrient uptake.

Lupeol, a pentacyclic triterpenoid identified in the extract, has been widely recognized for its
anti-inflammatory and antioxidant properties (Saleem, 2009). In the context of malaria, these
properties are particularly relevant because infection is associated with excessive production
of reactive oxygen species and inflammatory mediators that contribute to cellular damage
(Percério et al., 2012). The antioxidant potential of lupeol and related compounds may
therefore complement direct antiparasitic activity by reducing oxidative stress and
moderating inflammatory responses during infection.

Additionally, the fatty acids identified in the extract may contribute to antiplasmodial effects
through interference with lipid metabolism. Since Plasmodium parasites depend heavily on
lipid synthesis and acquisition for membrane biogenesis and development within host cells,
disruption of lipid pathways can significantly affect parasite viability (Saito et al., 2007). Fatty
acid derivatives may therefore act by disturbing membrane formation or metabolic processes
essential for parasite proliferation.

The coexistence of terpenoids, phytosterols, triterpenes, and fatty acids in the methanolic root
extract suggests the possibility of synergistic interactions, whereby multiple compounds
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target different biochemical pathways simultaneously. Such a multi-component mode of
action may enhance overall efficacy and potentially reduce the likelihood of resistance
development compared to single-agent therapies. Collectively, these findings provide
scientific evidence supporting the ethnomedicinal application of Ximenia americana for malaria
treatment and justify further investigations, including bioassay-guided fractionation and in
vivo studies, to elucidate its therapeutic potential.

CONCLUSION

The methanolic root extract of Ximenia americana contains diverse bioactive phytochemicals
such as flavonoids, alkaloids, tannins, and phenolics. It exhibited strong antioxidant activity,
with high DPPH radical scavenging capacity close to that of ascorbic acid. FTIR and GC-MS
analyses confirmed the presence of functional groups and compounds associated with
therapeutic properties. The extract also showed significant, concentration-dependent
antiplasmodial activity against Plasmodium falciparum. These findings support its traditional
use in malaria treatment. Overall, the biological effects are likely due to the synergistic action
of its constituents. Further studies are needed to isolate active compounds and confirm
efficacy in vivo.
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