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Abstract

Growth inhibition assays of Plasmodium parasites have become an important strategy for
antimalarial drug discovery. Entada africana is a prominent medicinal plant greatly
utilized in traditional treatment of varieties of diseases. In this study, the ethanolic extract
and phenolic-rich fraction of E. africana leaves were prepared. Following the
phytochemical analysis, the ethanolic extract was investigated for its in vitro antioxidant
activities, with investigation involving parameters such as ABTS, DPPH, OH, H202, NO,
FRAP and TAC. An in vitro antimalarial study was carried out on phenolic-rich fraction,
using a Plasmodium growth inhibition assay against a clinical isolate of Plasmodium
falciparum, cultured in RPMI 1640 growth medium. The results revealed the presence of
alkaloids, flavonoids, phenolics, glycosides, saponins, terpenes and tannins with
phenolics constituting the greatest portion in the quantitative analysis. In vitro
antioxidant assays demonstrated that the extract elicited promising free radical
scavenging activities, which could be due to its prominent phenolic components. The
growth inhibition assay exhibited good in vitro antiplasmodial, properties with a 50%
inhibitory concentration, (ICs0) of 28.45 ug/mL, indicating that the phenolic-rich fraction
of E. africana exhibited moderate activity against chloroquine-sensitive P. falciparum.
These results provide justification for the correlation between oxidative stress
management by antioxidants and antimalarial properties of the extract, hence the
traditional use of E. africana for the treatment of malaria and the basis for further studies
to characterize the extract.

1. Introduction
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Malaria poses a significant threat to human health and
is the primary cause of death and morbidity in
geographical areas where it is endemic [1]. About 92%
of children under the age of 5 years and pregnant
women who are deficient in immunity are greatly
affected by malaria [2]. The most affected regions
include sub-Saharan Africa, Asia, Central America,

and Latin America, despite the diverse distribution of
the disease. Approximately 50% of the global
population resides in regions where malaria is a major
concern [3]. The most prominent tropical diseases are
caused by Plasmodium falciparum, whereas, while the
disease caused by Plasmodium vivax, Plasmodium ovale
and Plasmodium malariae is generally milder and rarely
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fatal [4]. The fifth type, Plasmodium knowlesi, rarely
causes malaria in humans but is largely responsible
for malaria in macaques. This species is currently
known as a zoonosis, causing a zoonotic malaria that
is majorly found in Southeast Asia, especially in
Malaysia [5].
proliferate in cycles in both humans and female

Plasmodium parasites grow and

Anopheles mosquito vectors [6]. Moreover, P.
falciparum has been linked to almost 95% of deaths in
sub-Saharan Africa [7].

Globally, the number of malaria cases in 2022 was
estimated to be 249 million, which was significantly
higher than that in 2019, before the start of the
COVID-19 pandemic [7]. According to the WHO (8],
the number of malaria cases in 2023 increased to 263
million. Based on this estimation, an incidence of 60.4
cases per 1000 population at risk was reported, and
the number of deaths was estimated to 597 000, with a
mortality rate of 13.7 per 100 000. The WHO [8]
reported that the African region carries the heaviest
malaria burden, accounting for 94% and 95% of
estimated malaria cases and deaths worldwide,
respectively, in 2023. The top five countries carrying
the heaviest estimated burden of malaria cases were
Nigeria (26%), the Democratic Republic of the Congo
(13%), Uganda (5%), Ethiopia (4%) and Mozambique
(4%) [8]. Hence, to combat malaria, there is still a
necessity to advocate for the control of mosquito
vectors, provide treated nets, find new antimalarial
compounds, and develop effective vaccines.

However, the development of an effective vaccine has
proven to be very difficult [9]. Despite the substantial
progress in the treatment of parasitic diseases, malaria
remains a significant endemic disease due to factors
such as the widespread resistance of malaria parasites
to currently available anti-malarial agents, the
resistance of mosquito vectors to currently available
insecticides, the limited success in the development of
malarial vaccines, and the debilitating adverse
reactions of orthodox anti-malarial drugs [6], coupled
with their high costs [10]. However, traditional
medicine practitioners (TMPs) have been using plants
from various botanical sources to treat and cure
malaria for decades [11]. These medicinal plants have
made and continue to make significant-contributions
to malaria management as they contain molecules

with a wide variety of structures and biological
ethnobotanical
investigations of traditional medicines may provide

activities [12]. Therefore,

important sources of new antimalarial compounds.

Although in vivo models using Plasmodium berghei

provide valuable insights into host-parasite
interactions and disease modulation, they do not fully
reflect the biology of human malaria [13]. Following
our previous in vivo evaluation of the antioxidant
effects of Entada africana in P. berghei infected mice, the
current study investigated its direct antioxidant and
antiplasmodial activities in vitro against chloroquine-
sensitive Plasmodium falciparum. This study applied an
approach in concordance with bioassay-guided
fractionation, where a certain fraction is selected
based on  phytochemical abundance and
pharmacological plausibility [14]. This comple-
mentary approach revealed the mechanistic activity of
E. africana extract against the human malaria parasite
and strengthened the translational relevance of the
findings.

The general objective of this study was to carry out in
vitro investigation of the antimalarial potential of the
leaf extract of E. africana, evaluating its antioxidant
and antiplasmodial activities against a clinical isolate
of P. falciparum, as a substantial step in the

development of a new antimalarial.

2. Materials and methods

2.1. Sample collection and authentication

The leaves of E. africana were collected from the Agba
Dam area of Ilorin, Kwara State, Nigeria. The area is
located between latitude 8°28" 33"N and longitude
4°35' 22"E. They were transported in perforated bags
to the laboratory of the Plant Biology Department,
University of Ilorin, where verification and
authentication was done by a taxonomist. The
Voucher number (UILH/004/960) was assigned and

the specimen was deposited in the Herbarium.

2.2. Plasmodium falciparum

The clinical isolate of P. falciparum was obtained from
infected blood samples from malaria patients at the
Gitwe District Hospital, Southern Province, Ruhango
District, Republic of Rwanda.

2.3. Preparation of plant extract
The plant extract was prepared in accordance with the
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method described by Adamu et al., [15]. Fresh Entada
africana leaves were obtained, well washed, air-dried
and pulverized into powder. The powdered plant (700
g) was percolated in 7.0 L of ethanol in a flask,
plugged with cotton wool. The mixture was kept on
an orbital shaker at 190-220 rpm for 24 h to optimize
the extraction process. After extraction, the ethanol
extract was filtered using a clean muslin cloth and a
Whatman No. 1 filter paper to remove the residues.
The filtrate was concentrated at 50 °C under vacuum
52A, Searchtech
Instruments) and then dried at 45 °C in oven to

in a rotary evaporator (RE-
remove the ethanol. The extract obtained was
weighed and the percentage yield was calculated
using the following formula. The final extract was
stored in an airtight sterile bottle at 4 °C inside the
refrigerator for the determination of various

parameters in the study.

Vield (%) — Weight of extract X100
ield (%) = Weight of powdered sample used

2.4. Determination of phytochemicals

Phytochemical analysis was carried out on ethanolic
leaf extract of E. africana (ELEA), both qualitatively [16]
and quantitatively for alkaloids [17], total phenolics
[18], total tannins concentration [19] and total

flavonoid [20].

2.4.1. Quantitative phytochemical analysis of E. africana
leaves

2.4.1.1. Determination of total alkaloid concentration

The total alkaloid concentration was estimated using
the UV Spectrophotometry procedures described by
Ajanal et al. [17]. Briefly, 10 % dimethylsulfoxide
(DMSO) was used to dissolve 1 mg of ELEA. The
resulting mixture was then added to 1 mL of 2 N HCl
and filtered. Then, 5 mL of each of phosphate buffer
and bromocresol green were added, and the mixture
was transferred to a separating funnel. With vigorous
shaking, the mixture was fractionated with 1, 2, 3, and
4 mL of chloroform to remove the complex formed.
The fraction was collected in a 10 mL volumetric flask
and chloroform was added to dilute it. The
absorbance of the complex was read at 470 nm. The
total alkaloids in the E. africana leaf extract was
represented as mg/100 g of sample as the average of
three estimations.

2.4.1.2. Determination of total phenolic concentration

The total phenolic content of E. africana leaf extract
was carried out according to the Folin — Ciocalteu
reagent procedure described by Tambe and Bhambar
[18]. Briefly, 1 g of dried ethanolic leaf extract of E.
africana (ELEA) was re-dissolved in 25 mL of ethanol
and filtered using Whatmann No. 1 filter paper. In a
25 mL volumetric flask, 1 mL of the filtered extract
was mixed together with 9 ml of distilled water. Folin-
Ciocalteu phenol reagent was added to the mixture
and allowed to react for 5 min, followed by addition
of 10 mL of 7 % Na2COs w/v solution. The mixture was
made to 25 mL with distilled water and incubated for
90 min at room temperature before measuring the
absorbance at 750 nm. A standard curve of gallic acid
with  the
spectrophotometer. The estimated total phenolic

was  prepared after calibrating

concentration in E. africana leaf extract was
represented as mg of gallic acid equivalent per 100 g

of sample.

2.4.1.3. Determination of total tannin concentration

The total tannins concentration was estimated
according to the UV Spectrophotometry procedures
described by Ekwueme et al. [19]. Briefly, ELEA (1 g)
was marcerated with 50 mL of methanol and the
resulting mixture was filtered. An aliquot (0.3 mL) of
0.1 N ferric chloride in 0.1 N HCI and 0.3 mL of 0.0008
M potassium ferricyanide were added to 5 mL of the
filtrate. The standard curve of gallic acid was
prepared after calibrating with the spectrophotometer.
The absorbance of the mixture was measured at 720
nm. The total tannin concentration in the E. africana
leaf extract was estimated as mg of gallic acid
equivalent per 100 g of the sample.

2.4.1.4. Determination of total flavonoid concentration

The total flavonoid content in the E. africana leaf
extract was estimated using a modified colorimetric
procedure, as outlined by Vabkova et al. [20]. Briefly,
a sufficient quantity (1 g) of ELEA was dissolved in 5
mL of ethanol and filtered. In a test tube, 0.5 mL of
filtered ELEA and 0.5 mL of distilled water were
added. Following the addition of 0.3 mL of 10% AICls,
and 0.3 mL of 5% NaNO: were added to the mixture.
After 5 min, 2 mL of 1 M NaOH was added. At 15 min
later, the absorbance was read at 510 nm in
blank. Different

comparison to a catechin
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concentrations were used to generate standard curves.

Catechin equivalents (CE) per 100 g of dry weight was
used to express the flavonoid content in mg.

2.5. Antioxidant study
2.5.1. Determination of 2,2-azinobis-(3-ethylbenzothiazo-
line-6-sulfonic acid) (ABTS) radical scavenging activity
The ABTS radical scavenging activity of extract and
the standard were determined in accordance with the
method described by Re et al. [21], with slight.
modification. Briefly, the stock solution of ABTS was
diluted with 70% ethanol to an absorbance of 0.75 *
0.05, to obtain working solution. ABTS radical cations
(ABTS*) were generated by reacting an ABTS stock
solution (7 mM) with 7 mM potassium persulphate in
aratio 2:1 and the mixture was allowed to stand in the
dark at room temperature for 16 h before use.
Butylated hydroxyl toluene (BHT) was used as the
reference antioxidant solution. Then 2 mL of ABTS
working solution was mixed with 50 pL of different
concentration (10, 20, 30 and 40 pg/mL) of the
extract/BHT and the absorbances were measured after
20 min at 734 nm. The percentage inhibition of each
mixture was determined using the formula described
by Guchu et al. [22].
Ac — As

Ac

Inhibition (%) = X100

Where, Ac and As represent the absorbance of the
blank and sample, respectively.

2.5.2.
(DPPH) radical scavenging activity

Determination of 2,2-diphenyl-1-picrylhydrazyl

The DPPH radical scavenging activity of the extract
was determined using 2,2-diphenyl-1-picrylhydrazyl
(DPPH) radical in accordance with the procedures
described by Hwang et al. [23] with minor
modifications. Briefly, the extract was prepared in
ethanol (analytical grade) at 4 different concentrations
(10, 20, 30 and 40 pg/mL). Then 10 pL of each of the
extract concentrations was added to an equal volume
of 100 uM DPPH reagent (10 pL) in ethanol solution
in a well-labelled, clean 96-well microtitre plate
(Tarsons, Kolkata, India). Standard solutions of the
antioxidant butylated hydroxyl toluene (BHT) and
reagent blank (10 uL each) were treated similarly. All
mixtures were shaken well and allowed to stand for
30 min. After the incubation period, each mixture was
measured against a standard, butylated hydroxyl

toluene (BHT) for absorbance at 517 nm using an
ELISA reader specified for microtitre plates (Bio Rad
Laboratories Inc, California, USA, Model 550). These
experiments were performed in ftriplicate. The
percentage inhibition of each mixture was determined
using the following formula.

A
Inhibition (%) =
Where, Ac and As represent the absorbances of the
blank and sample, respectively.

2.5.3.

activity

Determination of hydroxyl radical scavenging

The hydroxyl radical scavenging activity of the plant
extract was measured according to the method of
Halliwell et al. [24]. This determined the interactions
between deoxyribose and test extracts for hydroxyl
radicals, which were obtained by Fenton’s reaction.
Briefly, the reaction mixture contained 1.0mL of
reagent (3.0 mM deoxyribose, 0.1 mM EDTA, 2 mM
H202, 0.1 mM L-ascorbic acid, 0.1 mM FeCls.6H20 in
10 mM phosphate buffer, pH 7.4) and 1.0 mL of the
extract (50 mg/mL). The reaction mixtures were
incubated at 37 °C for 1 h, followed by the addition of
1.0mL of 1% (w/v) TBA (in 0.25 M HCI) and 1.0 mL 10%
(w/v) trichloroacetic acid (TCA). The reaction mixture
was heated in a boiling water bath at 100 °C for 20 min,
and the pink chromogen (malondialdehyde-(TBA)
adduct) was extracted into 1.0 mL of butan-1-ol and
the absorbance (Abs) was read at 532 nm against a
reagent blank. BHT (butylated hydroxytoluene) was
used as a positive control. This experiment was
performed in triplicate. The percentage inhibition was
calculated using the expression below, which was
plotted against concentration.

Ac — As
X100

Inhibition (%) = A

Where, Ac and As represent the absorbances of the
blank and sample, respectively.

where Acontrot = absorbance of control (containing all
reagents except the test compound) and Asample =
absorbance of samples (containing all reagents
including the test compound).

2.5.4. Determination of hydrogen peroxide scavenging
activity
The ability of the extracts to scavenge hydrogen
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peroxide was determined according to the method of
Hussen and Endalew, [25] with a slight modification.
A solution of hydrogen peroxide (2 mM) was
prepared in 0.2 M phosphate buffer (pH 7.4). Briefly,
about 0.2 M potassium dihydrogen phosphate and
0.2 M sodium hydroxide solutions were prepared. A
50 mL potassium dihydrogen phosphate solution was
placed in a 200 mL volumetric flask and 39.1 mL of 0.2
M sodium hydroxide solution was added. Finally, the
volume was made up to 200 mL with distilled water
to prepare the phosphate buffer (pH-7.4). 50 mL of
phosphate buffer solution was added to an equal
amount of hydrogen peroxide to generate free
radicals and the solution was kept at room
temperature for 5 min to complete the reaction. 100 pL
of the extract (Conc. 50, 100, 150, 200, 250, and
300 pg/mL in distilled water) was added to 600 pL of
hydrogen peroxide solution. After 30 min incubation
in the dark, the absorbance at 230 nm was recorded
using a UV-Vis Spectrophotometer. A reference stock
solution of gallic acid of equivalent concentration was
used as the standard solution. Ethanol was used as the
blank for the determinations, which were performed
in triplicate. The percentage inhibition of each mixture
was calculated using the following equation:

Ac — As

Inhibition (%) = X 100

Ac

Where, Ac and As represent the absorbances of the
blank and sample, respectively.

2.5.5. Determination of nitric oxide radical scavenging
activity

The scavenging capacity of the extract against the
nitric oxide (NO) was evaluated in accordance with
the procedures described by [26]. Briefly, the reaction
mixture (6 mL), was prepared to include 1 mL of
extract (50 mg/mL), 1 mL of phosphate buffer saline
(0.01 M) at pH 7.4, and 4 mL of sodium nitroprusside
(10 mM). The reaction mixture was incubated at 25 °C
for 150 min and an aliquot (0.5 mL) was taken out,
then 1 mL of sulphanilic acid reagent (0.33% in 20%
glacial acetic acid) was added, then left for 5 min to
complete the diazotization reaction. Following this
reaction, 1 mL of 0.1% N-(1-naphthyl) ethylenedi-
amine dihydrochloride (NEDD) was added, mixed,
and left to stand for additional 30 min under diffused
light. Using a UV-Vis spectrophotometer, the

absorbances were read at 540 nm against the blank.
Gallic acid (50 mg/mL) was used as the standard for
comparative  antioxidant analysis, and the
experiments were performed in triplicate. The
percentage inhibition was determined using the

following formula:

Ac — As
X100

Inhibition (%) =

Where, Ac and As represent the absorbances of the
blank and sample, respectively.

2.5.6. Determination of reducing power

The reducing powers of the extract and standard
control were determined as ferric reducing
antioxidant power (FRAP) in accordance with the
method described by Thasneem ef al. [27] with slight
modifications. Briefly, 1 mL of the test extract (50
mg/mL) was mixed with sodium phosphate buffer
(2.5 mL; 0.2 M; pH 6.6) and potassium ferricyanide
(2.5 mL; 1%), then incubated (50 °C; 20 min).
Trichloroacetic acid (2.5 mL; 10%) was added to the
incubated mixture and centrifuged (3000 rpm; 10 min;
4 °C). The supernatant was collected. The supernatant
solution (2.5 mL) was mixed with an equal volume of
distilled water and fresh ferric chloride solution (0.5
mL; 0.1%) and kept for 10 min. The absorbance of
reaction mixture was measured at 700 nm. Gallic acid
(50 mg/mL) was used as the standard for comparative
antioxidant analysis, and the experiments were
performed in triplicate. The following formula below
was used to calculate the percentage of inhibition:

Ac — As

Ac

Where, Ac and As represent the absorbances of the

Inhibition (%) = X100

blank and sample, respectively.

2.5.7. Determination of total antioxidant capacity

The total antioxidant capacity of the extract was
determined according to the method described by
Prieto et al. [28]. The assay is based on the reduction of
Mo(VI) to Mo(V) by the samples and the formation of
a green colored phosphate/ Mo(V) complex at acidic
pH. Briefly, 0.5 mL (50 mg/mL) of the extract or
standard solution was added to 3 mL of the reagent
solution which consisted of 0.6 M sulphuric acid, 28
mM sodium phosphate and 4 mM ammonium
molybdate. The test tubes containing the reaction
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mixture were incubated in a water bath at 95 °C for 10
min. The mixture was then allowed to stand and cool
to room temperature. The absorbance of the sample
was measured at 695 nm against a blank, using a UV-
Vis spectrophotometer. Gallic acid (50 mg/mL) was
used as the standard for comparative antioxidant
activity, that were determined in triplicate. The
percentage inhibition was determined using the
following formula below:

Ac — As
X100

Inhibition (%) = A

Where, Ac and As represent the absorbances of the
blank and sample, respectively.

2.6 Antiplasmodial study

2.6.1 Extraction and liquid-liquid partitioning of total
phenolics from E. africana leaves

Total phenolics were extracted from E. africana leaves
following the method described by Al-Farsi and Lee
[29], with slight modifications. Briefly, 50 g of
powdered leaves were defatted with 125 mL of n-
hexane at 60 °C for 4 h and filtered. The defatted
residue was air-dried and extracted with 50% acetone
(3 L) using a solvent-to-solid ratio of 60:1 (v/w).

The mixture was stirred at 45 °C for 1 h and then
mechanically shaken using an orbital shaker at 150
rpm for 4 h daily over a period of 48 h. The extract was
filtered, and the extraction process was repeated to

ensure maximum recovery.

The combined filtrates were then concentrated at
60 °C. The concentrated extract was subjected to
liquid-liquid partitioning with n-butanol. The
aqueous layer was separated, and the butanol fraction
was collected and concentrated at 60 °C. The final
concentrate was then subjected to phenolic test. The
resulting phenolic-rich fraction was evaporated to
dryness under reduced pressure using a rotary
evaporator to obtain a crude total phenolic fraction.

2.6.2.
falciparum

Cultivation of chloroquine sensitive Plasmodium

P. falciparum parasites were cultured from the clinical
samples using the procedures described by Trager
and Jensen [30], slight. modifications. Briefly,
chloroquine sensitive P. falciparum-infected blood was
ascertained using the procedure of Prasad et al. [31],

and same was obtained in an EDTA bottle at Gitwe

District Hospital, Rwanda. The anticoagulated blood
sample was spun at 2000 rpm for 5 min and then
aspirated the plasma as well as buffy coat. The red
cells obtained were washed three times with 100%
washing medium (RPMI 1640 incomplete culture
medium). The cells were re-suspended at 5%
haematocrit (hct) in complete culture medium (RPMI
1640, supplemented with human plasma from O
positive blood). Complete malarial culture medium
cMCM (8 mL RPMI + 1 mL Plasma) was pipetted into
tissue culture flask with 1 mL red cells (at approx.
1000 parasites/pL). The tissue culture flasks, with caps
were loosely screwed, then horizontally placed in a
CO: incubator (JP-Selecta S.A. 4002628) at 37 °C for 4
days. Giemsa staining of the smear was carried out to
observe the growth of the P. falciparum isolate.

2.6.3. Evaluation of antiplasmodial activities of phenolic-
rich fraction of E. africana leaf

An in vitro antimalarial study was carried out using
the method described by Ntalani et al. [32], with slight
modifications. Briefly, dried plant extract was
prepared at concentrations ranging from 180.00 to
20.00 pg/mL in methanol serial dilution and then 50
puL/well was preloaded in triplicate into a 96-well
microtitre plate (9 rows) thereafter 50 pL of
Plasmodium culture was added to each well. The
negative control well (10 row) contained only the
plasmodium culture. The microtitre plate was tightly
covered and placed on an orbital rotator shaker for
few minutes. The multiwell plate was then incubated
in a CO2 incubator for 48 h. Thick drops were then
prepared from each well. Thick droplet slides were
read using an optical microscope to determine
parasitaemia and the parasite growth inhibition
percentage was calculated using the following
formula. ICs values were determined using method
described by Eseyin et al. [33].

Parasite Growth Inhibition (%)

_ AV. CPM of control — AV. CPM of extract
B AV.CPM of control

Where, AV. CPM is the average count per minute.

2.7. Data analysis

Data are expressed as the mean + SEM of at least three
determinations. Graphpad prism version 7.0 was used
for statistical analyses while statistical significance
was set at p <0.05.
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3. Results and discussion

Medicinal plant research has grown over time as a
means of identifying promising plants and novel drug
candidates to control diseases such as malaria [34].
Compounds found in the extracts of these plants have
been explored for their biological activities, as
evidenced by in vitro and in vivo investigations of
many diseases. Traditional practitioners, as well as
various ethnic groups have always found solace in
traditional medicines, using various plant parts. In
this study, the leaf extract of E. africana was evaluated,
and its ethanolic form yielded 17.51% of the
powdered sample. A preliminary investigation via
phytochemical analyses of the extract was conducted,
revealing seven considerable secondary metabolites
of varied quantities, as presented in Table 1.

Table 1 Quantitative phytochemical analysis of ethanolic
leaf extract of Entada africana.

S/N Phytochemicals Concentration

(mg/100g)
1 Saponins 0.72+0.01
2 Flavonoids 9.86 + 0.64
3 Tannins 3740+ 1.59
4 Alkaloids 0.70 £ 0.00
5 Glycosides 0.33+0.00
6 Phenolics 91.75 +0.08
7 Terpenoids 1.06 +0.00

Values are expressed as Mean + SEM. for n=3; SEM.-Standard
Error of Mean; n- number of replicates.

For many years, the schizont maturation inhibition
assay has been a standard in vitro method for the
initial antiplasmodial screening of substances from
conventional databases and plants, such as Calotropis
(Ait). R.Br Hedyotis
corymbosa Linn. (Rubiaceae), Andrographis paniculata
Nees (Acanthaceae), etc. [35].

procera (Asclepiadaceae),

This study examined the antioxidant and
antiplasmodial properties of E. africana leaf extracts in
vitro. The investigation mimicked the traditional
method of preparation by selecting ethanol as the
extractant for E. africana leaves. Following preliminary
screening, fractionation was guided by quantitative
phytochemical analysis, which revealed that phenolic
compounds were the most abundant constituents.

The phenolic-rich fraction was prioritized for

antiplasmodial evaluation based on its phytochemical
predominance and the documented relevance of
phenolic compounds to antiplasmodial activity [36].
This method is consistent with bioassay-guided
fractionation, which selects fractions according to
pharmacological plausibility and phytochemical
abundance [14]. Several studies have demonstrated
that polyphenolic chemicals, which are commonly
present in naturally occurring products, have
important biological functions [37]. In this study, only
the antioxidant activity of the crude ethanolic extract
was reported, as it represents the initial extract under
investigation. Antioxidant property of the phenolic-
rich fraction was internally used to prioritize the most
abundant phytochemicals for downstream in vitro
antiplasmodial assays.

The in vitro antioxidant activities were investigated,
and the dose-dependent patterns of ABTS and DPPH
radical scavenging activities of E. africana leaf extract
are presented in Table 2. The stable radical cations
were produced when ABTS was oxidized with
potassium persulfate, which in the presence of the
extract and BTH as hydrogen donating antioxidants,
the blue ABTS radical cations were reduced and
eventually became decolorized in a dose-dependent
pattern. As shown in the table the ABTS scavenging
activity increased with increasing concentration of the
extract and the reference antioxidant solution (BTH).
BTH exhibited antioxidant scavenging activity that
was almost two-fold of the value of the plant extract
at a tested concentration of 40 pg/mL.

In the DPPH assay, the interaction of ELEA or the
standard antioxidant compound, BHT, with DPPH is
based on the transfer of hydrogen atoms or electrons
to the DPPH radical, converting it to 2, 2- diphenyl-1-
picrylhydrazine. The reduction in DPPH radicals
caused discoloration from purple to pale yellow,
indicating the scavenging activity. The antioxidant
of ELEA was
demonstrated at various concentrations (10, 20, 30 and

capacity of the tested doses

40 ug/mL) in a dose-dependent manner. The activities

within the extracts varied with increasing
concentration, with the 40 pug/mL extract
demonstrating the highest DPPH scavenging

potential. The results showed that the extract at 40
pg/mL exhibited maximum ability of 48.28% against
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Table 2. Percentage inhibition of ABTS and DPPH radicals by ethanolic leaf extract of Entada africana.

Concentrations Inhibition (%) of ABTS Inhibition (%) of DPPH
(pg/mL) Sample Reference (BHT) Sample Reference (BHT)
10 31.02 £ 3.84 4496 +0.51 32.68 +2.11 48.55+1.08
20 33.18£4.70 49.64 £2.77 38.41+0.94 62.38 +0.40
30 39.71+£2.05 65.88 +1.90 46.66 + 3.40 87.47 +2.13
40 39.92 £2.66 66.47 +0.18 48.28 +1.23 91.34+1.55

Data are expressed as mean + SD (n =3, p <0.05).

Table 3. Percentage inhibition of free radicals/reactive oxygen species by ethanolic leaf extract of Entada africana compared

with reference antioxidant.

Inhibition (%) of Free radicals/Reactive oxygen species

Assays ELEA (50 mg/mL) GAE (50 mg/mL)
Hydroxyl radical scavenging activity 60.56 + 0.55 85.17 + 0.08
Hydrogen peroxide scavenging activity 57.81+£1.23 36.12+£0.25
Nitric oxide inhibitory potential 15.83 £ 0.61 29.05+0.76
Ferric reducing antioxidant power 13.29 £0.92 64.52 + 0.05
Total antioxidant capacity 12.04 +0.08 23.19+0.68

Data are expressed as mean + SD (n = 3, p < 0.05). ELEA- Ethanolic leaf extract of E. africana; GAE- Gallic acid equivalent.

DPPH radicals as compared to 32.68, 38.41, and 46.66%
at concentrations of 10, 20 and 30 pg/mL, respectively.
This pattern can be interpreted as dose-dependent
inhibition of the radicals generated from DPPH at a
level of significance p < 0.05 among each of the tested
ELEA concentrations, even though significantly lower
(p<0.05) than the values of BHT, which exhibited
almost double of its radical-inhibiting capacity, (91.34
+1.55) at the 40 ug/mL.

The ability of ELEA to scavenge ABTS and DPPH
radicals was lower than that of the reference
antioxidant at all tested concentrations. In the ABTS
radical scavenging assay, as shown in Table 2, the
plant extract exhibited potent activity against ABTS
radicals in concentration-dependent pattern but was
than the

antioxidant. This is in correlation with the study

significantly lower (p<0.05) reference
reported by Chintalapani et al. [38] who found that
various solvent extracted crude samples of Sesuvium
portulacastrum of the whole plant demonstrated lower
(p<0.05) ABTS radical scavenging activities than the
standard antioxidant. In the DPPH assay, the
ethanolic leaf extract of E. africana was able to
neutralize and absorb the free radicals produced by
2,2-diphenyl-1-picrylhydroxyl, stabilizing the free
electrons carried by the free radicals. According to
Dehpour et al. [39], redox processes involve the release

of electrons by radical scavengers to neutralize the
radicals generated by DPPH, a stable nitrogen-
centered radical, thereby reducing its destructive
potential. The study also reported that any compound
capable of donating hydrogen atoms or electrons and
changing color from violet to yellow could be
classified as an antioxidant and thus a radical
scavenger. The moderate DPPH radical scavenging
activity of E. africana leaf extract (Table 2) appears to
be directly related to the phytochemical content of the
leaves. Due to its high phenolic content, the ethanolic
leaf extract of E. africana demonstrated varying levels
of antioxidant capabilites over a range of
concentrations in a dose-dependent manner. This
demonstration of antioxidant activity is in agreement
with the findings of Jorgensen et al. [40], who
suggested that the phenolic chemicals and flavonoids
present in the ethanolic plant extract had an

antioxidative effect on biological systems.

Table 3 shows the antioxidant activities of ELEA in
hydroxyl (OH), hydrogen peroxide (H202), nitric
oxide (NO), total antioxidant capacity (TAC), and
ferric reducing antioxidant power (FRAP) assays. The
results presented in the table indicated that the extract
elicited significantly (p<0.05) lower activity but a
considerable percentage of inhibition at 50 pg/mL of
gallic acid. equivalent. Hydroxyl radical scavenging

Page | 44

https://doi.org/10.56717/jpp.2026.v05101.051



J. Phytomol. Pharmacol. 5(1), 37-50, 2026

Taoheed Olawale Bello et al., 2026

activity was estimated by generating hydroxyl
radicals using ascorbic acid—iron EDTA. This radical
is the most reactive oxygen-centered species and
causes severe damage to adjacent biomolecules. The
hydroxyl radical inhibition potential of the extract
was significantly (p<0.05) lower but exhibited a
positive correlation with gallic acid equivalence
(GAE). Hydrogen peroxide [H20z], although not a
radical, but another reactive oxygen species, was
inhibited by the extract, which demonstrated stronger
(p<0.05) activity
Hydroxyl and hydrogen peroxide are examples of

antioxidant than gallic acid.
reactive oxygen-centered species with the former
being the most reactive followed by peroxynitrite
(ONOO) causing indiscriminate damage to adjacent
biomolecules such as lipids, proteins and DNA [36].
Erkan ef al. [41] suggested that the ability of plant
extracts to donate hydrogen or delocalized electrons
is indicated by the amount of hydroxyl radical that is
mopped up. Several studies have attributed the high
concentration of hydrogen peroxide to its capacity to
permeate biological membranes which can damage
glycolytic enzymes such as glyceraldehyde-3-
phosphate dehydrogenase [42]. Ebrahimzadeh ef al.
[43] suggest that phenolics in extracts could be
responsible for H20: scavenging, since they could
offer it electrons to get neutralized into water and
oxygen molecules. The predominant phytochemical
group in the E. africana extract (Table 1) may be
responsible for the removal of hydrogen peroxide in
the assays. Kamalanathan et al. [44] also reported that
drugs or agents which quench radicals or reactive
oxygen species, serve as better therapeutic for the
stress related disorders such as that from malaria. The
generation of hydrogen peroxide from free heme, a
byproduct of hemoglobin digestion by Plasmodium,
was reported to be inhibited by plant extracts which
could provide a potent antioxidant-modulating
environment, thereby influencing the availability of
heme to bind and inhibit glyceraldehyde-3-phosphate
dehydrogenase (G3PDH), an important enzyme in its
own glycolytic pathway [45]. The inactivation of the
parasites’” G3PDH eventually shuts down energy
processing and availability for their survival due to
the sensitivity to the glycolytic enzyme of the free
hemes. This study suggests a possible mechanism of
parasite growth inhibition that has been widely

reported. Conversely, the integrity of the host’s
G3PDH and energy-producing systems in cells may
be preserved by consuming plant foods high in
antioxidants.

The nitric oxide radical scavenging potential of ELEA
was evaluated using 50 mg/mL of the extract and
gallic acid at equal concentrations. There was a
significant difference (p <0.05) between the NO radical
scavenging potentials of the extract and gallic acid.
Nitric oxide is a reactive nitrogen species (RNS), an
effector molecule in many biological systems, and a
potent  pleiotropic modulator of numerous
physiological processes [46]. It is also a free radical
that can be converted to a stronger oxidant,
peroxynitrite, upon reaction with superoxide anion
radical (O2*). Nimse and Pal [47] reported that natural
antioxidant compounds of plant origin compete with
nitric oxide for superoxide oxygen to prevent the
formation of peroxynitrite, which oxidizes a wide
range of biomolecules [47]. In this study, ELEA
effectively demonstrated NO radical scavenging
activity, which corresponds to the study reported by
Sasikumar et al. [48] but is significantly lower (p<0.05)
than that of gallic acid, a standard antioxidant. This
suggests that the extract contains certain radical-
scavenging compounds, providing empirical support
for the use of E. africana leaves in the treatment of

various diseases.

Ferric reducing antioxidant power (FRAP) is another
assay used to evaluate the electron donating ability of
E. africana ethanol extract. The results of this study
(Table 3) showed that the reducing powers of both
ELEA and the reference antioxidant, at 50 mg/mL,
indicate that the abilities to reduce Fe® to Fe? were
significantly different (p<0.05) between the two
sources, with a lower activity reported in ELEA. Iron
(III) can be reduced to iron (II) in samples by electron
donor compounds [49]. FRAP, including other
antioxidant parameters of a plant extract, implicates
ELEA potential in antimalarial activity. Sadik et al. [50]
reported that extracts rich in electron donating
compounds play a dual role in in vitro antioxidant and
antimalarial activities by scavenging radicals and
inhibiting the parasite growth.

The high phenolic content of the E. africana extract
may have contributed to its ability to scavenge the free
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radicals produced by the reagent solutions in the total
antioxidant capacity (TAC) experiments (Table 3) at
50 mg/mL. This result supports the claim made by
Rice-Evans et al. [51] that plant extracts rich in
phenolic compounds could induce redox, singlet
oxygen quenching, and hydrogen donating activities.

Both the host and parasite are affected by oxidative
stress during malarial pathogenesis [52]. The ROS
cascade is generated by the activation of neutrophils
to facilitate the erythrocytic destruction of the parasite,
while ROS are also produced by the parasite via
hemoglobin degradation. ROS generated from
multiple sources usually result in host tissue damage
in areas such as the vascular endothelial lining and
blood-brain barrier, undermining the antioxidant
defense system. The use of antioxidants strengthens
this system and offers protection against the critical

stages of malaria [52].

In an antimalarial study, the phenolic-rich fraction of
E. africana (6.925% of the powdered sample) was
evaluated for its growth-inhibitory activity against a
clinical isolate of P. falciparum. The fraction exhibited
concentration-dependent growth inhibition of P.
falciparum with an ICso of 28.45 ug/mL (Fig. 1).

Log I1C5¢=1.454 ng/ml

IC50=28.45 pg/ml
R2=0.9435

100

a
o
1

0- H

0.0 0.5 1.0 1.5 2.0 2.5
Log, [E. africana phenolics] (ug/ml)

Growth Inhibition of P. falciparum (%)

Figure 1. In vitro growth inhibition of Plasmodium falciparum
by Entada africana phenolics.

Percentage growth inhibition was plotted against logso-transformed
compound concentration (ug/mL). Data are presented as mean +
SEM (n = 3). A four-parameter logistic nonlinear regression model
was used to determine the ICs value (28.45 ug/mL).

Phenolics are a major group of compounds that act as
primary antioxidants or free radical scavengers [53].
These compounds possess unique features due to
their interaction between the m-electrons of the

benzene ring and the hydroxyl groups. Most
significantly, this connection allows the molecules to
stabilized by
delocalization. Radical-mediated oxidation processes

produce free radicals that are

can be altered by the formation of these comparatively
radicals [54]. The
characteristics of phenolic compounds, which can be

long-lived reported redox
useful in quenching singlet oxygen, free radicals, or
hydrogen peroxides, are primarily responsible for the
antioxidant activities of the compounds [53]. The in
vitro findings of this study are not in contradiction to
those of Builders et al. [55], who reported that the
phenolic extract of Parkia biglobosa showed strong
antimalarial ~ activity as well as excellent
antiplasmodial activity against a clinical isolate of P.
falciparum. Saxena et al. [56] reported that phenolics
are among the many secondary metabolites of plants
that have been shown to suggest a link between
activities. The

antioxidant and antiplasmodial

antiplasmodial  activities of many phenolic
compounds have also been described by Kim et al. [53].
As reported earlier, the leaf extract of E. africana
revealed phenolics (Table 1) as the constituent with
the highest quantity which might be responsible for
its efficacy as an antimalarial plant concoction and

decoction in local settings.

In this study, although the standard drug control,
chloroquine phosphate, evaluated against the isolates
of P. falciparum gave an 1Cso of 0.0061 pg/mL, the ICso
value of E. africana (phenolic-rich fraction) was found
to be 28.45 pg/mL (Fig. 1). However, plant extracts
have been classified as either good or poor potential
More

significantly, based on their in vitro antiplasmodial

drugs based on their ICso values [57].

ICso values, plant extracts' efficacies in terms of
whether they include inherent active biological
components have been divided into four groups [58].
Based on these standards, the in vitro activity of the
phenolic components of E. africana against the clinical
isolate of P. falciparum was considered moderately
active, with an ICso of 28.45 ug/mL, falling into the 5-
50 pg/mL category, which Kumari et al. [58] reported
as good.

The antiplasmodial activity of the phenolic-rich
fraction of Entada africana leaves in this study (ICso =
28.45 ug/mL) exhibited moderate efficacy compared
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to related species within the same genus, although
crude extracts. Notably, ethyl acetate leaf extract of
Entada pervillei was reported to exhibit markedly
higher potency (ICsp = 0.5 pg/mL), indicating a
significantly stronger antiplasmodial effect [59]. In
contrast, the activity of various crude extracts of
Entada abyssinica leaves and stem bark elicited ICso
ranging between 30.26 and 101.26 ug/mL against
chloroquine-sensitive (3D7) and chloroquine-resistant
(Dd2) strains [60]. This is comparable to the results of
present study, suggesting a similar moderate to weak
level of bioactivity between these two species. The
marked difference in activity between E. pervillei and
the other Entada species may be attributed to solvent
variations and phytochemical variability, plant part
used, ecological variations, synergistic and
antagonistic interactions. Therefore, the phenolic
components of E. africana leaves could be considered
a good source of lead candidates for the development

of antimalarial drugs.

4. Conclusions

Malaria is a devastating tropical disease that poses a
financial burden on endemic regions in sub-Saharan
Africa. The challenges faced in developing effective
antimalarial medications have promoted the use of
traditional solutions with medicinal plants. A limited
number of these plants have been scientifically
explored for their ameliorative activities. The results
presented in this study revealed that the ethanolic leaf
extract of E. africana has good antioxidant activity.
Evidence also suggests that the phenolic constituents
of the plant exhibit-active antiplasmodial activity,
with respect to the magnitude of growth inhibition
elicited on a clinical isolate of P. falciparum, although
significantly lower than that of chloroquine (reference
agent). This in vitro study established antioxidant and
antiplasmodial potentials as the dual roles played by
the E. africana leaf extract, corresponding to the
abundance of phenolic secondary metabolites therein.
Therefore, it is essentially to profile the
phytoconstituents using chromatographic techniques
to aid in the isolation of a potential antiplasmodial
lead agent from E. africana leaves.
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