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Abstract

Background: The emergence of drug resistant malaria is threatening our ability to treat and control malaria in the
Southeast Asian region. There is an urgent need to develop novel and chemically diverse antimalarial drugs. This
study aimed at evaluating the antimalarial and antioxidant potentials of Acacia nilotica plant extracts.

Methods: The antioxidant activities of leaves, pods and bark extracts were determined by standard antioxidant
assays; reducing power capacity, % lipid peroxidation inhibition and ferric reducing antioxidant power assay. The
antimalarial activities of plant extracts against Plasmodium falciparum parasites were determined by the 48 h
schizont maturation inhibition assay. Further confirmation of schizonticide activity of extracts was made by
extending the incubation period up to 96 h after removing the plant extract residues from parasites culture.
Inhibition assays were analyzed by dose-response modelling.

Results: In all antioxidant assays, leaves of A. nilotica showed higher antioxidant activity than pods and bark.
Antimalarial IC50 values of leaves, pods and bark extracts were 1.29, 4.16 and 4.28 μg/ml respectively, in the 48 h
maturation assay. The IC50 values determined for leaves, pods and bark extracts were 3.72, 5.41 and 5.32 μg/ml
respectively, after 96 h of incubation. All extracts inhibited the development of mature schizont, indicating
schizonticide activity against P. falciparum.

Conclusion: A. nilotica extracts showed promising antimalarial and antioxidant effects. However, further
investigation is needed to isolate and identify the active components responsible for the antimalarial and
antioxidant effects.
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Background
Acacia nilotica (L.) Del. is a medicinal plant belonging
to the family Fabaceae. The plant is widely distributed in
tropical and subtropical regions. A. nilotica is rich in
bioactive compounds and used for prevention and treat-
ment of various ailments and infectious diseases. In
ayurvedic medicine practice, it is believed that leaves,
bark and pods of A. nilotica can be used against cancer,
diarrhea, fever and menstrual problems [1]. The plant is
rich in polyphenolic compounds, in which catechins are hy-
pothesized to possess antioxidant and anti-inflammatory
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activities [2]. A. nilotica has been reported to have inhibi-
tory effect against hepatitis C virus protease [3] and multi-
drug resistant bacterial pathogens [4]. In aerial parts of the
plant, a variety of phenolic compounds were identified with
a wide range of biological activities [5]. In recent years, re-
searchers have tried to isolate strong, nontoxic antioxidants
from edible plants to prevent autoxidation and lipid peroxi-
dation with the aim to replace synthetic antioxidants [6].
Plant extracts containing high amounts of bioactive com-
pounds especially antioxidants, have the potential of being
used in food, agriculture, nutraceuticals, cosmetics and
pharmaceutical products [7].
Malaria is a major parasitic disease, accountable for

approximately 214 million new clinical cases and 0.44
million deaths, globally in 2015. The majority of deaths
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occur in children under the age of five [8]. Most of the
cases were reported in Sub-Saharan Africa (88%),
followed by Southeast Asia (10%) and the Eastern Medi-
terranean region (2%).
The introduction of artemisinin-based combination

therapy has resulted in a substantial decline in malaria
during the last decade. Artemisinin, originally derived
from Artemisia annua, is the most potent antimalarial
class of drugs available today, and they exhibit a substan-
tially faster elimination of parasites compared to other
compounds [9]. However, the recent gains in antimalarial
therapy are threatened by the emerging artemisinin-
resistant P. falciparum malaria in Southeast Asia. Conse-
quently, new drugs and drug combinations are urgently
needed for the treatment of malaria. Ideally, these drugs
should have novel modes of action and be chemically
different from drugs in current use [10]. The use of medi-
cinal plants against various infectious diseases is an age-
long practice, and could provide novel compounds and
drug classes.
The aim of the present work was to investigate the

antioxidant and antimalarial properties of A. nilotica,
traditionally used as medicinal plant.

Methods
Preparation of plant extracts
Leaves, pods and bark of the A. nilotica plant (wild)
were collected from Lahore, Pakistan. The plant was au-
thenticated by Associate Prof. Dr. Hamad Ashraf and
the voucher specimen (Voucher number S6 HbGCS with
Reference number 7998) was deposited to Botany Society
Government College of Science, Lahore, Pakistan. The
plant samples were washed thoroughly with sterilized dis-
tilled water and dried under shade for 48 h. The extraction
of plant samples was conducted following the method as
described by Adwan et al. [11] with slight modifications.
Powdered plant samples (25 g) were placed in 250 ml of
ethanol (80%, v/v) in conical flasks and placed on shaking
incubator (Gallenkamp, UK) at 200 rpm for 72 h at 25 °C.
The extracts were filtered and concentrated by means of a
rotary evaporator (Büchi rotavapor R-144, Switzerland)
followed by lyophilization for 24 h in a freeze dryer (Scan-
vac Cool Safe 55–4, Denmark). The freeze dried extracts
were stored at 4 °C until further use. The stock solutions
(2 mg/ml) of extracts were freshly prepared in ethanol
(40%, v/v) prior to each experiment.

Antioxidant activity of A. nilotica extracts
Determination of reducing power capacity of plant extracts
The reducing power capacity of A. nilotica was esti-
mated by the method as described by Nabavi et al. [12],
with slight modifications. Increasing concentrations (125
to 1000 μg/ml) of each extract were prepared from a
stock solution. The plant extract (2.5 ml) was mixed
with phosphate buffer solution (PBS; 0.2 M, pH 6.6,
2.5 ml) and potassium ferricyanide (2.5 ml, 1% w/v), and
incubated at 50 °C for 20 min. The reaction was stopped
by adding trichloro acetic acid (TCA; 2.5 mL, 10% w/v)
to the reaction mixture. The reaction mixture was
centrifuged at 940×g for 10 min and the supernatant
(2.5 ml) was mixed with ultra-purified water (2.5 ml)
and ferric chloride (0.5 ml, 0.1%, w/v) solution. The ab-
sorbance was then measured at 700 nm by UV- visible
spectrophotometer (UNICAM UV/Vis Spectrophotom-
eter, UK), using ascorbic acid as positive control.

Determination of lipid peroxidation capacity of plant
extracts
Lipid peroxidation activity of A. nilotica extracts was
evaluated by thiobarbituric acid reactive substances
(TBARS) assay following the method of Ohkawa et al.
[13] with slight modifications. The egg yolk homogenate
(10% v/v, in ultrapure distilled water) was used as lipid
rich media. The different concentrations (125–2000 μg/
ml) of A. nilotica extracts were prepared from stock so-
lution. The plant extract (50 μl) was mixed with egg
homogenate (250 μl) in test tube and volume was ad-
justed up to 500 μl by distilled water. Finally ferrous sul-
fate (25 μl, 0.07 M) was added to reaction mixture and
incubated at 25 °C for 30 min to induce lipid peroxida-
tion. Following the incubation period, 750 μl of acetic
acid (20% v/v, pH 3.5), 750 μl of thiobarbituric acid
(0.8% w/v prepared in 1.1% w/v sodium dodecyl sulfate)
and 25 μl of trichloro acetic acid (20% w/v) were added
to reaction mixture and incubated further for 60 min in
boiling water bath. After cooling, 1-butanol (3 ml) was
added and subjected to centrifugation at 940×g for
10 min. The upper organic layer was used to measure
the absorbance at 532 nm by UV- visible spectropho-
tometer. Lipid peroxidation inhibition activity was evalu-
ated by using the non-linear regression functionality in
GraphPad Prism (dose-response analysis) [14].

Determination of ferric reducing antioxidant power capacity
of plant extracts
Ferric reducing antioxidant power (FRAP) assay was
done by the method given by Wong et al. [15], with
slight modifications. FRAP reagent was prepared by mix-
ing acetate buffer (pH 3.6), 2, 4, 6-tripyridyl-s-triazine
(TPTZ, 10 mM) solution prepared in hydrochloric acid
(40 mM) and ferric chloride solution (20 mM) in pro-
portions of 10:1:1 (v/v), respectively. The FRAP reagent
was prepared freshly every time and warmed at 37 °C
prior to use. The plant extract (50 μl of 1 mg/ml) was
added to FRAP reagent (1.5 ml) and incubated for 4 min
at 37 °C. Absorbance was measured at 593 nm by UV-
visible spectrophotometer and ferrous sulfate solution
(100–1000 μM) was used to develop a standard curve.



Fig. 1 Reducing capacity of leaves, pods and bark extracts of
A. nilotica
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Results were expressed as μM of Fe (II)/g of dried ex-
tract. All experiments were conducted in triplicates and
vitamin C was used as positive control.

Antimalarial activity of A. nilotica extracts
Activity of plant extracts against P. falciparum (3D7;
susceptible to artesunate) was evaluated by the schizont
maturation inhibition assay (WHO standard test) follow-
ing the method described by Chotivanich et al. [16] with
slight modifications. The stock solutions of plant extracts
were filtered through 0.45 μm micro filters and diluted in
malarial culture medium (RPMI-1640 supplemented with
0.5% Albumax) to achieve 320 μg/ml. A stock solution of
artesunate (60 mg/ml) was similarly diluted in RPMI-1640
to achieve a concentration of 320 ng/ml. Plant extracts
(320 μg/ml) and artesunate (320 ng/ml) were then sub-
jected to two-fold serial dilutions to obtain final concen-
trations, ranging from 160 to 0.156 μg/ml for plant
extracts and 160 to 0.156 ng/ml for artesunate in 96 wells
drug plates (three drug plates were used, each plate con-
taining three replicates of each extract and three replicates
of artesunate), with the first row of the plate kept as nega-
tive control (no drug). P. falciparum was cultivated in
erythrocytes as host cells in RPMI-1640 supplemented
with 0.5% Albumax. P. falciparum was maintained in the
ring stage as the main experimental stage and synchro-
nized with 5% sorbitol. A 75 μl cell suspension (10%
hematocrit and 1% parasitemia) was introduced in each
drug pre-coated and controlled well and incubated at 37 °
C in the presence of 5% CO2 for 48 h. Following the incu-
bation period cells were harvested and stained by Field’s
stain method. The number of schizonts (≥8 merozoites/
schizont) was counted per 100 infected cells. After
harvesting at 48 h, cells were washed three times with
buffer to eliminate any residual drug/extract and re-
incubated with fresh malarial culture medium for further
48 h to observe the parasite growth. Antimalarial activity
was evaluated by using the non-linear regression function-
ality in GraphPad Prism (dose-response analysis).

Statistical analysis
All experiments were carried out in triplicates and
results are expressed as mean values with standard
deviation (± SD) of three replicates. One-way analysis of
variance (ANOVA) and Tukey tests were carried out to
determine significant group differences (p < 0.05) be-
tween means by using SPSS statistical software package
(SPSS, version 16.0). Lipid peroxidation and antimalarial
activities were evaluated by using the non-linear regres-
sion functionality in GraphPad Prism® version 6.01 (San
Diego, US), i.e. dose vs. normalized response model with
a variable slope. IC50 and Hill-slope values were
computed by fitting relative activity at different concen-
trations of plant extracts and controls. The IC50 value
was defined as concentration of tested drug or plant
extract resulting in 50% of maximum effect compared to
negative control (no drug). The Hill-slope was defined
as the steepness of the dose-response curve.
Results and discussion
Antioxidant activity of A. nilotica extracts
Reducing power capacity of plant extracts
There was considerable variation in the reducing po-
tential among the various parts of A. nilotica (Fig. 1).
The reduction of ferric (Fe+3) to ferrous (Fe+2) in
ferricyanide complex by the presence of antioxidants
resulted in the color change of test solution from yel-
low to blue. This change in color of reaction mixture
indicates the reducing potential of extracts. Moreover,
reducing power capacity of extracts increased in a
concentration-dependent manner. The reducing power
capacities of leaves, pods and bark extracts were
2.57 ± 0.03, 2.53 ± 0.06 and 1.99 ± 0.15, respectively,
and were not significantly different (p < 0.05) from
the ascorbic acid at 1000 μg/ml. The positive control,
ascorbic acid showed almost similar reducing capacity
(2.62 ± 0.07) at 1000 μg/ml.
Addition of plant extracts to test solution during ob-

serving the reducing power assay, resulted in color
change from yellow to green and blue. This shift in color
indicated a reducing power capacity of plant extracts.
The reducing compounds in extracts showed an antioxi-
dant activity by donating hydrogen atoms and thus
blocking the free radical chain reaction [17]. Kalaivani
and Mathew [18], reported that ethanol fractions of A.
nilotica leaves extract showed a reducing potential
equivalent to the positive control (Vitamin C) at concen-
tration of 100 μg/ml.



Table 1 Estimated IC50 values for inhibition of lipid peroxidation
by Acacia nilotica (leaves, pods and bark) and ascorbic acid
(standard)

Parts of Acacia nilotica IC50 (μg/ml) Hill-slope

Leaves 375.5 (326.6–431.8) 1.19 (0.98–1.41)

Pods 486.5 (431.5–548.6) 1.37 (1.14–1.60)

Bark 1105 (929.9–1313) 1.10 (0.86–1.340)

Vitamin C (Control) 230.7 (202.3–263.2) 0.99 (0.84–1.142)

Parameters are presented as mean estimates (95% confidence intervals)
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Lipid peroxidation capacity of plant extracts
All extracts of acacia inhibited lipid peroxidation,
induced by ferrous sulfate in egg yolk homogenate in a
concentration-dependent manner. There was a consider-
able variation in lipid peroxidation inhibition among the
various parts of acacia (Fig. 2). The highest inhibition
(87.39 ± 0.41%) was found by leaves extract at 2000 μg/ml,
whereas it was 83.72 ± 0.61% and 60.53 ± 2.05% for pods
and bark, respectively. The positive control, L-ascorbic acid,
showed comparatively higher inhibition of lipid oxidation
(91.25 ± 0.97%) at 2000 μg/ml as compared to different
parts of acacia.
A lower IC50 value represents a higher potential for

inhibition of lipid peroxidation (Table 1). The leaves
extract showed the lowest IC50 value of 375.5 (326.6–
431.8) μg/ml, whereas, pods and bark extracts showed
IC50 values of 486.5 (431.5–548.6) and 1105 (929.9–
1313) μg/ml, respectively. Ascorbic acid (standard) had
an IC50 value of 230.7 (202.3–263.2) μg/ml. A. nilotica
leaves, pods and bark extracts showed similar inhibition
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Fig. 2 Estimated lipid peroxidation inhibition of Acacia nilotica extracts (leave
using non linear regression. Open circles represent observations, the solid line
the 95% confidence intervals of the mean estimates
of lipid peroxidation as previously reported by Sadiq
et al. [14] for DPPH (1, 1 diphenyl-2-picryl hydrazyl)
inhibition.
The lipid peroxidation induced by Fe+2 is a reliable

system for evaluation of antioxidant potential of differ-
ent plant extracts. Malondialdehyde (degradation prod-
uct of lipid peroxidation) causes cell damage and form a
pink chromogen with thiobarbituric acid. Kalaivani and
Mathew [18], reported that ethanol fractions of A.
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s, pods and bark) and ascorbic acid (standard) at different concentrations,
s represent the estimated mean curves, and the broken lines represent
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nilotica leaves extract showed the highest inhibition of
lipid peroxidation compared to other solvent fractions,
resulting in IC50 values comparable to a positive control
(catechin). The current study showed that ethanol extracts
of A. nilotica leaves showed inhibition of lipid peroxida-
tion comparable to the positive control (Vitamin C).

Ferric reducing antioxidant power capacity of plant extracts
FRAP method is based on reduction of colorless
complex (Fe+3 -TPTZ) to blue colored complex (Fe+2 –
TPTZ) by donation of electrons from antioxidants that
results in stopping the free radical production chain.
FRAP is a simple assay that gives fast and reproducible
results [19]. The leaves extract showed FRAP value
3355 μM of Fe (II)/g of dried extract that was higher
than the other extracts (Fig. 3). The pods and bark were
found to have FRAP values 3167 μM of Fe (II)/g and
2733 μM of Fe (II)/g of dried extracts, respectively. The
positive control vitamin C was found to have FRAP
value of 3529 μM of Fe (II)/g that was not significantly
different from leaves extract (p < 0.05). The ferric
reducing potential of A. nilotica leaves, pods and bark
extracts was found to be higher than that previously
reported for leaves, pods and seeds of A. lecuophloea
Roxb [20].
The phenolic compounds present in plant extracts are

responsible for various biological activities like strong
antioxidants, antidiabetic, antiaging, anticancer and
prevention of cardiac diseases. The qualitative analysis of
leaves, pods and bark extracts of A. nilotica by liquid
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Fig. 3 Ferric reducing antioxidant potential (FRAP) of A.
nilotica extracts
chromatography-electrospray ionization-ion trap-mass
spectrometer (LC-ESI-IT-MS) indicated that all the
tested extracts contained phenolic compounds, belong-
ing to the classes of gallic acid, catechin and gallocate-
chin derivatives [14]. The quantification of phenolic
compounds, carried out by high performance liquid
chromatography/diode array detection (HPLC/DAD)
indicated that the leaves were rich in gallic acid
(87,502 ± 151.1 mg/kg), catechin (82,588 ± 171.3 mg/kg),
isoquercetin (9725 ± 41.6 mg/kg), rutin (6856 ± 15.4 mg/
kg) and quercetin (1637 ± 11.6 mg/kg), whereas, apigenin
(103 ± 1.7 mg/kg) and kaempferol (114 ± 2.1 mg/kg) were
present in minute quantities [14]. The pods were rich in
gallic acid (139,458 ± 191.9 mg/kg), tannic acid
(6874 ± 31.9 mg/kg), catechin (6369 ± 29.2 mg/kg) and
rutin (4026 ± 17.8 mg/kg), whereas quercetin
(592 ± 5.7 mg/kg) and isoquercetin (824 ± 3.8 mg/kg)
were found in minute quantities. The bark extract con-
tained catechin (18,501 ± 71.1 mg/kg), isoquercetin
(7479 ± 119.5 mg/kg), tannic acid (1459 ± 11.4 mg/kg)
and quercetin (1069 ± 17.3 mg/kg) in considerable
quantities.

Antimalarial activities of A. nilotica extracts
The antimalarial activity of A. nilotica extracts (leaves,
pods and bark) were determined by the schizont matur-
ation inhibition assay. Ethanol extracts of leaves, pods
and bark were screened for antimalarial activity against
an artesunate sensitive strain of P. falciparum (3D7).
The schizonticide activities were expressed in terms of
IC50 values, defined as minimum concentration of plant
extracts required to inhibit 50% of schizont maturation.
The schizont maturation inhibition results at 48 h and
96 h by artesunate, leaves, pods and bark extracts are
presented in Figs. 4 and 5, respectively. After 48 h of
incubation, leaves were found more potent than pods
and bark against the plasmodium parasite with an IC50

of 1.29 (1.08–1.49) μg/ml (Table 2). Whereas, the pods
and bark extracts resulted in IC50 values of 4.16 (3.79–
4.53) and 4.28 (3.79–4.77) μg/ml, respectively. The 5 μg/ml
of leaves showed full inhibition of mature schizonts
development while pods and bark extracts showed full
inhibition at 10 μg/ml. Furthermore, the parasites incu-
bated for 96 h (after removing the drug/extract residues
after 48 h) were evaluated for the development of mature
schizonts. The IC50 values estimated for leaves, pods and
bark extracts against P. falciparum after 96 h of incubation
were 3.72 (3.34–4.11) μg/ml, 5.41 (4.59–6.22) μg/ml and
5.32 (4.63–6.01) μg/ml, respectively. The development
of parasites to mature schizonts was interrupted by
all extracts, suggesting schizonticidal activity of A. nilotica
plant extracts against P. falciparum. A. nilotica is a
plant rich in phenolic compounds and alkaloids that
might be responsible for the antimalarial effects. A.
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Fig. 4 Maturation of P. falciparum (3D7) after 48 h incubation with A. nilotica extracts. Open circles represent observations, the solid lines
represent the estimated mean curves, and the broken lines represent the 95% confidence intervals of the mean estimates
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nilotica root extracts showed a significant dose-
dependent reduction in parasite densities of Plasmodium
berghei in infected mice [21]. Methanol extracts of A.
nilotica stem bark showed in vitro antimalarial effects
with IC50 values of 73.59 ± 2.87 and 70.33 ± 1.89 μg/ml
against chloroquine resistant and sensitive P. falciparum
strains, respectively [22]. The bioactive potential of A.
nilotica plant might be due to high total phenolic and
flavonoid contents. As previously reported, total phenolic
contents in leaves, pods and bark were 136.49 ± 2.49,
103.68 ± 1.46 and 62.03 ± 1.69 mg GAE/g of extract and
total flavonoid contents were 37.53 ± 0.82, 29.03 ± 0.92
and 45.5 ± 2.99 mg QE/g, respectively [14].
Clarkson et al. [23] studied the antiplasmodial activ-

ity of various plant extracts, native to South Africa,
against a chloroquine sensitive strain of P. falciparum
(D10) and classified the plants extract with IC50

values ≤10 μg/ml as promising antiplasmodial activity
and plants with IC50 values ≤5 μg/ml were considered
to be highly active against the parasite. In the current
study, the IC50 values of leaves, pods and bark ex-
tracts were all estimated to be less than 5 μg/ml
(1.29, 4.16 and 4.28 μg/ml respectively), indicating a
high antimalarial potential of A. nilotica. Moreover,
Clarkson et al. [23] reported the IC50 values of aque-
ous and dichloromethane/methanol (1:1) extracts of
A. nilotica twigs against P. falciparum (D10) as 32
and 13 μg/ml, respectively, while the parasites (P.
falciparum, 3D7) tested in the current study were
found more susceptible (i.e. lower IC50 values) to
leaves, pods and bark extracts of A. nilotica. In a pre-
vious research report methanol extracts of A. nilotica
seed and husk showed IC50 values less than 5 μg/ml
against both chloroquine sensitive and resistant
strains of P. falciparum [24]. The reported variation
might be due to different plasmodium strains, extrac-
tion solvents and/or due to variations in the phyto-
consituents content present in different parts of the
plant. The phytoconsituents content are also known
to be affected by plant species, maturity, growing
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Fig. 5 Maturation of P. falciparum (3D7) after 96 h incubation with A. nilotica extracts. Open circles represent observations, the solid lines
represent the estimated mean curves, and the broken lines represent the 95% confidence intervals of the mean estimates
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conditions, soil conditions and post-harvest treatment
[25]. The leaves of the A. nilotica were found to be
rich in phenolic compounds compared to pods and
bark extracts [14]. This might explain the higher
antimalarial activity of leaves compared to pods and
bark. The phenolic compounds in plant extracts have
been shown previously to exhibit antimalarial effects
[26], supporting the higher efficacy of A. nilotica
leaves due to high phenolic content. The IC50 value
Table 2 Estimated IC50 values for the antimalarial effects of
Acacia nilotica (leaves, pods and bark) and artesunate (standard)

Parts of Acacia nilotica IC50 after 48 h IC50 after 96 h

Leaves (μg/ml) 1.29 (1.08–1.49) 3.72 (3.34–4.11)

Pods (μg/ml) 4.16 (3.79–4.53) 5.41 (4.59–6.22)

Bark (μg/ml) 4.28 (3.79–4.77) 5.32 (4.63–6.01)

Artesunate (ng/ml) 4.90 (4.50–5.29) 13.36 (12.32–14.39)

Parameters are presented as mean estimates (95% confidence intervals), after
48 or 96 h of incubation
of Artemisia annua crude extract against P. falcip-
arum was reported to be 3.9 μg/ml [27]. The leaves
of A. nilotica showed IC50 values (1.29 μg/ml) lower
than the crude extract of Artemisia annua, indicating
A. nilotica as an important potential source of new
antimalarial compounds.

Conclusion
The leaves, pods and bark extracts of A. nilotica showed
potent antimalarial and antioxidant activities. The results
highlighted that the plant can be used as a source of
natural antioxidants and antiplasmodial compound. The
remarkable antimalarial activity of A. nilotica encourages
the investigation of native and naturalized Asian plants
to explore as a potential source of antimalarial drugs.
Further purification, isolation and identification of active
compounds are needed to develop novel antimalarial
drugs and to characterize in vivo effects and antimalarial
mechanism of action.
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