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ABSTRACT

The identification of novel molecules for the development of more effective and safe treatments to fight
malaria is urgently needed. Medicinal plants are one of the main opportunities in the discovery of such new
molecules. Combretaceae is a family members of which have been reported with broad spectrum of
bioactivities against different diseases including malaria. The aim of this study was to screen a number
Combretaceae plants, selected based on the use in ethnomedicine, for antimalarial activity. Methanolic and
acetone extracts of leaves of ten different Combretaceae were screened by applying the inhibition of B-hematin
synthesis, a simple and robust colorimetric assay. The analysis was conducted using a 96-well UV-vis plate
reader and the absorbance was read at 405 nm. The ICs, was calculated by analyzing the dose-response data
using Graphpad Prism® (6.0). Preliminary results showed that eight plant extracts at 25mg/mL demonstrated
appreciable activity by inhibiting the formation of hemozoin. The best inhibitory concentration (ICsq 2.58 £
0.447 mg/mL) was observed in Terminalia ivorensis methanol extract (TIM) which was comparable with
chloroquine standard drug (ICsy 0.55 + 0.179 mg/mL). Moreover, the Terminalia ivorensis methanol extract
showed statistically significant activity (P<0.05) at the different concentrations used, comparable to
chloroquine. Activities studies of the investigated plants confirm the ethnomedicinal use of Terminalia
ivorensis in the treatment of malaria. A bioassay-guided fractionation of the leaf extract of the T. ivorensis is
ongoing.
© 2017 International Formulae Group. All rights reserved.
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INTRODUCTION

Malaria is due to blood infection by
protozoa parasites of the genus Plasmodium,
which is transmitted from one human to
another by female Anopheles mosquitoes.
Nigeria currently holds the largest share of the
world’s burden of malaria, with an estimated
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300,000 deaths annually (RBM, 2008). A key
factor contributing to the increasing malaria
mortality and morbidity in Africa is the
widespread resistance of P. falciparum to
conventional antimalarial drugs that looks
likely to extend to artemisinin combined
therapies in the future (Fidock et al., 2004;
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White 2004; WHO, 2000-2010; Dondorp et
al., 2009).

From the biological sciences point of
view, the intraerythrocytic stage appears to be
a very important part of the plasmodium life
cycle in the human body. It involves digestion
of hemoglobin which provides amino acids
and energy both essential for parasite
development and proliferation (Francis et al.,
1997). To overcome free heme (Fe*®) toxicity,
malaria parasite is equipped with the unique
heme  detoxification protein  disulfide
isomerase (Harwaldt et al., 2002, Campanale
et al., 2003). Most important among the heme
detoxification mechanisms possessed by
malaria parasite is the hemozoin (B-hematin)
formation (Slater and Cerami, 1992; Ziegler et
al., 2001) in the food vacuole of the parasite
(Sherman, 1998). This biosynthetic pathway
used for the hemozoin (B-hematin) formation
was previously shown to be inhibited by
antimalarial drugs from the 4-aminoquinoline
family (Sullivan, 2002; Chong and Sullivan,
2003; Ncokazi and Egan, 2005). These
observations have been used to develop a
simple and rapid colorimetric (Phi-b assay)
based on differential solubilisation and
coordination of Fe(llII)PPIX by aqueous
pyridine (Py—Fe(I1I)PPIX) (Ncokazi and
Egan, 2005). In the presence of an inhibitor,
the synthesis of B-hematin slows down or
even stops and the addition of a buffered
pyridine solution in HEPES allows for the
selective distinguishing of the synthetic
product from hematin. The complex Py-
Fe(I1N)PPIX displays a red coloration and is
detectable by spectroscopy UV-vis with a
maximum of absorption of 404 nm. The
affinity of pyridine to form a complex with
the central iron of a porphyrine forms the
basis of this technique, which is used for the
quantification of heme (Ncokazi and Egan,
2005).

Natural products continue to play a
major role in drug discovery and
development, and medicinal plants have been
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a rich source of many compounds with large
production of bioactive molecules (Butler,
2004; Santos et al., 2011). Therefore, the next
generation antimalarials or the scaffolds
necessary for their synthesis may be found in
plants currently used in African traditional
medicine against malaria (Hostettmann et al.,
2000; Efange, 2002).

This study is based on the broad
spectrum of activities generated from the bio-
prospect of Combretaceae species as widely
reported in literature for the treatment of
inflammation, cancer, urinary infections,
bacterial infections, heart diseases, skin
diseases, malaria among several others (Tan et
al.,, 2002). Combretaceae family comprises
species of trees, shrubs and lianas, with
distribution in tropical and subtropical regions
and is widely used for medicinal purposes in
Africa, Asia, South America and India (Pettit
et al., 1987; Tan et al., 2002). Ethnomedicinal
use of different species of the genera
Combretum and Terminalia has been widely
reported in literature for antimalarial potential
(Clarkson et al., 2004; Atindehou et al., 2004;
Ngemenya et al., 2004; Gedson et al., 2012;
Cock, 2015). The current study investigated
some species of the Combretaceae family for
their antimalarial activities.

MATERIALS AND METHODS
Plant collection

Ten Combretaceae plants (eight
Combretum and two Terminalia species) were
collected and identified by the Curator of the
Botanical garden, University of Ibadan,
Nigeria. Voucher specimens are deposited at
the Forest Research Institute of Nigeria
(FRIN), Ibadan Herbarium.

Plant extraction

The leaves of the ten plants were air
dried and ground to powder. Fifty grams (50
g) each of the powdered plant were extracted
independently with acetone and methanol
using Soxhlet apparatus. Eighteen extracts
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were tested. The extracts were filtered,
concentrated and stored in the refrigerator till
needed for analysis.

Reagents and equipments

Bovine hemin, hydroxyethylpiperazine-
N-[2-ethanesulfonic acid] (HEPES), pyridine
anhydrous 99.8%, sodium acetate, glacial
acetic acid, hydrochloric acid (HCI), sodium
hydroxide (NaOH) were all purchased from
Sigma-Aldrich.

Beta-hematin inhibition assay

The ability of the extracts to inhibit the
formation of beta-hematin in vitro was
determined using the method of Vargas et al.
(2011).

Preparation of solutions

A stock concentration of the plant
extracts was prepared by dissolving 500 mg of
each of the acetone and methanol extracts in
10 mL of acetone and methanol respectively
to make 50 mg/mL. Fresh bovine hematin
solution (0.68 mg/mL) was prepared by
dissolving 6.8 mg of bovine hemin in 10 mL
of 0.IM NaOH for each determination.
HEPES solution (4.76 mg/mL) was prepared
by dissolving 238 mg of HEPES in 50 mL of
distilled water and its pH adjusted to 7.5.
Fifteen percent of pyridine (15%) used for the
assay was prepared by adding 15 mL of
pyridine into 85 mL of HEPES solution.
Saturated acetate solution was prepared by
dissolving 36 g of sodium acetate in 20 mL of
distilled water and 48 mL of acetic acid, and
then pre-warmed at 60 'C before each use.
Qualitative determination of inhibition
beta-hematin formation

25 mg/mL concentration of each of the
ten plant extracts were tested in the beta-
hematin synthesis inhibition. Briefly, 10 pL of
each of the plant extract and chloroquine was
dispensed into wells in columns of 96-well
plates and were tested. Furthermore, 10 pL of
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1M HCI was added to all plant extracts in the
96-well plates. Into the wells in row A and B
100 pL of freshly prepared hematin solution
was added. The test plate was shaken at 900
rpm for 10 minutes. This was followed by
addition of 60 pL of saturated acetate solution
(pH 5.0), pre-warmed at 60 C to all the wells.
The test plate was further incubated at 60 'C
for 90 minutes. Thereafter, 750 uL of 15%
pyridine was added to wells in the row A and
C while 750 pL HEPES (pH 7.5) was added
to wells in row B and D. Thereafter, the test
plate was shaken at 900 rpm for 10 minutes
and allowed to settle for 15 minutes. An
aliquot of 100 pL was transferred in triplicate
to a non-sterilized 96-well plate. The
absorbance was measured at 405 nm with a
Rayto scientific RT-6100 microplate reader.

Determination of the inhibition of beta-
hematin

The inhibition of the beta-hematin
synthesis was determined according to the
process described below. For each sample
tested, there was a control analysis
(Aanalysis:slank) Which differed from the sample
submitted for the analysis (Aanaysis) by the
addition of 750 pL of HEPES (4.76 mg/mL)
instead of pyridine, after incubation. Also, for
each tested sample, a blank control (AcL1:sank)
as well as its blank (AcLtBiankBlank) Were
prepared in the absence of hematin but with
750 pL of 15% pyridine or 750 pL of HEPES.
The residual absorbance (AAanaysis) Of the
sample due to inhibition of B-hematin was
calculated using the following formula:
AAAnelIysis = AAnaIysis - AAnaIysis;BIank
The residual absorbance (AAcitgiank) Of the
sample independent from the inhibition of the
B-hematin complex was calculated using the
following formula:
AACLT;BIankZ ACLT;BIank - ACLTBIank;BIank

The resulting inhibition of the -
hematin synthesis induced by the analyzed
sample was calculated using the following
formula:
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IAnalysis = AAAnalysis - AACLT;BIank

If lanaysis has a positive value, the assay is
considered as positive (active sample)
whereas a negative value indicated a negative
result.

Quantitative  determination of 50%
inhibitory concentration (1Cs)

The above experiment was repeated for
six other concentrations (12.5 to 0.39 mg/mL)
in seven prominently active extracts tested
and chloroquine. The extracts and chloroquine
were tested in triplicates in 96-well plates.
ICs, values were determined using non-linear
regression in a commercially available
statistical package Prism Graphpad® (6.0).

Statistical analysis

Results were expressed as means +
SEM and analyzed using prism Graphpad®
(6.0). Comparisons were made between
positive control (chloroquine) and treatment
groups of various concentrations using one-
way analysis of variance (ANOVA) followed
by Tukey’s multiple comparison tests. The
mean ICs, values obtained for the extracts
were compared with the 1Csy value obtained
for chloroquine using paired t-test. P-values of
0.05 were considered statistically significant.

RESULTS

The result of the qualitative
determination of antimalarial activity of the
plant extracts from members of the
Combretaceae family by the inhibition of f-
hematin formation is shown in Table 1. Both
extracts of two of the medicinal plants tested
(Combretum confertum and Terminalia
mentalis) showed no activity at the
concentration 25 mg/ml used. The Terminalia
ivorensis methanol extract was more active
than the acetone extract. Only Combretum
racemosum showed the same degree of
activity for both extracts. Chloroquine tested
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at 10 mg/ml showed activity, but out of the
eighteen extracts tested in this assay, six (C.
platypterum, C. hispidum, C. racemosum, C.
sordidum acetone extracts and C. racemosum,
T. ivorensis methanol extracts) showed higher
activity than chloroquine.

The result of the quantitative
determination of inhibition of [-hematin
formation at different concentrations is
presented in Figure 1. Terminalia ivorensis
methanol extract (TIM) had the significantly
highest inhibition at all concentrations
compared with other plant extracts. Its
inhibition was also higher than that of
chloroquine even at the lowest concentration
(0.39 mg/mL). Combretum zenkeri and
Combretum racemosum methanol extracts
(CZM and CRM) had medium activity but the
activity was significant in comparison with
chloroquine by two-way ANOVA post
analysis Tukey’s comparison.

The results of the ICs, values and P-
values measured, which show how effective
the extracts are, are shown in Table 2. As
shown in Table 2 and Figure 1, in the
quantitative testing of B-hematin formation
inhibition at different concentrations, CPLA,
CHA, CRA and CSA had no antimalarial
activity while CZM, CRM and TIM showed
appreciable antimalarial activity. CZM, TIM
and CRM showed highly significant
antimalarial activity (ICsy, = 2.92 + 0.846
mg/ml, 1Csy = 2.58 + 0.447 mg/ml and 1Cs =
3.96 £ 0.132 mg/ml respectively) comparable
to the standard antimalarial compound,
chloroquine (ICso = 0.77 mg/ml). But only
TIM was not significantly different when
compared with chloroquine using the one-way
ANOVA post analysis Tukey’s comparison.
Generally in this study, TIM (ICg =2.58 +
0.447 mg/ml) demonstrated remarkable the
most pronounced effect among all the extracts
tested.



O. M. WANDE and S. B. BABATUNDE / Int. J. Biol. Chem. Sci. 11(6): 2971-2981, 2017

Table 1: Results of Antimalarial B-hematin synthesis inhibition at 25 mg/mL of plant extracts,
IAnalysis > 0 is active and % yield in solvent of extraction.

Samples Extraction solvent % yield
Acetone Methanol Acetone Methanol
C. confertum - - 8.4 6.2
C. zenkeri - ++ 19.1 17.4
C. platypterum +++ - 9.5 7.3
C. hispidum +++ - 3.3 2.7
C. racemosum +++ +++ 125 10.9
C. paniculatum + - 4 2.9
C. sordidum +++ NT 7.22 NA
C. dolicopetalum ++ NT 7.34 NA
T. mentalis - - 7.3 5.1
T. ivorensis ++ +++ 125 8
Chloroquine ++
(10 mg/mL)

+++ = High activity, ++ = Moderate activity, + = Low activity, - = No activity, NT = Not Tested, NA = Not Available.

-
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HCPLA
mCHA
@
m
\
S
<
T
Concentration (mg/mL)
N

Figure 1: The inhibition of B-hematin formation at different concentrations determined

spectrophotomically at 405 nm. CZM = C. zenkeri methanol extract, CPLA = C. platypterum acetone extract, CHA
= C. hispidum acetone extract, CRM = C. racemosum methanol extract, CRA = C. racemosum acetone extract, TIM = T.
ivorensis methanol extract, CSA = C. sordidum acetone extract, CQ = Chloroquine.
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Table 2: 1Cs, determination of B-hematin formation inhibition and p-value of T-test comparison

against the standard compound chloroquine.

Extract ICsomg/ml T-test P value
Mean = SEM

CZM 2.92 +0.846 0.0514

CPLA *x Fx

CHA ** **

CRM 3.96£0.132 0.0081

CRA ** **

TIM 2.58 +0.447 0.0736

CSA ** **

CQ 0.55+0.179

Experiment was performed in triplicate and expressed as Mean + SEM, ** No effect
CZM = C. zenkeri methanol extract, CPLA = C. platypterum acetone extract, CHA = C. hispidum acetone extract, CRM =
C. racemosum methanol extract, CRA = C. racemosum acetone extract, TIM = T. ivorensis methanol extract, CSA = C.

sordidum acetone extract, CQ = Chloroquine.

DISCUSSION

Antimalarial activities of different
medicinal plants using the in vitro inhibition
of p-hematin (hemozoin) formation has been
reported by Vargas et al. (2011). The
medicinal plants screened in this study are all
from the family of Combretaceae.

Malaria is a disease caused by the
parasite of the genus Plasmodium. This
parasite ingests more than 75% of the host
hemoglobin during intra-erythrocytic cycle;
therefore, substantial amount of heme is
generated as a toxic by-product from massive
degradation of hemoglobin (Goldberg et al.,
1990; Tekwani and Walker, 2005).
Subsequently, parasite for protecting itself
from the self-produced toxic material has
evolved a process for detoxification through
the crystallization of heme into an insoluble,
nontoxic crystalline pigment known as
hemozoin  (Mojarrab et al., 2014
Bandyopadhyay and Dey, 2011; Sonnet and
Mullie, 2011). Hemozoin is equivalent to -
hematin, which consists of cyclic heme dimers
arranged in an ordered crystalline structure
through intermolecular hydrogen bonding. It
is believed to be the most validated target of
detoxification. From a drug target perspective
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this pathway has been validated for several
antimalarial molecules including the 4-
aminoquinolines (quinine, mefloquine,
amodiaquine and chloroquine) and this is
therefore considered a suitable target for drug
discovery programs (Dorn et al., 1998; Egan
2003). Many different quantitative in vitro
methods based on spectral characteristics and
differential solubility of monomeric heme and
p-hematin have been used for evaluation of
antimalarial activities (Tekwani and Walker,
2005; Ncokazi and Egan, 2005; Wenzel et al.,
2010; Vargas et al., 2011). In this study,
eighteen leaf extracts of ten Combretaceae
species were evaluated for their antimalarial
activities by using an in vitro method. Our
findings revealed that the leaf extracts of eight
species showed inhibition of the formation of
hemozoin (B-hematin), which suggests the
presence of antimalarial compounds in the
leaves. The results showed that extracts with
different mode of extraction exhibit different
degrees of antimalarial activities as shown in
Table 1.

The extraction methods adopted in this
study were based on the fact that many of the
plants studied are prepared in ethnomedicine
by alcoholic decoction (Clarkson et al., 2004;
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Atindehou et al., 2004; Gedson et al., 2012)
and solvents of intermediate polarity have
been shown to possess the highest extraction
capacity for both non-polar and polar
constituents of plants (Eloff et al., 2005; Eloff
et al., 2011). The result on Table 1 shows that
the percentage yield of all the acetone extracts
are higher than that of the methanol, which
suggests that acetone (intermediate polar
solvent) extract more phytocompounds than
methanol (polar solvent) which supports the
report of Eloff et al. (2005).

The pyridine-hemochrome complex
(Py-Fe(lIN)PPIX) formation was monitored
spectrophotometrically at different
concentrations. The protocol for the synthesis
of B-hematin was modified from Vargas et al.
(2011) to adapt it to the screening of plant
extracts as carried out in this present study.
The inhibition of B-hematin formation of an
extract is an indicator of its antimalarial
potential. A high absorbance value of the
sample is an indicator of increased inhibition
of the formation of B-hematin. The inhibition
of B-hematin formation by the extracts is dose
independent as shown in Figure 1. Based upon
the results presented in Figure 1 and Table 2,
among the seven extracts tested for activity
using the p-hematin model, Terminalia
ivorensis methanol extract (TIM) was the
most potent with an 1Csy value of 2.58 + 0.447
mg/ml. Other polar extracts, Combretum
zenkeri (CZM) and Combretum racemosum
(CRM) methanol extracts were also
determined as significantly potent antimalarial
extracts with 1Csy values of 2.92 + 0.846 and
3.96 + 0.132 mg/ml respectively. There is
little information on the antimalarial activities
of these three promising combretaceae.

Cobbinah (2008) reported the presence
of saponins, anthraquinone glycosides,
steroids, triterpenoids, tannins, flavonoids and
polyphenols in various extracts of Terminalia
ivorensis. Ujowundu et al. (2010) reported the
presence of saponins, alkaloids, flavonoids,
tannins and cyanogenic glycosides in the
leaves of Combretum zenkeri. Onocha et al.
(2005) reported the presence of alkaloids,
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steroids, cardiac glycosides, saponins and
tannins in different extracts of Combretum
racemosum. Samuel et al. (2014) in a separate
study isolated a flavonoid from the acetone
extract of Combretum racemosum. This
correlate  with some of the identified
phytochemicals in some Combretum species
as reported by Rodrigues et al. (2012). The
presence of alkaloids in these plants confirms
the findings of Ajaiyeoba et al. (2006) that the
traditional use of the plants for the treatment
of malaria was due to the presence of
alkaloids. Mfopa et al. (2017) in another study
reported the presence of alkaloids in an extract
with antimalarial activity. Alshawsh et al.
(2007) reported that tannins may have
antiplasmodial ~ activity.  The  cardiac
glycosides are wused for treating heart
problems that may result from severe malaria
attack (Fatoba et al., 2003). From
phytochemical screening reports, it was
deduced that plants containing steroids play a
role in the treatment of cerebral malaria, thus
these steroids might have contributed to the
antiplasmodial activity seen in Terminalia
ivorensis and Combretum racemosum (David
et al., 2004). Tannins have also been found to
be potentially anti-viral, anti-bacterial and
anti-parasitic agents (Ene et al., 2008). Dibua
et al. (2013) also identified tannins, saponins,
terpenoids, steroids, glycosides, proteins, fats
and oil, and acidic compounds as possible
antimalarial agents in medicinal plants. Also,
Vargas et al. (2011) using the PB-hematin
model employed in this present study tested
the antimalarial activity of some flavonoids,
alkaloids and tannins compounds, and found
them to be very active comparable to the in
vitro  Plasmodium  falciparum  growth
inhibition assay (NF54) used by several
laboratories as the golden standard in the
antimalarial drug screening. Thus, it is
plausible to assume that all these secondary
metabolites present in these plants could
contribute to the high antimalarial activity
observed and maybe also in other
Combretaceae used traditionally for the
treatment of malaria. The results of this study
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confirm the traditional usage of some of these
plants as reported in literature (Clarkson et al.,
2004; Atindehou et al., 2004; Gedson et al.,
2012).

Beta-hematin assay has the merit to be
informative; the mechanism of action
responsible for their antiplasmodial activity
can be assessed (Vargas et al., 2011). Since
those inhibitors of the hemozoin formation
pathway do not act on a target, but rather
interfere with a physicochemical process, they
are unlikely to face drug cross resistance
issues  related to  4-aminoquinolines,
particularly chloroquine (Vargas et al., 2011).

Moreover, based on previous research,
the presence of lipids and fatty acids in active
extracts and fractions showed synergistic
effects with oleic acid in assay; therefore, the
recorded absorbances were higher than the
negative control. It was shown that the ICs
values were reduced by entirely eliminating
the fatty acids and purifying the active
antimalarial constituents (Afshar et al., 2011;
Mojarrab et al., 2014). Ethnopharmacological
data has been one of the common useful ways
for the discovery of biologically active
compounds from plants (Kuria, 2001).
Furthermore, the  ethnopharmocological
informations gathered from this study could
allow for some rationalization with respect to
the biological potential of the plants used.

Conclusion

The result of this study showed that
Terminalia ivorensis, Combretum racemosum
and Combretum zenkeri possess antimalarial
activities comparable with chloroquine, which
suggests that members of the Combretaceae
family could be potent antimalarial agents.
This justifies their continuous traditional use
as antimalarial remedies. A bio-guided
investigation is ongoing in our laboratory to
isolate, identify and characterize the active
molecule(s) responsible for the observed
antimalarial ~ effect from the  three
Combretaceae species found to be most active
in this study.
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