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Abstract

Background: Malaria is a parasitic disease that constitutes a major global health concern and the increasing resistance of
Plasmodium falciparum strains to the commonly used antimalarial drugs has resulted in an increase in treatment failures
(Zofou et al.,Malar Res Treat: 561342, 2011). Natural products isolated from plants used in traditional medicine have shown
promising antimalarial actions in vitro, and these plants can serve as potential sources for new antimalarial drugs (Wright
et al.,Phytother Res 8:149–152, 1994); hence, research into the use of medicinal plants for the treatment of malaria would
provide viable options in the effective control of the disease by screening plant extracts for antimalarial activities and also
isolating bioactive components from these extracts using TLC and column chromatographic techniques.
This research was focused on investigating the antimalarial potentials of the stem bark of Feretia canthioides Hiern used in
the traditional treatment of malaria in Nigeria.

Results: In vitro antimalarial tests carried out on the plant extracts and isolated compound in this research revealed that the
methanol extract displayed promising antimalarial activities with an inhibitory concentration (IC50) value of 7.76 μg/ml, the n-
hexane extract showed low activity with an IC50 value of 63.10 μg/ml, while the ethyl acetate and dichloromethane extracts
were found to be inactive with IC50 values above 100 μg/ml. The isolated compound (betulinic acid) showed good
antimalarial activity with an IC50 value of 12.60 μg/ml when compared with chloroquine phosphate which served as the
positive control.
Detailed phytochemical screening of the plant extracts obtained after extraction of the plant material indicated that the
methanolic extract of the stem bark of Feretia canthioides Hiern contained major plant secondary metabolites which include
tannins, alkaloids, terpenoids, flavonoids, steroids, alkaloids, saponins and glycosides. Chromatographic techniques carried out
on the methanolic extract of this plant led to the isolation of a pentacyclic triterpenoid compound identified to be betulinic
acid which is been reported for the first time from the methanolic extract of the stem bark of this plant.

Conclusion: The inhibitory concentration values (IC50) of the methanolic extract and isolated compound in this research
prove that this plant can serve as an effective agent for the treatment of malaria. This research concluded that the stem bark
of Feretia canthioides Hiern can be further investigated as a prospective antimalarial agent.
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Background
Medicinal plants have been utilized over a long period of
time as remedies for treatment of various human diseases
because of their active components of therapeutic value
(Tanaka et al. 2002). These plants have been the basic
source of traditional medicine for many years and have been
vital in drug discovery and development. Malaria is one of
the world's most dreaded disease caused by the parasite
plasmodium falciparum (Zofou et al. 2011).
The rising spread of parasite resistance to antimalarial

drugs in recent times has emerged as one of the greatest
threats facing the control of the disease today with ap-
proximately 300 million cases and about one million
deaths reported worldwide annually (Devi et al. 2014).
These drug-resistant strains of malaria parasites have in-
creased antimalarial drug research over a long period of
time with more attention focused on natural products
(Etkin 2003). A large number of people in Africa cannot
afford the high costs needed for the treatment of malaria
but can readily make use of traditional medicine for the
treatment of malaria (Azas et al. 2002). Isolated com-
pounds from plants used traditionally in medicine have
the potential to serve as rich sources for the development
of novel antimalarial drugs (Wright et al. 1994).
Feretia canthioides Hiern is a medicinal plant belonging

to the Rubiaceae family of plants and is found on the ant-
hills in the northern part of Nigeria and across the Congo
basin to Sudan and East Africa. The plant is myremco-
phyllous, being often found on anthills (Dalziel et al. 2014)
and the stem bark of the plant has been found useful in
the treatment of fever usually associated with malaria
amongst people living in the middle belt northern region
of Nigeria. The plant is also referred to as KuruKuru in
Hausa, Ikpochimalogo in Idoma and Tukulor in Senegal.
Some of the medicinal uses of this plant are derived from
the root which is usually taken as a decoction for treat-
ment of gonorrhoea, syphillis, diabetes and leprosy (Dal-
ziel et al. 2014). This research examined the antimalarial
potentials of the stem bark of this plant to justify its claim
in the traditional treatment of malaria by people living in
rural areas in the northern middle belt region of Nigeria.

Materials and methods
Collection of plant material and authentication
The stem bark of Feretia canthioides Hiern was collected
from Ayeje forest, Edumoga district in Okpokwu Local
Government Area of Benue state, Nigeria, and was au-
thenticated in the herbarium unit of the Department of
Biological Sciences, Ahmadu Bello University, Zaria,
Nigeria, with a specimen voucher number of 4499.
The stem bark of this plant was collected between the

periods of July 2017 to August 2017 in Benue state,
Nigeria. The stem bark of the plant was air-dried and
grounded into powder using a wooden mortar and pestle

and sealed in an airtight polythene bag and stored at
room temperature. The solvents used for extraction of
the plant material were of analytical grade standards.

Extraction of plant material
Microwave-assisted extraction procedure
The plant material (1.4 kg) was divided into 8 different por-
tions each and placed in glass jar bottles. In total, 2.5 L of
n-hexane was divided into the eight portions until it just
covered the top of each of them and they were allowed to
stand for 15min. The bottles were covered tightly and then
irradiated in a microwave oven at 150W at a temperature
of 125 °C and microwaved 4 times each at 3min pulses re-
moved and allowed to cool in between pulses. The micro-
waved plant extract was washed exhaustively using n-
hexane and filtered via a muslin cloth. This procedure was
then repeated using dichloromethane, ethyl acetate and
methanol respectively in order of increasing polarity. The
extracts obtained were then concentrated using a rotary
evaporator at a temperature of 40 °C and allowed to dry at
room temperature (Dubey and Goel 2013).

In vitro antimalarial assay
Cultivation of malaria parasites
An infected blood strain containing active Plasmodium
falciparum parasites was obtained from Barau Dikko
Specialist Hospital Kaduna. The infected blood was col-
lected in a plastic sample bottle. The RPMI 1640 media
supplemented with a 25mM HEPES buffer and glucose
was the culture media used for parasite cultivation accord-
ing to the method adopted by Trager and Jensen (2005).

In vitro antimalarial activities
The in vitro antimalarial activities in this research were per-
formed using 96-well culture microplates, according to
WHO methods, which are based on assessing the inhibition
of schizont maturation (WHO 2000). The antimalarial activ-
ities of the n-hexane, ethyl acetate, dichloromethane and
methanol extracts of Feretia canthioides Hiern including the
isolated compound (betulinic acid) were determined by dilu-
tions with the RPMI 1640 culture media to various concen-
trations of 100, 80, 60, 40 and 20 μg/ml respectively. The
positive control used was chloroquine phosphate (10 μg/ml)
which was added into each culture well. Fifty microlitres of
parasitized blood was then added into each well and incu-
bated under a CO2 incubator at 38 °C for 24 h. After incuba-
tion, contents of the wells were taken and stained for 30
min using a 2% Giemsa solution. The developed schizonts
present in respective plate wells were then counted using an
optical microscope (Olasehinde et al. 2014).

Determination of inhibitory concentration (IC50) values
The inhibitory concentration values of the plant extracts
and isolated compound were determined from schizont
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growth inhibition graphs using Microsoft Excel, which is
a plot of number of schizonts present in each plate well
against the logarithm of concentrations (Mustofa et al.
2007). The optical microscopic determination of the num-
ber of mature schizonts present in respective plate wells at
various concentrations was determined by viewing under an
optical microscope. The inhibitory concentration (IC50)
values were then calculated from a linear equation given as
Y =mx +C, after a trendline was added from a scatter plot
diagram using Microsoft Excel, where Y indicates the per-
centage inhibition denoted as 50, x indicates concentrations,
m indicates a coefficient while C is a constant (Mustofa
et al. 2007). The values of x were then calculated from the
linear equation, and antilog of the values was taken to deter-
mine respective inhibitory concentration values.

Isolation of compound
The methanolic extract (10g) was pre-adsorbed in a
small quantity of ethyl acetate, mixed with a small quan-
tity of silica gel and dried before been loaded unto a
slurry packed silica gel column of dimension 75 by 3.5
cm. The column was eluted continuously using only n-
hexane, followed by n-hexane: ethyl acetate mixtures as
solvent systems used in eluting the column in the ratio
(80:20). Fractions were collected in 10-ml tubes at regu-
lar intervals. After a close inspection using TLC, frac-
tions 25–31 having similar Rf profiles were merged
together. The combined fractions were then dried at

room temperature in a beaker and the formation of
white needle-like crystals was observed. These combined
fractions were spotted using TLC and a single brown
spot was observed on the TLC plate after spraying with
10% H2SO4 and heated in an oven at 112 °C for 3 min.
The isolated compound weighed 0.98 mg and was then
subjected to spectroscopic analysis.

Results
In vitro antimalarial activity of plant extracts represented
as inhibitory concentration (IC50) values
Table 1 below shows the inhibitory concentration values
of the plant extracts which were determined by linear
interpolation from schizont growth inhibition graphs; a
plot of number of schizonts generated from each plate
well against logarithm of concentrations using Microsoft
Excel (Mustofa et al. 2007).
The inhibitory concentration (IC50) values obtained

from the in vitro antimalarial screening of the crude plant
extracts in this study were classified according to their
antimalarial potentials as described by Niharika et al.
(2015). The n-hexane extract obtained from the stem bark
of Feretia canthioides Hiern exhibited a marginal potency/
low activity with an IC50 value of 63.10 μg/ml. The dichlo-
romethane extract and ethyl acetate extract showed in-
activity with IC50 values above 100 μg/ml. The methanolic
extract was found to be promisingly active with an IC50

value of 7.76 μg/ml. This can be attributed to the fact that
methanolic extracts contain most of the bioactive com-
pounds from plant materials which are active on Plas-
modia parasites (Niharika et al. 2015); hence, the isolated
compound in this research was obtained from the metha-
nolic extract of the plant owing to its promising in vitro
antimalarial activity.

Schizont count present in plate wells and inhibitory
concentration values for isolated compound and positive
control
The optical microscopic readings of the number of ma-
ture schizonts present in each plate well for the isolated
compound, and the positive control at various concen-
trations was determined by viewing under an optical
microscope (Table 2). The IC50 values of the isolated
compound and positive control (Table 3) was made from
schizont growth inhibition graphs using Microsoft Excel;
a plot of number of schizonts present in each plate well
against the logarithm of concentrations (Mustofa et al.

Table 1 Inhibitory concentration (IC50) values of plant extracts

Plant extracts IC50 values in (μg/ml)

n-Hexane extract 63.10

Dichloromethane extract 126.00

Ethyl acetate extract 147.91

Methanol extract 7.76

Table 2 Mature schizont count present in plate wells for
isolated compound and positive control (chloroquine
phosphate 10 μg/ml)

Isolated compound
and positive control

Concentration
(μg/ml)

Plate
wells

Number of schizonts
present in respective wells

Isolated compound 100 A1 79

80 A2 77

60 A3 72

40 A4 68

20 A5 55

Positive control 100 B1 96

80 B2 77

60 B3 46

40 B4 40

20 B5 36

Table 3 Inhibitory concentration (IC50) values for isolated
compound and positive control

Isolated compound and positive control IC50 values in μg/ml

Isolated compound 12.60

Positive control (chloroquine phosphate) 40.00
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2007). The inhibitory concentration (IC50) values of the
isolated compound and positive control were deter-
mined to be 12.60 μg/ml and 40.00 μg/ml respectively.

Spectroscopic analysis of isolated compound
Figure 1 below shows the chemical structure of the isolated
compound. A white crystalline compound was isolated and
labelled DZ1. Figure 2 shows the IR spectral data of the iso-
lated compound. The FTIR results of the isolated compound
showed peaks at 2937 cm− 1 and 2870 cm− 1, which revealed
the presence of C-H stretching vibrations for methyl and
methylene groups respectively. A prominent peak was

observed at 1684 cm− 1 indicating the presence of a C=O
bond and other bands appeared in the finger print region.
Figure 3 shows the proton NMR results of the isolated com-
pound. The 1H-NMR showed peaks at 1.81 (2H), 1.53
(2H), 2.52 (2H), and singlets at 2.68 and 1.98 (1H each). A
pair of singlets at -5.44 and 5.56 (1H each) was due to the
presence of vinyl protons at carbon position 29.
Table 4 above shows the 13C-NMR spectral data of the

isolated compound in comparison with that obtained
from literature. The 13C-NMR spectra of the compound
showed a total of 30 carbon peaks, a common feature of
a triterpenoid structure.

Fig. 1 Chemical structure of isolated compound (C30H48O3)

Fig. 2 IR Spectral data of isolated compound
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The 13C-NMR showed peaks at 150.52 (C-22),
177.49 (C-28), 109.82 (C-29), 14.58 (C-27), 77.04 (C-3),
55.63 (C-17), 55.12 (C-5), 50.15 (C-9), 48.73 (C-19),
42.19 (C-14), 46.84 (C-18), 39.43 (C-1), 38.71 (C-4),
39.97 (C-8), 31.93 (C-16), 34.13 (C-7), 36.93 (C-10),
25.29 (C-12), 15.94 (C-25), 37.78 (C-13), 19.14 (C-30),
15.94 (C-24), 29.43 (C-20), 18.17 (C-6), 16.09 (C-26),
28.30 (C-23), 38.71 (C-4), 27.36 (C-2), 30.33 (C-15) and
36.57 (C-21) giving a total of 30 carbon signals. The
13C-NMR of the isolated compound showed that there
were 6 methyl carbons, 11 methylene carbons, 6 methine
carbons, 1 carbonyl carbon and 6 quaternary carbons.
All these put together account for 30 carbon signals
characteristic of betulinic acid.
The 13C-NMR spectroscopic data of the isolated com-

pound was compared with that obtained from literature
(Mahato and Kundu 1993). The comprehensive litera-
ture survey and comparison with different spectral data
identified the compound isolated in this research to be
betulinic acid (Fig. 1).

Discussion
The assessment of the in vitro antimalarial activities of
plant extracts and the isolated compound (betulinic
acid) was done using the schizont maturation inhibition
assay method (WHO 2000). In this method, a thin smear
from each culture well was made on a glass slide and the
parameter that was used for the assessment of in vitro
antimalarial activities was the number of schizonts
present in respective plate wells at various concentra-
tions. This research also compared the antimalarial ac-
tivities of the isolated compound with chloroquine

phosphate which served as the positive control to ascer-
tain the potential of this compound in the treatment of
malaria.
The results of their respective IC50 values reveal that

the isolated compound (betulinic acid) displayed good
in vitro antimalarial activity with an IC50 value of
12.60 μg/ml in comparison with the positive control
which showed moderate in vitro antimalarial activity
with an IC50 value of 40.00 μg/ml according to inhibitory
concentration values as described by Niharika et al.
(2015). The isolated compound in this research has been
shown to exhibit various biological and medicinal prop-
erties such as antimalarial, antibacterial, anthelminthic,
anti-inflammatory and anticancer activities (Moghaddam
and Kermani 2012).
The inhibitory concentration (IC50) value of the iso-

lated compound (betulinic acid) in this research indi-
cates that the compound can serve as a viable drug lead
in the treatment of malaria.

Conclusion
The phytochemical investigation of extracts obtained
from the stem bark of Feretia canthioides Hiern in this
research revealed the presence of vital plant secondary
metabolites responsible for the therapeutic properties of
medicinal plants. A known pharmacologically active tri-
terpenoid, (betulinic acid) has been isolated and charac-
terized for the first time from the stem bark of this
plant. The antimalarial activity result of the isolated
compound (betulinic acid) which was isolated from the
methanolic extract of this plant has proved the potential
of this plant in the treatment of malaria. The fact that

Fig. 3 Proton NMR spectral data of isolated compound
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the stem bark of Feretia canthioides Hiern showed some
level of antimalarial activity while screened in vitro for
antimalarial activities in this research justifies its ethno-
pharmacological use for the traditional treatment of
malaria.
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