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Abstract Malaria is an overwhelming impact in the poorest
countries in the world due to their prevalence, virulence and
drug resistance ability. Currently, there is inadequate armoury
of drugs for the treatment of malaria. This underscores the
continuing need for the discovery and development of new
effective and safe antimalarial drugs. To evaluate the in vitro
and in vivo antimalarial activity of the leaf ethyl acetate extract
of Murraya koenigii, bioassay-guided chromatographic frac-
tionation was employed for the isolation and purification of
antimalarial compounds. The in vitro antimalarial activity was
assayed by the erythrocytic stages of chloroquine-sensitive
strain of Plasmodium falciparum (3D7) in culture using the
fluorescence-based SYBR Green I assay. The in vivo assay
was done by administering mice infected with Plasmodium
berghei (NK65) four consecutive daily doses of the extracts
through oral route following Peter’s 4-day curative standard
test. The percentage suppression of parasitaemia was calcu-
lated for each dose level by comparing the parasitaemia in

untreated control with those of treated mice. Cytotoxicity was
determined against HeLa cells using MTT assay.
Histopathology was studied in kidney, liver and spleen of
isolated compound-treated Swiss albino mice. The leaf crude
ethyl acetate extract of M. koenigii showed good in vitro
antiplasmodial activity against P. falciparum. The in vivo test
of the leaf crude ethyl acetate extract (600 mg/kg) showed
reduced malaria parasitaemia by 86.6 % against P. berghei in
mice. Bioassay-guided fractionation of the leaf ethyl acetate
extract of M. koenigii led to the isolation of two purified
fractions C3B2 (2.84 g) and C3B4 (1.97 g). The purified
fractions C3B2 and C3B4 were found to be active with IC50

values of 10.5 ± 0.8 and 8.25 ± 0.2 μg/mL against
P. falciparum, and in vivo activity significantly reduced
parasitaemia by 82.6 and 88.2 % at 100 mg/kg/body weight
on day 4 against P. berghei, respectively. The isolated frac-
tions C3B2 and C3B4 were monitored by thin-layer chroma-
tography until a single spot was obtained with Rf values of
0.36 and 0.52, respectively. The pure compounds obtained in
the present investigation were subjected to UV–visible spec-
troscopy, Fourier transformer infrared spectroscopy, 1D and
2D 1H-Nuclear magnetic resonance (NMR), 13C NMR,
DEPT, COSYand Mass spectral analysis. Based on the spec-
tral analysis, it is concluded that the isolated compounds were
myristic acid (C3B2) and β-caryophyllene (C3B4). The cyto-
toxic effect of myristic acid and β-caryophyllene showed the
TC50 values of >100 and 80.5 μg/mL, respectively against
HeLa cell line. The histopathology study showed that protec-
tion against nephrotoxicity of kidney, hepatic damage of liver
and splenocytes protection in spleen was achieved with the
highest dose tested at 100 mg/kg/body weight. The present
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study provides evidence of antiplasmodial compounds from
M. koenigii and is reported for the first time.

Keywords Malaria . Ethyl acetate extract .Murraya koenigii

Introduction

Malaria caused by protozoan parasite of the genus
Plasmodium is transmitted to man through the bites of female
Anopheles mosquitoes. Plasmodium falciparum, the most
deadly species, predominantly occurs in Africa and is known
to be responsible for 90 % of all world malaria deaths (WHO
2012). In spite of considerable control efforts in many coun-
tries, malaria remains a major cause of global morbidity and
mortality with substantial global public health costs and with
most of the burden in sub-Saharan Africa (Greenwood et al.
2005; Muller 2011). Resistance to the majority of available
antimalarial drugs has been reported in a growing number of
countries worldwide, and such resistance threatens future
progress in malaria control (WHO 2012; Zofou et al. 2012).
WHO recommended treating uncomplicated Plasmodium
falciparum malaria with artemisinin-based combination ther-
apy (ACT) in order to reduce the risk of resistance. However,
resistance to artemisinin derivatives has been recently de-
scribed in Southeast Asia (Noedl et al. 2008; Carrara et al.
2009; Dondorp et al. 2010; Phyo et al. 2012).

The use of plants for malaria treatment extends over at least
three continents, including several countries in Africa,
Americas and Asia (Gurib-Fakim 2006). The most widely
used compounds to treat malaria, quinine fromCinchona bark
and artemisinin from Artemisia annua (Li and Rieckmann
1992), are based on traditional medicine and derived from
plant extracts (Willcox et al. 2004). Hence, the identification
of natural product leads from diverse natural sources that
critically augment the search in anti-parasitic drug discovery
(Bero and Quetin-Leclercq 2011; Li and Vederas 2009;
Newman and Cragg 2012). Murraya koenigii (Rutaceae) is
native to India and distributed in most of Southern Asia. The
leaves of this plant known as curry leaves are widely used in
conventional Indian food preparations since they add charac-
teristic flavour and aroma (Sathaye et al. 2011).

Previous pharmacological study revealed that the methanol
extracts of M. koenigii could decrease insulin secretion when
they were subjected to both in vivo and in vitro antidiabetic
tests (Adebajo et al. 2004). Khan et al. (1995) reported that the
curry leaf has no adverse effects, as evident from the un-
changed blood parameters/constituents and normal histopa-
thology of hepatic tissue rats. The leaf petroleum ether extract
ofM. koenigii has been shown to possess antioxidant potential
and protection against oxidative stress induced in diabetes
(Arulselvan and Subramanian 2007), and the aqueous leaf
extract showed the lipid peroxidation reduction and decrease

cellular damage, thereby protecting liver from ethanol-
induced toxicity (Sathaye et al. 2011). The leaf chloroform
extract ofM. koenigii exhibited profound and exclusive lactate
dehydrogenase inhibitory activity against chloroquine (CQ)-
sensitive (NE) and CQ-resistant (MRC-2) strains of
Plasmodium falciparum and Plasmodium vivax (Keluskar
and Ingle 2012). Simonsen et al. (2001) reported that the stem
ethanol extract showed moderate activity against CQ-
susceptible strain (3D7) of Plasmodium falciparum. Orwa
et al. (2013) have reported that the fruit ethyl acetate extract
of Toddalia asiatica (Rutaceae) showed high activity against
CQ-resistant (W2) and CQ-sensitive (D6) strains of
Plasmodium falciparum as well as against Plasmodium
berghei (ANKA). The leaf ethyl acetate and methanol extracts
of Aegle marmelos showed promising antiplasmodial activity
against CQ-sensitive (3D7) and CQ-resistant (INDO) strains
of Plasmodium falciparum (Kamaraj et al. 2012a).

The carbazole alkaloids isolated from M. koenigii had
significantly antioxidant and radical-scavenging biological
activities (Rao et al. 2007). The major constituents responsible
for the aroma and flavour have been reported as pinenes,
carene, sabinene, caryophyllene, cadinol and cadinene
(Chowdhury et al. 2008; Malwal and Sarin 2010; Onayade
and Adebajo 2000; Rana et al. 2004;Walde et al. 2006). Raina
et al. (2002) confirmed the occurrence of four distinct
chemotypes (β-pinene, α-phellandrene-β-caryophyllene, α-
pinene, β-caryophyllene) of M. koenigii. The compound
myristic acid exhibited significant mosquito attractancy
(P<0.05) against unfed adult female Aedes aegypti (Mathew
et al. 2013), and it was also shown the potential antagonistic
effects against root-knot nematodes, Meloidogyne incognita
(Zhang et al. 2012). Liu and Huang (2012) have reported that
the curcumin-loaded myristic acid microemulsions inhibited
the bacterial growth against Staphylococcus epidermidis and
the myristic acid also exhibited significant anti-HIV activity
(Agarwal et al. 2013). Sivakumar et al. (2011) who have
observed the tetradecanoic acid (myristic acid) exhibited ef-
fective larvicidal activity against Culex quinquefasciatus and
Aedes aegypti. Several biological activities were attributed to
β-caryophyllene, such as anticancer activity against
amelanotic melanoma C32 and human breast adenocarcinoma
MCF-7 cell lines (Tundis et al. 2009), cytotoxic and antioxi-
dative activities against several solid tumour cell lines (Kubo
et al. 1996), weak larvicidal potency against Aedes aegypti
(Doria et al. 2010), effective antimicrobial activity against
Bacillus subtilis and Escherichia coli (Macleod and
Rasmussen 1999), anti-microbial (Alma et al. 2003; Lourens
et al. 2004), anti-oxidant (Singh et al. 2006) and also pos-
sessed skin penetration enhancing properties (Cornwell and
Barry 1994).

Ndjonka et al. (2012) reported the isolated compounds,
polyphenols, geraniin from the leaves of Phyllanthus
muellerianus and ellagic, gentisic and gallic acids isolated

1658 Parasitol Res (2014) 113:1657–1672



from the bark of Anogeissus leiocarpus, which showed sig-
nificant inhibitory activity against Plasmodium falciparum
(3D7). Specicoside, 2β, 3β, 19α-trihydroxy-urs-12-en-28-
oic acid and atranorin isolated from the stem bark ethyl acetate
extract of Kigelia africana exhibited significant
antiplasmodial activity against CQ-resistant (W-2) strain of
Plasmodium falciparum (Zofou et al. 2011). The bioassay-
guided isolation of two antiplasmodial principles, 6-(8′Z-
pentadecenyl)-salicylic acid (1) and 6-(8′Z, 11′Z, 14′Z-
heptadecatrienyl)-salicylic acid (2), have been isolated from
the whole plant petroleum ether extract of Viola websteri and
showed significant activity against CQ-sensitive strain of
Plasmodium falciparum (Lee et al. 2009). Morais et al.
(2012) have reported that the bioactive compound jacaranone
[methyl (1-hydroxy-4-oxo-2,5-cyclohexandienyl) acetate]
was isolated from the leaf methanol extract of Pentacalia
desiderabilis which showed antimalarial activity against CQ-
resistant strain (K1) of Plasmodium falciparum. The flavo-
noids, lupinifolin (1), citflavanone (2), erythrisenegalone (3),
lonchocarpol A (4), liquiritigenin (5) and 8-prenyldaidzein
(6), were isolated from the stem bark ethyl acetate extract of
Erythrina fusca showing notable activity against the multi-
drug-resistant strain (K1) of Plasmodium falciparum
(Khaomek et al. 2008). Shuaibu et al. (2008) have reported
that the leaf, root or stem ethyl acetate and butanolic fractions
of Anogeissus leiocarpus and Terminalia avicennioides ex-
hibited better antiplasmodial activity against CQ-sensitive
(3D7) and CQ-resistant (K1) strains of Plasmodium
falciparum. The stilbene glycosides, piceid (1), piceid-(1→
6)-beta-D-glucopyranoside (2), resveratrol (3), longistylin A
(4) and longistylin C (5), were isolated from the leaf methanol
extract of Parthenocissus tricuspidata exhibiting potential
inhibition against CQ-sensitive (D10) strain of Plasmodium
falciparum (Son et al. 2007).

Inspired by the use of M. koenigii in the treatment of
different diseases, in the present study the bioassay-guided
fractionation ofM. koenigii extract was carried out in order to
evaluate their pharmacological potentials. The objective of the
present study was to identify its bioactive antimalarial com-
ponents by using column chromatographic fractionation, and
structural elucidation was carried out for isolated compounds,
myristic acid and β-caryophyllene.

Materials and methods

Plant material

The leaves of M. koenigii were selected in the present study
based upon their medicinal uses and biological activities. The
material was collected from Malaiyur Hills, Dharmapuri dis-
trict (11° 53′ 28″ N, 078° 30′ 26″ E, altitude 959 m), Tamil
Nadu, South India in May 2012. The taxonomic identification

was made by Dr. C. Hema, Department of Botany, Arignar
Anna Government Arts College for Women, Walajapet,
Vellore, India. The voucher specimens were numbered and
kept in our research laboratory for further reference.

Preparation of plant extracts

The leaves (1.5 kg) were air-dried for 4–7 days in the shade at
environmental temperatures (27–37 °C daytime) and pow-
dered mechanically using a commercial electrical stainless
steel blender and extracted with ethyl acetate (4,600 mL,
Qualigens) in a Soxhlet apparatus (boiling point range 60–
80 °C) for 8 h. The extract was concentrated under a reduced
pressure of 22–26 mmHg at 45 °C, and the residue obtained
was stored at 4 °C.

In vitro cultivation of Plasmodium falciparum

CQ-sensitive (3D7) strain of Plasmodium falciparum was
used in in vitro blood stage culture to test the antimalarial
efficacy of fractions and isolated compounds. The culture was
maintained at the Unit of Nanotechnology and Bioactive
Natural Products, Post Graduate and Research Department
of Zoology, C. Abdul Hakeem College, Melvisharam,
Vellore District, Tamil Nadu, India. Plasmodium falciparum
culture was maintained according to the method described by
Trager and Jensen (1976), with minor modifications.
Plasmodium falciparum (3D7) culture was maintained in
fresh O+ve human erythrocytes suspended at 4 % hematocrit
in Roswell Park Memorial Institute (RPMI) 1640 (Sigma)
containing 0.2 % sodium bicarbonate, 0.5 % albumax,
45μg/L hypoxanthine and 50μg/L gentamycin and incubated
at 37 °C under a gas mixture of 5%O2, 5%CO2 and 90%N2.
Every day, infected erythrocytes were transferred into a fresh
complete medium to propagate the culture (Kamaraj et al.
2012a, b).

Drug dilutions

Stock solutions of CQ were prepared in water (milli-Q grade).
The test compounds were prepared in dimethyl sulfoxide
(DMSO; Qualigens). All stocks were then diluted with culture
medium to achieve the required concentrations (in all cases
except CQ, the final solution contained 0.4 % DMSO, which
was found to be non-toxic to the parasite). Drugs and test
compounds were then placed in 96-well flat bottom tissue
culture grade plates (Dorin et al. 2001; Kumari et al. 2012).

Assay for antiplasmodial activity

The fractions and isolated compounds were dissolved in
0.5 mL of sterile distilled water with 0.4 % DMSO to obtain
a stock concentration of 5 mg/mL. CQ stock concentration of
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0.5 mg/mL was used as positive control, while 0.4 % DMSO
was used as the negative control. From these stock solutions, a
tenfold dilution was made with RPMI 1640 medium (without
bicarbonate). One hundred-microlitre aliquots of diluted ex-
tract dispensed into 96-well plates obtained 6.3, 12.5, 25, 50
and 100 μg/mL as final concentrations against Plasmodium
falciparum (3D7) as per the procedure followed by Smilkstein
et al. (2004). Fifty microlitres of RPMI 1640 medium plus
sodium bicarbonate and serum A+ as complete serum was
aliquoted into all the wells. Twenty-fivemicrolitres of infected
red cells of each isolate was separately added. The starting
parasitaemia was between 2.5 and 5.0 %. However, the neg-
ative controls were without the extract. After this, the plates
were covered, shaken gently and incubated in desiccators at
37 °C for 24–48 h. After incubation, the contents of both the
controls and tested wells were harvested, and the deposited
red cells were transferred to a slide to form thick film. The film
was dried and stained with Giemsa, and the parasites were
assessed for growth. The numbers of schizonts with three or
more nuclei out of a total of 200 asexual parasites were noted.
A graph of percent inhibition of parasite growth against the
concentration of the extract, compounds and the standard
agents was also plotted, and the IC50 values were determined.
CQ (Sigma-Aldrich) was used as standard; infected and unin-
fected erythrocytes were added as positive and negative con-
trols, respectively (Bhat and Surolia 2001; Bagavan et al.
2011a, b).

In vivo bioassay test

Parasite strain

A chloroquine-sensitive Plasmodium berghei (NK 65) obtain-
ed from the National Institute of Malaria Research (NIMR),
Delhi, India was used to assess the in vivo intrinsic antima-
larial activity.

Experimental animals

Male and female mice (Swiss albino mice) weighing 20–30 g,
6 weeks old, obtained from the Institute of Veterinary
Preventive Medicine, Ranipet, Tamil Nadu, India were used
for this study. The mice were grouped and housed in
polyacrylic cages (38×23×10 cm) with three animals per cage
and maintained under standard laboratory condition (temper-
ature at 27±2 °C with dark/light cycle 12:12 h). They were
allowed standard pellet diet (Hindustan Lever Limited,
Mumbai, India) and clean drinking water ad libitum (Shakya
2012). The study was conducted in accordance with the
permission and approval of Government of India, Ministry
of Environment and Forest, New Delhi, India (committee for
the purpose of control and supervision of experiments on
animals; Reg. No. 1011/c/CPCSEA).

Parasite inoculation

Parasitized erythrocytes were obtained from a donor-infected
mouse by cardiac puncture in heparin and diluted with sterile
blood from similar age group mice. Animals were inoculated
intraperitoneally with infected blood suspension (0.2 mL)
containing 106 parasitized erythrocytes lethal inoculum on
day 0. Infected mice with parasitaemia of 5–7 % were allo-
cated to four groups of three mice each (David et al. 2004).

In vivo antiplasmodial bioassay

Experiments were performed using Peter’s 4-day curative
standard test (Peters et al. 1975; David et al. 2004; Peter and
Anatoli 1998) and employing the chloroquine-sensitive
Plasmodium berghei (NK 65). For bioassay test, three mice
were used for isolated compound (C3B2 and C3B4) test
group; chloroquine (standard drug, Sigma) and untreated con-
trol groups of mice were tested separately. Tween 80
(Qualigens) was used as an emulsifier at the concentration of
0.3 % in the final test solution. The plant extracts were orally
administered to the test groups at a different dose level (150–
600 mg/kg body weight) from 0 to 4 days to infected mice of
Plasmodium berghei. Chloroquine (Sigma) was used as a
standard drug with normal saline (0.9 %) at 1.25–5 mg/kg.
Saline (0.9 %) and Tween 80 (0.3 %) with distilled water were
used as control for four experimental days. Treatments were
performed daily for four consecutive days starting 24 h after
infection receiving a total of four oral doses.

Estimation of parasitaemia

The parasitaemia was monitored in all the groups starting
from 0 to 4 days using thick and thin smears of blood
films made from the tail vein of the mice (Ene et al.
2008). The smears were stained with 10 % Giemsa at
pH 7.2 for 15 min and examined under the microscope
at ×100 to assess the level of parasitaemia. The percent-
age parasitaemia was calculated according to the method
outlined by Iwalewa et al. (1997).

Percentage parasitaemia ¼ No: of parasite in treated

No: of parasite in control
� 100

Cytotoxic activity on HeLa cells using MTT assay

The cytotoxic effects of isolated compounds (C3B2 and
C3B4) on host cells were assessed by functional assay as
described by Mosmann (1983) using HeLa cells cultured in
RPMI containing 10 % foetal bovine serum, 0.21 % sodium
bicarbonate (Sigma) and 50 μg/mL gentamicin (complete
medium). Briefly, cells (104 cells/200 μL/well) were seeded
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into 96-well flat bottom tissue culture plates in complete
medium. Drug solutions were added after 24 h of seeding
and incubated for 48 h in a humidified atmosphere at 37 °C
and 5 % CO2. DMSO (as positive inhibitor) was added at
10 %. Twenty microlitres of a stock solution of MTT (5 mg/
mL in 1× phosphate-buffered saline) was added to each well,
gently mixed and incubated for another 4 h. After spinning the
plate at 1,500 rpm for 5 min, supernatant was removed and
100 μL of DMSO (stop agent) was added. Formation of
formazon was read on a microtiter plate reader (Versa max
tunable multi-well plate reader) at 570 nm. Fifty percent
cytotoxic concentration (TC50) of drug was determined by
the analysis of dose–response curves.

Preliminary screening of crude extract

In our earlier study, in preliminary screening, the leaf ethyl
acetate extract of M. koenigii exhibited good antimalarial
activity against CQ-sensitive (3D7) and CQ-resistant
(INDO) strains of Plasmodium falciparum (Kaushik et al.
2013). It showed low cytotoxicity against human HeLa cell
lines with therapeutic index. The leaf ethyl acetate extract of
M. koenigii was selected for bioassay-guided isolation, puri-
fication and identification of bioactive compounds using col-
umn chromatography (Bagavan et al. 2008).

Bioassay-guided fractionation of leaf ethyl acetate extract
of M. koenigii

The residue (yield, 27.63 g, 2.21 %) obtained from the leaf
ethyl acetate extract of M. koenigii was subjected to column
chromatography (gravity), and each fraction obtained was test-
ed in vitro against Plasmodium falciparum (3D7) at the con-
centrations of 6.25, 12.5, 25, 50 and 100 μg/mL. Those frac-
tions showing IC50 values of <15 μg/mLwere considered to be
highly active and selected for further separation by column
chromatography. The active crude leaf ethyl acetate extract of
M. koenigii was subjected to column chromatography (50×
5 cm, gravity, 1:2 charcoal/Si gel, 60–120 mesh, 220 g) to
obtain five fractions A, B, C, D and E by increasing polarity of
elution stepwise with a linear gradient of hexane and ethyl
acetate 100:0 (5×200 mL), 75:25 (19×200 mL), 50:50 (16×
200 mL), 25:75 (5×200 mL) and 0:100 (2×200 mL), respec-
tively (Bagavan et al. 2008). Further elution of the column with
different proportions of chloroform and methanol yielded three
more fractions, namely F, G and H with the elutions of 100:0
(5×200 mL), 50:50 (12×200 mL) and 0:100 (3×200 mL),
respectively. Each fraction (A–H) obtained was tested in vitro
against CQ-sensitive strain (3D7) of Plasmodium falciparum,
and those fractions showing 50 % parasite inhibition in 48 h
alone were selected for further column chromatographic sepa-
ration. Fractions A, B, C, D, E, F, G and H showed the IC50

values of 17.0, 26.5, 6.5, 14.25, 30.2, 38.5, 22.5 and 16.2μg/mL

at the concentrations of 6.25, 12.5, 25, 50 and 100 μg/mL,
respectively. Among the fractions tested, fraction C showed
promising activity with IC50 value of 6.5 μg/mL. Fraction C
was selected for further separation by column chromatography.

Fractions C (16.32 g), C3 (10.43 g), C3B (8.12 g), C3B2
(2.84 g) and C3B4 (1.97 g) were subjected to a subsequent
repeated column chromatography (gravity) separately using
different Si gel meshes (70–320 mesh 240 g and 230–400
mesh 180 g) with varying proportions of hexane and ethyl
acetate as eluents to collect different sub-fractions. Bioassay-
guided fractionation was carried out, and the pure compounds
C3B2 (2.84 g) and C3B4 (1.97 g) were obtained from the
fourth column with the elution of 95:5 (22×50 mL) and 75:25
(8×50 mL). The fractions collected were combined based on
Thin-layer chromatography (TLC) results. The obtained frac-
tions were tested in vitro against CQ-sensitive strain (3D7) of
Plasmodium falciparum, and those fractions showing 50 %
parasite inhibition in 48 h alone were selected. All fractions
were monitored by TLC (pre-coated plate, 0.02 mm thick, E.
Merck, Germany 60 F254) until a single spot was obtained.
The plates were air-dried and exposed in iodine vaporized
chamber to locate the spots. Retardation factor (Rf) values of
isolated fractions C3B2 and C3B4 showed single band (TLC
result) with Rf values of 0.36 and 0.52, respectively. The
identification and characterization of the purified compounds
were done by analysing different spectroscopic data.

Spectral analysis

The pure compounds obtained in the present investigation were
subjected toUV–visible spectroscopy (UV), Fourier transformer
infrared spectroscopy (FTIR), 1D and 2D 1H-Nuclear magnetic
resonance (NMR), 13C NMR, DEPT, COSYand Mass spectral
analysis. UV spectra were recorded on Shimadzu 160A, and IR
spectra were recorded on ThermoElectron (Madison,WI, USA)
instrument. The 1H and 13C NMR spectra were recorded on a
Bruker DRX500NMR instrument operating at 500MHz for 1H
and 125 MHz for 13C at room temperature. Mass spectrum was
obtained using Q-TOFWaters Ultima instrument (Q-TOFGAA
082, Waters, Manchester, UK).

Histopathological studies

In the present study, liver, kidney and spleen were removed
from the experimental mice through the dissection, washed in
0.9 % sodium chloride solution and placed in 10 % formalin
for fixation. The organs were dehydrated by increasing con-
centrations of alcohol (0–100 %) and embedded in paraffin
blocks which were sectioned in 4 μm thickness using Leica
rotary microtome. The sections were stained in haematoxylin
and eosin for parasite visualization and evaluation of tissue
morphology using light microscopy with a camera (×40)
(Labomed, India). Examination of liver, kidney and spleen
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sections was undertaken to determine morphological changes.
Organs were harvested from myristic acid, β-caryophyllene,
chloroquine-treated, untreated (control infected) and non-
infected (control normal) mice (Moore et al. 2008).

Statistical analysis

The parasitaemia was determined, and the doses were per-
formed in triplicate by using three sets of mice for each group.
The results were analysed statistically using one-way and two-
way ANOVA methods to identify the differences between
treated group and control. The data were considered signifi-
cant at P<0.05. The mean % reduction of parasitaemia for
each group was recorded, and the effective dose (ED50) of the
extract was determined from log (dose)/% reduction via an
Excel graph (Traore et al. 2008).

Results

In vitro antiplasmodial activity of purified fraction

Bioassay-guided fractionation of the leaf ethyl acetate extract of
M. koenigii led to the isolation of two purified fractions C3B2
(2.84 g) and C3B4 (1.97 g). The fractions were bioassayed for
in vitro antimalarial activity against CQ-sensitive (3D7) strain
of Plasmodium falciparum. The purified fractions C3B2 and
C3B4were found to be active with IC50 values of 10.5±0.8 and
8.25±0.2 μg/mL, respectively (Table 1).

In vivo antiplasmodial of purified fraction

After the chromatographic separations, the sub-fractions
C3B2 and C3B4 showed promising in vitro antimalarial ac-
tivity against 3D7 strain of Plasmodium falciparum with IC50

values of 10.5 and 8.25 μg/mL, respectively, and showed
single band in TLC result. The in vitro active purified fractions
C3B2 and C3B4 were further evaluated for in vivo activity
against Plasmodium berghei-infected mouse model. The pu-
rified fractions C3B2 and C3B4 significantly reduced
parasitaemia 82.6±2.04 and 88.2±0.69 %, respectively, at
100 mg/kg on day 4 after parasite inoculation. Chloroquine
was tested in parallel which inhibited 96.7±0.86 % at
5 mg/kg. The effective dose (ED50) values were determined
for purified fractions which had significant antimalarial activ-
ities as compared to chloroquine. ED50 values were observed

for C3B2, C3B4 and chloroquine as 144.23±2.42, 112.68±
2.00 and 48.60±2.03 mg/kg, respectively (Table 2). Tween 80
(Qualigens) was used as an emulsifier at the concentration of
0.3 % in the final test solution. Chloroquine (standard drug)
was prepared with normal saline (0.9 %) and Tween 80
(0.3 %) with distilled water used as control for experiments.

Cytotoxic effect of isolated fractions

The cytotoxicity was assessed against HeLa cell line. The
percentage of cell viability was observed in purified fractions
C3B2 and C3B4 at 54.86 and 42.14 % for the highest con-
centration 500 μg/mL. The TC50 values of purified fractions
C3B2 and C3B4 were observed to be >100 and 80.5 μg/mL,
respectively, and exhibited promising therapeutic index 9.52
and 9.76 μg/mL, respectively (Table 3), against HeLa cells.

Rf values of different fractions calculated using TLC

The isolated fractions were monitored by TLC until a single
spot was obtained. The plates were air-dried and exposed to
iodine chamber to locate the spots. Fraction C showed six
bands with Rf values of 0.24, 0.26, 0.32, 0.49, 0.55 and 0.62;
fraction C3 showed four bands with Rf values 0.28, 0.62, 0.68
and 0.76; fraction C3B showed three bands with Rf values of
0.32, 0.46 and 0.64 and fractions C3B2 and C3B4 showed
single band with Rf values of 0.36 and 0.52, respectively. The
identification and characterization of the purified compounds
were elucidated by the analysis of spectroscopic data.

Spectral analysis of compound 1 (C3B2)

The compound 1 of ethyl acetate extract is a colourless solid
(10 mg) with melting point of 53 °C and molecular formula:
C14H28O2. The UV (Me OH) showed a band at 243 nm. The
FTIR spectra for compound 1 (Fig. 1a) and the absorbance
frequencies were obtained at 3,416.19 cm−1 (–OH),
2,920.98 cm−1 (–CH) and 1,712.42 cm−1 (–C=O).

The 1H NMR spectrum (DMSO-d6, 500 MHz) showed a
sharp singlet at δ 1.256–1.315 for nine CH2 in the compound.
The triplet at δ 0.861–0.895 corresponds to the terminal CH3.
The peak at δ 1.300–1.315 corresponds to methyl group. A
broad multiplet found in the range of δ 1.554–1.666 corre-
sponds to CH2. A sharp triplet in the range of 2.325–2.363
corresponds to CH2 (Fig. 1b).

Table 1 In vitro antimalarial ac-
tivity and cytotoxicity of purified
compounds

aMean values of three
replicates±standard deviation

Compound P. falciparum 3D7±SD
(IC50 μg/mL)a

Cytotoxicity±SD
(TC50 μg/mL)a HeLa cell line

Therapeutic index
TC50/IC50 HeLa/3D7

Myristic acid (C3B2) 10.5±0.8 >100±0.0 9.52

β-Caryophyllene (C3B4) 8.25±0.2 80.5±1.9 9.76
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The 13C NMR (DMSO-d6, 125 MHz) showed a
signal at δ 14.11 for methyl carbon (C-14). The signals
at δ 22.693 could be attributed for methylene carbon
C-13 adjacent to methyl carbon. The signal at δ 24.67,
29.06, 29.35, 29.43, 29.59, 29.64 and 29.67 corresponds
to the methylene protons in the structure. The remaining
methylene carbon adjacent to methyl carbon and acid
functionality carbon resonates at δ 31.92 and δ 34.10,
respectively. The –C=O in the acid functionality resonates at
δ 180.46, thus accounting for 14 carbons in the com-
pound (Fig. 1c). The DEPT-135, HSQC and COSY
techniques further confirmed the correlation of carbons
and hydrogen in the molecule. The Gas chromatogra-
phy–mass spectrometry (GC–MS) and High-resolution
mass spectrometry (HRMS) of the compound support the
molecular weight m/z 228.30 (Cal 228.37) (Fig. 1d, e).
Based on the above spectral analysis, it is concluded that the
isolated compound is to be the myristic acid (n-tetradecanoic
acid) (Fig. 1f).

Spectral analysis of compound 2 (C3B4)

Compound 2 of ethyl acetate extract is a colourless liquid
(1mL). The UV (MeOH) showed a band at 243 nm. The FTIR
spectrum for compound 2 is shown in Fig. 2a. The absorbance
frequencies were obtained at 2,949, 2,926 and 2,856 cm−1

(–CH, –CH2, –CH3). The
1H NMR spectrum (DMSO-d6,

500 MHz) showed a broad peak between δ1and 2.5 due to
the presence of more number of aliphatic hydrogens in the
structure (Fig. 2b).

13C NMR (DMSO-d6, 125 MHz) showed that a signal at δ
29.84, 29.36 and 17.91 corresponds to four methyl carbons.
The signals at δ 110.80, 40.35, 34.85, 34.78 and 30.06 corre-
spond to five methylene carbons. The signal at δ 53.56, 48.48,
124.86 and 135.39 corresponds to –CH carbons in the struc-
ture, and the remaining –C– carbon resonates at δ 154.59
(Fig. 2c). The DEPT-135, HSQC and COSY techniques
further confirm the correlation of carbons and hydrogen
in the molecule. The HRMS of the compound supports
the molecular weight m/z 204.39 (Cal 204.09) and had
molecular formula C15H24 (Fig. 2d). Based on the above
spectral analysis, it is concluded that the isolated com-
pound is to be the β-caryophyllene ((trans-(1R, 9S)-4,
11, 11-trimethyl-8-methylenebicyclo [7.2.0] undec-4-ene)
[87-44-5]) (Fig. 2e).

Histopathological studies

The histopathology of kidney section showed normal (non-
infected) architecture of cells in control mice. No significant
lesions were observed in the kidney cells treated with myristic
acid and β-caryophyllene at 100 mg/kg/day once daily for
4 days (Fig. 3a, b, respectively). Figure 3c shows that the
kidney sections of untreated (infected) mice were observed for
malarial pigments in cells and intracellular gaps. Chloroquine
treated mice at 5 mg/kg/day once daily for 4 days, where no
significant lesion was found compared with untreated
control mice. The liver sections of Swiss albino mice
were treated with purified compounds myristic acid, β-
caryophyllene and chloroquine once daily for 4 days.
The normal hepatocytes showed devoid of intracellular
gaps in the liver section of normal control mice. The

Table 2 In vivo antimalarial ac-
tivity of purified compounds from
the leaf ethyl acetate extracts of
M. koenigii tested at 100 mg/kg/
day and chloroquine at 5 mg/kg/
day

Values represent mean±standard
deviation of three independent
values

Compounds Suppression of parasitaemia±SD (%) Effective dose for 50 %
inhibition (ED50±SD μg/kg

Day 1 Day 2 Day 3 Day 4

Myristic acid (C3B2) 26.8±0.45 36.4±1.06 62.4±2.02 82.6±2.04 144.23±2.42

β-Caryophyllene
(C3B4)

22.2±1.24 48.0±1.74 68.2±1.63 88.2±0.69 112.68±2.00

Chloroquine 43.6±0.64 62.3±1.60 75.6±1.47 96.7±0.86 48.60±2.03

Tween 80 0.3 % (v/v)
with distilled water

00.0±0.00 00.0±0.00 00.0±0.00 00.0±0.00 –

Table 3 Cytotoxic effect of purified compounds myristic acid and
β-caryophyllene against HeLa cells

Concentrations Myristic acid
(C3B2) (μg/mL)a

β-Caryophyllene
(C3B4) (μg/mL)a

0.98 98.32±0.25 84.25±1.23

1.95 96.26±1.05 76.94±1.48

3.91 92.24±1.47 72.68±1.02

7.82 84.92±0.58 70.96±1.47

15.65 80.03±1.47 66.58±1.36

31.25 76.02±1.56 61.23±1.22

62.5 72.46±1.23 56.77±1.25

125 68.58±1.58 51.25±1.47

250 62.53±1.6 48.69±0.58

500 54.86±1.05 42.14±1.47

– >100±0.0b 80.5±1.9b

– 9.52c 9.76c

a Values represent the mean±SD, analysed by Graph Pad prism 5
Software
b Cytotoxicity (TC 50) μg/mL
c Therapeutic index TC50/IC50 HeLa/3D7
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myristic acid and β-caryophyllene treated mice at
100 mg/kg/day for 4 days, and no morphological chang-
es of hepatocytes and also normal intracellular gaps
were observed in the liver (Fig. 3d, e, respectively). In
the liver section of untreated mice, infiltration of hepa-
tocytes and deposition of malarial pigment were

Myristic acid

(n-tetradecanoic acid)

O

HO
1 4 6 8 10 12 14

e

f

Fig. 1 (continued)

�Fig. 1 a FTIR spectrum of the compound 1 (C3B2) from the leaf ethyl
acetate extract of M. koenigii. b

1
H NMR spectrum of the compound 1

(C3B2) from the leaf ethyl acetate extract ofM. koenigii. c
13
C spectrum of

the compound 1 (C3B2) from the leaf ethyl acetate extract ofM. koenigii.
dGC–MS of the compound 1 (C3B2) from the leaf ethyl acetate extract of
M. koenigii. e HRMS of the compound 1 (C3B2) from the leaf ethyl
acetate extract ofM. koenigii. f Structure of myristic acid isolated from the
leaf ethyl acetate extract ofM. koenigii (molecular formula: C14H28O2)
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observed (Fig. 3f). Chloroquine treated mice at 5 mg/kg/day
for 4 days, and no significant lesions in the control mice were
observed.

Histopathology photomicrographs of spleen sections of
albino mice treated with myristic acid, β-caryophyllene and
chloroquine once daily for 4 days were shown. Normal texture
of splenocytes showed in control mice. The isolated com-
pounds myristic acid and β-caryophyllene (Fig. 3g, h) treated
mice at 100 mg/kg/day for 4 days, and it was reported that no
lesion was found in splenocytes and normal red pulp in spleen
sections. The spleen sections of untreated mice exhibited
expanded red pulp along with the deposition of malarial
pigments present in the macrophages (Fig. 3i). Chloroquine
treated mice at 5 mg/kg/day for 4 days; no significant lesions
were observed in the control mice.

Discussion

Natural products have been the basis of vast majority of
current antimalarial medicines. Molecules such as quinine,
lapachol and artemisinin have been originally isolated from
herbal medicinal products (Ginsburg and Deharo 2011). The
success of these drugs has broadened the search for natural
plant products as a source of novel drugs for malaria. In the
present study, ethyl acetate extract was subjected to bioassay-
guided fractionation using silica gel column chromatography,
and each fraction was tested for in vitro antiplasmodial activ-
ity against 3D7 strain of Plasmodium falciparum. Among the
tested fractions, C3B2 (myristic acid) and C3B4 (β-
caryophyllene) were found to be most active with IC50 values
of 10.5 and 8.25 μg/mL, respectively against Plasmodium
falciparum (3D7). The in vivo antimalarial activity of isolated
fractions showed significantly reduced parasitaemia of 82.6±
2.04 and 88.2±0.69 %, respectively, at 100 mg/kg/day on
day 4 against Plasmodium berghei (NK65)-infected mice.
Ondo et al. (2012) have proven that the leaf and stem bark
ethyl acetate fraction (EA1) of Vitex madiensis exhibited high
in vitro antiplasmodial activity against CQ-resistant (FCB)
strain of Plasmodium falciparum with IC50 values ranging

((trans-(1R,9S)-4,11,11-trimethyl-8-methylenebicyclo[7.2.0] 
undec-4-ene) [87-44-5])

CH3

H2C

CH3

CH3

-caryophyllene

e

d

Fig. 2 (continued)

�Fig. 2 a FTIR spectrum of compound 2 (C3B4) from the leaf ethyl
acetate extract of M. koenigii. b

1
H NMR spectrum of compound 2

(C3B4) from the leaf ethyl acetate extract ofM. koenigii. c
13
C spectrum

of compound 2 (C3B4) from the leaf ethyl acetate extract ofM. koenigii.
d HRMS of compound 2 (C3B4) from the leaf ethyl acetate extract of
M. koenigii. e Structure of β-caryophyllene isolated from the leaf ethyl
acetate extract ofM. koenigii (molecular formula: C15H24)
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from 0.53 to 4.87 μg/mL. Zofou et al. (2011) have isolated
four compounds from the stem bark ethyl acetate fraction of
K. africana (Bignoniaceae), and the compound specicoside
(1) exhibited the highest activity (IC50=1.54 μM), followed
by 2β, 3β, 19α-trihydroxy-urs-12-en-28-oic acid (2) (IC50=
1.60 μM) and atranorin (3) (IC50=4.41 μM), while p-
hydroxycinnamic acid (4) was reported to possess low activity
(IC50=53.84 μM) against CQ-resistant (W-2) strain of
Plasmodium falciparum. The new bithienyl compound 2-
hydroxymethyl-non-3-ynoic acid 2-[2,2′]-bithiophenyl-5-
ethyl ester isolated from the roots ethyl acetate fraction of
Tagetes erecta exhibited significant schizonticidal activity

against CQ-sensitive and CQ-resistant strains of
Plasmodium falciparum with IC50 values of 0.01 and
0.02 mg/mL, respectively (Gupta and Vasudeva 2010). The
present results revealed that the hexane/ethyl acetate fraction
(C3B4) also showed good activity compared with previous
authors reporting against 3D7 strain of Plasmodium
falciparum with the IC50 value of 8.25 μg/mL.

Severino et al. (2009) have reported that the isolatedmethyl
5,7-dimethoxy-2,2-dimethyl-2H-1-benzopyran-6-propanoate
from the leaves of Hortia oreadica showed promising antima-
larial activity with IC50 value of 23.6 μM against CQ-sensitive
(3D7) strain of Plasmodium falciparum. Similarly, Ramalhete

ba c

d e f

g h i

Fig. 3 a,bMyristic acid- andβ-caryophyllene-treatedmice at 100mg/kg
once daily for 4 days. There is no significant lesion observed in the treated
mice kidney cells. c Deposition of malarial pigments in cells and intra-
cellular gaps in the kidney section of untreated (infected) mice. d, e
Purified compounds myristic acid- and β-caryophyllene-treated mice.
No lesion of lymphocytes and also normal intracellular gaps were

observed in the liver. f Infiltration of lymphocytes in the liver section of
untreated mice. g, h Isolated compounds myristic acid- and β-
caryophyllene-treated mice at 100 mg/kg/day once daily for 4 days,
exhibited normal red pulp and no lesion observed in splenocytes. i
Expanded red pulp in the spleen section of untreated mice
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et al. (2010) have also reported that the isolated balsaminosideA
and karavilagenin E fromMomordica balsamina showed effec-
tive antimalarial activity against 3D7 strain of Plasmodium
falciparum with IC50 values of 4.6 and 7.4 μM, respectively.
The bioactive compounds geraniin isolated from Phyllanthus
muellerianus and ellagic acid isolated from Anogeissus
leiocarpus exhibited potent activity against Plasmodium
falciparum (3D7) with IC50 values of 11.74 and 2.88 μM, re-
spectively (Ndjonka et al. 2012). The new azafluorenone alkaloid
5,8-dihydroxy-6-methoxyonychine (1) and known natural prod-
uct 5-hydroxy-6-methoxyonychine (2) isolated from the roots of
Mitrephora diversifolia (Annonaceae) displayed good antimalar-
ial activity against Plasmodium falciparum (3D7) with IC50

values of 9.9 and 11.4 μM, respectively (Mueller et al. 2009).
Similar study has been conducted by Shuaibu et al. (2008) who
have reported different purified compounds castalagin, ellagic
acid, flavogallonic acid, punicalagin and terchebulin isolated
from the butanolic fraction of Anogeissus leiocarpus and
Terminalia avicennioides (Combretaceae) which showed rela-
tively better activity with IC50 values ranging between 8–21
and 8–40 μg/mL against CQ-sensitive (3D7) and CQ-resistant
(K1) strains of Plasmodium falciparum, respectively. Lee et al.
(2009) have isolated two main antiplasmodial principles, 6-(8′Z-
pentadecenyl)-salicylic acid (1) and 6-(8′Z, 11′Z, 14′Z-
heptadecatrienyl)-salicylic acid (2), from the whole plant petro-
leum ether extract of Viola websteri and showed significant
activity against CQ-sensitive (3D7) strain of Plasmodium
falciparum with IC50 values of 10.1±3.2 and 13.3±6.7 μM,
respectively. The compound stilbene glycoside, piceid-(1→6)-
beta-D-glucopyranoside (2), was isolated from the leaf methanol
extract of Parthenocissus tricuspidata exhibiting most potential
inhibition against CQ-sensitive (D10) strain of Plasmodium
falciparum with IC50 value of 5.3 μM (Son et al. 2007). In the
present observation, the purified compoundsmyristic acid andβ-
caryophyllene also showed promising antimalarial activity com-
pared with earlier authors’ report against 3D7 strain of
Plasmodium falciparum with IC50 values of 10.5 and 8.25 μg/
mL, respectively.

In the present observation, myristic acid and β-
caryophyllene compounds showed potential in vivo
antiplasmodial activity with reducing parasitaemia 88.2±
0.69 and 82.6±2.04 % against Plasmodium berghei (NK65),
respectively. Similarly, Silva et al. (2011) have also reported
the isolated compound 4‐nerolidylcatechol from the root
chloroform/ethanol (1:1) extracts of Piper peltatum which
exhibited significant in vivo antiplasmodial activity evidenced
by suppression of growth up to 63 % against CQ-sensitive
strain of Plasmodium berghei (NK65) at 600 mg/kg/day.
Rukunga et al. (2007) reported the purified five known
spermine alkaloids : budmunchiamine K (1 ) , 6-
hydroxybudmunchiamine K (2), 5-normethyl-budmunchiamine
K (3), 6-hydroxy-5-normethylbudmunchiamine K (4) and 9-
normethyl-budmunchiamine K (5) from the alkaloidal fraction

of Albizia gummifera. These alkaloids showed percentage
chemosuppression of parasitaemia in mice ranging from 43 to
72 % against Plasmodium berghei (ANKA). This is in accor-
dance with the report of earlier authors that the present results
revealed good in vivo antimalarial activity against Plasmodium
berghei-infected mice.

In the present observation, the histological slide showed
histopathology of myristic acid- and β-caryophyllene-treated
kidney section in normal mice kidney cells. Histopathology of
myristic acid- and β-caryophyllene-treated liver section did
not show significant pathological changes in kidney and he-
patic cells compared with control mice on day 4 at 100 mg/kg/
day. This is in accordance with the report of George et al.
(2011) who have proven that the hepatoprotective effects of
aqueous extract of Aframomum sceptrum (350 mg/kg/day)
moderately brought to the central vein, hepatic cell with
preserved cytoplasm and prominent nucleus in Plasmodium
berghei-infected mice were observed. Adewoye et al. (2010)
observed that the bark methanol extract of Chrysophyllum
albidum (750–1,500 mg/kg/day) exhibited significant
(P<0.05) schizontocidal activities against Plasmodium
berghei berghei (NK 65)-infected mice, and the organ and
tissue pathology of hearts, brains, lungs, kidneys, livers,
spleens and stomachs of infected and uninfected mice treated
with the various doses of methanolic bark extract did not show
any appreciable gross and histological changes. Results from
this investigation suggest that the isolated compound β-
caryophyllene exhibited promising antiplasmodial activi-
ties and showed non-toxic to kidney, liver and spleen of
Plasmodium berghei (NK65)-infected mice administered
at 100 mg/kg/day. It was observed that the artesunate
and artelinate administered at 30–240 mg/kg were safer
and exhibited less toxic effects in Plasmodium berghei-
infected rats whereas it was reported that in the unin-
fected rats, both drugs caused irreversible vascular irri-
tation, reversible nephrotoxicity and no neurotoxicity at
high doses (Li et al. 2007).

In conclusion, myristic acid (1) and β-caryophyllene (2)
which are active against in vitro and in vivo antimalarial
activity against CQ-sensitive (3D7) strain of Plasmodium
falciparum and Plasmodium berghei (NK65), have low cyto-
toxic effect against HeLa cells and have histopathology of
liver, kidney and spleen microscopic examination clearly
indicated no pathological changes in the control and
purified fraction and combined fraction in treated mice.
The compounds myristic acid (1) and β-caryophyllene
(2) have been isolated and identified for the first time to
study from the leaves of M. koenigii. The structures
have been elucidated by systematic analysis of various
spectral data obtained for each compound. The isolated
compound structures were elucidated by the bioassay-
guided fractionation of crude natural plant extract. The
present study results revealed the development of
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natural drug formulations against malarial disease and
revealed that the formulation may be safer and environ-
mental friendly and might replace the existing drugs.
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