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Abstract

Pechuel-loeschea leubnitziae is an aromatic and unpalatable shrub traditionally used to treat malaria and related symp-
toms in some regions of Namibia. Despite the importance of P. leubnitziae in the management of malaria, no studies
have evaluated the antiplasmodial activities of this putative antimalarial plant. In this study, antiplasmodial activity
was measured using parasite lactate dehydrogenase assay. The dichloromethane crude extract of the plant showed
marginal antiplasmodial activity with an ICg, of 7.24 pg/ml against Plasmodium falciparum 3D7 strain. Two fractions,
Npk1 F70-77 and Npk1 F78-90, isolated from the extract exhibited enhanced antiplasmodial activity with 1Cs, values of
2.42+0.48 pg/ml and 2.29+0.32 pg/ml, respectively. The fractions were cytotoxic to Chinese hamster ovary mammalian
cells (IC5y=2.75 pg/ml and 2.22 pg/ml for NPk1 F78 and Npk1 F70, respectively). Gas chromatography-mass spectrometry,
Fourier transform infrared and nuclear magnetic resonance spectroscopy confirmed that the antiplasmodial fractions of
P. leubnitziae contain xerantholide (246 g/mol). This is the first report linking xerantholide to antiplasmodial and cyto-
toxic fractions of P. leubnitziae. Results of this study may contribute to the discovery of new drugs from this indigenous
Namibian plant.

Keywords Pechuel-loeschea leubnitziae - Antiplasmodial activity - Cytotoxicity - Xerantholide - Namibia

1 Introduction Eswatini, Namibia, northern regions of South Africa and

Zimbabwe [28]. In Namibia, the plant is dominant near

Pechuel-loeschea leubnitziae, commonly known as wild
sage, bitterbush and stinkbush in English; bitterbos in
Afrikaans; and Oshizimba in the Oshiwambo language of
Namibia, is a multi-stemmed and aromatic plant indig-
enous to Southern Africa [28]. The vernacular names con-
note the very bitter taste and the aromatic nature of the
plant extracts. The only species in the genus, P. leubnit-
ziae occurs in some parts of southern Angola, Botswana,

the Olushandja Dam of north-central Namibia [2]. Accord-
ing to Theron et al. [29], P. leubnitziae occurs on the flood
plains between the Klipneus area and Rooibank. The plant
is found throughout Namibia except in the far north-east-
ern part of the country [19].

Pechuel-loeschea leubnitziae has a chamaephyte growth
form. Itis a shrub with silver-grey felt-like pubescence on
stems and leaves, with leaves tapering petiole-like towards
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the base, lanceolate, entire and up to about 3 cm long [32].
Since it is a woody species with perennating buds close to
the ground, P, leubnitziae is fairly resistant to burning and it
sprouts from the base after the above-ground biomass is
burnt. Pechuel-loeschea leubnitziae produces a large num-
ber of small and wind-dispersed seeds which dominate
the soil seed bank particularly in regions where the plant
has extensive above-ground cover.

Pechuel-loeschea leubnitziae is often used in folk medi-
cine to treat various diseases. An initial report by Van
Damme et al. [31] and recent accounts by Chinsembu
et al. [8] and Mumbengegwi et al. [21] aver that an extract
of this plant’s leaves is taken orally to treat gonorrhoea,
fever, colds, and chest as well as stomach pains. The plant’s
vapour is inhaled by the patient during body steaming for
the treatment of colds and coughs. Topical applications of
fresh leaf extracts of P. leubnitziae are used to treat mea-
sles and as disinfectant for wounds. When the leaves are
warmed, they can be used as a poultice to relieve painful
feet and headaches. An extract of the root is also taken
orally as a remedy for tuberculosis.

In Namibia, many tribes traditionally use P. leubnitziae
for different medicinal purposes. The Herero people of
use boiled leaves as a steam bath to delay menstruation
[32]. The Ovahimba people in the Kunene Region near
Angola use finely ground roots mixed with fat as cosmet-
ics [10]. Regardless of the plant’s bitter taste, cold water
root extracts are used as a remedy for cough, and boiled
leaves are used as steam to alleviate malaria symptoms
such as higher fever and headaches among the Owambo
people [16, 22]. Pechuel-loeschea leubnitziae is also used
and regarded as an effective mosquito repellent [24].

The highest incidence of malaria in Namibia (56.3%) is
in Rundu [8], with 10,501 reported cases in the Kavango
East and West regions [3]. Despite the use of P. leubnitziae
in the relief of malaria in Namibia, no studies have evalu-
ated the in vitro antiplasmodial activities of this putative
antimalarial plant. Using a bio-assay guided fractionation
approach, the aims of the current study were to: test the
in vitro activity of P. leubnitziae extracts against Plasmo-
dium falciparum, elucidate antiplasmodial fractions and
active compounds, and to determine their cytotoxicity.

2 Materials and methods

2.1 Extract preparation and in vitro screening
for antiplasmodial activity

The plant materials used were collected on 25 March 2016
near Rundu town (geographical coordinates 17.64940 S,
015.95758 E) in Kavango East region of Namibia. The
plant’s voucher number is NPK13 and its documentation,
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identification, and authentication was done by the curator
Leevi Nanyeni of the National Herbarium at the National
Botanical Research Institute of Namibia.

The plant aerial materials were dried and ground to fine
powder. Twenty grams were extracted sequentially with
200 ml of each of the following organic solvents in their
increasing order of polarity: hexane, dichloromethane
(DCM) and methanol. The samples were left on a shaker
for 48 h and filtered through Whatman no. 4 filter paper.
The extraction process was repeated sequentially with
organic solvents: hexane, DCM, ethyl acetate and metha-
nol, in their increasing order of polarity. The filtrates sub-
sequently evaporated using a rotary evaporator (Heidolph
Gl, Germany) at 60 °C. The extracts were dried in the fume
hood, weighed, placed in sterile sample bottles and stored
in a refrigerator until required for use. The DCM extract
which shows antiplasmodial activity had a yield of 3.70
percentage per 20 grams.

2.2 Cultivation of malaria parasites

The P. falciparum parasites (3D7 chloroquine (CQ)-sensi-
tive strain) acquired from the Council for Scientific and
Industrial Research (CSIR), Pretoria, South Africa. The par-
asites were cultured as described by Trager and Jensen
[30] with minor modifications. The parasites were main-
tained in RPMI 1640 (BioWhittaker) culture medium sup-
plemented with phenol red, albumax Il (bovine serum
albumin) (Gibco) (25 g/L), HEPES (N-[2-hydroxyethyl]-
piperazine-N’'-[2-ethansulphonic acid]) (6 g/L), 4.25%
of sodium bicarbonate and gentamycin (50 mg/L). The
parasites were cultured in sealed flat bottom flasks and
maintained in washed O* human red blood cells (RBC) at
37 °Cin an atmosphere of 93% N,, 4% CO, and 3% O,.The
haematocrit and parasitaemia were kept between 2 and
4% by diluting with red blood cells. The parasitaemia was
determined microscopically using a Giemsa stained thin
blood smear of culture on the slide.

2.3 Antiplasmodial activity

Stock solutions of 20 mg/ml were made in 100% dime-
thyl sulfoxide (DMSO) and the samples were screened
at 100-5.13x 1073 pg/ml for concentration-response
(threefold dilution). The solvent control, DMSO, was also
screened at corresponding concentrations of the test
samples with the starting concentration of 1% DMSO at
100 pg/ml. The extracts were screened for in vitro anti-
plasmodial activity at full dose concentrations against the
parasites.

The 50% inhibitory activity (ICs, values) was deter-
mined using the parasite lactate dehydrogenase (pLDH)
assay [20]. Threefold dilutions were carried out in complete
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RPMI 1640 culture media in a 96-well plate at a starting
concentration of 200 ug/ml. The parasite at trophozite
stage (2% parasitemia) was then added and incubated
for 48 h at 37 °C in an atmosphere of 93% N,, 4% CO,,
and 3% O,. After incubation, parasite viability relative
to the untreated controls was measured by pLDH assay,
whereby the density of the parasite is indicated by pro-
duction of quantifiable purple crystals of formazan salt.
Concentration-response curves were obtained by plot-
ting percentage parasite survival against the logarithm
of the concentration using the GraphPad Prism software
(GraphPad software, Inc., California, USA). The 50% inhibi-
tory activities (ICs, values) were derived from concentra-
tion-response curves. Chloroquine (1000-0.051 ng/ml)
was used as a positive control, and its IC;, against the
sensitive strain ranges between 7 and 15 ng/ml.

2.4 Fractionation of antiplasmodial extracts
by column chromatography

The DCM extract, which exhibited highest antiplasmodial
activity, was fractionated using column chromatography.
Silica (0.063-0.200 mm) was mixed with hexane to make
a slurry, which was poured into a glass column (60 x4 cm)
and left to settle. The extract was dissolved (20 mg/ml) in
5 ml DCM/Hexane (9:1) and added onto the column, then
washed with 50 ml hexane to wash out the DCM. The wash
was collected in 20 ml in the first 2 glass tubes. The wash
was followed by a slow and constant drop by drop flow of
200 ml of mobile phase: DCM/Hexane (60:40) at flow rate
of ~65 drops per minute. The polarity of the mobile phase
was then increased to DCM/MeOH (9:1). A total of 117 frac-
tions of 10 ml each were collected.

Thin layer chromatography (TLC) was performed on
Whatman aluminium sheets coated with a 0.2 mm layer of
silica (Si gel 60). TLC was used to determine the profiles of
the eluted fractions generated from column chromatogra-
phy. Fractions were spotted on the TLC sheets using 10 pl
capillary tubes. TLC plates were developed in TLC Tank in
the mobile phase DCM/Hexane/EtOAc (6:3:1). The polar-
ity of the mobile phase was increased to a DCM/Hexane/
MeOH (6:2:2) solvent system for the more non-polar frac-
tions generated. The TLC plates were viewed under 254 nm
and 365 nm UV light. Fractions with similar TLC profile
were pooled together, which then yielded a total of 91
fractions including the wash, which was the last fraction.

2.5 Cytotoxicity assay

Determination of cytotoxicity for antiplasmodial active
compounds was done using Chinese hamster ovary (CHO)
cell lines which were procured from Cellonex, South Africa.
The cells were cultivated in Dulbecco’s modified Eagle

medium (DMEM) and F-12 HAMS medium (1:1), supple-
mented with 10% foetal bovine serum and 0.6% strepto-
mycin. Cells were plated at a concentration of 1x 107 cells/
ml and incubated in a 5% CO? incubator for 24 h to adhere.
Medium was aspirated and cells were incubated with ten-
fold serial dilutions (0.001-100 pg/ml) of test samples for
further 48 h. After the incubation, cell viability relative to
untreated controls was determined using a colorimetric
MTT assay, and the IC5, (50% inhibition of cell viability)
value was derived from concentration-response curves.
Emetine was used as positive control. IC5, of emetine
ranges between 0.04 and 0.06 ug/ml. Fractions were 100-
fold less toxic than emetine against CHO cells.

2.6 Structure elucidation

Structure elucidation of antiplasmodial active compounds
was done using standard procedures for gas chromatogra-
phy—-mass spectrometry (GC-MS), Fourier transform infra-
red (FTIR) and nuclear magnetic resonance (NMR) spec-
troscopy. For GC-MS analysis, the sample was dissolved in
DCM. Following the method of Karpagasundari and Kulot-
hungan [17], GC-MS analysis was carried out on Shimadzu
2010 plus comprising AOC-20i auto sampler. The operating
conditions used for GC-MS spectrometry are shown in the
supplementary material Appendix A1. For the NMR, the
sample was dissolved in deuterated chloroform (CDCl;).
Varian 400 MHz spectrometer at 300 K was used; coupling
constant is given in Hertz (Hz). Chemical shift values are
given as & (ppm) relative to TMS ("H and '3C) as internal
standard. Parameters used for Fourier transform infrared
(FTIR) spectroscopy are provided in supplementary mate-
rial Appendix A2.

3 Results and discussion

The DMSO solvent control had no effect on the para-
sites When P. leubnitziae extract (Npk-1D) was screened
against the 3D7 strain of P. falciparum, it showed mar-
ginal activity with an 1C;;=7.24 pg/ml (Fig. 1). Two com-
pounds (Npk1 F70-77 and Npk1 F78-90) isolated from P.
leubnitziae extract (Npk-1D). showed in vitro antiplas-
modial activity against the 3D7 strain (Fig. 2). The two
compounds were isolated in crystal form, and their TLC
profiles is shown in (Fig. 3). Chloroquine showed ICg,
of 8.09 ng/ml; thus, the purified compounds were less
active by 3000-fold compared to CQ against the sensi-
tive strain. Cytotoxicity assays revealed that the isolated
compounds are toxic to the mammalian CHO cells, with
IC5q values of 2.747 pg/ml for Npk1 F78-90 and 1Cs,
2.524 ug/ml for Npk1 F70-77 (Fig. 4). Stated differently,
the compounds were not selective for the P. falciparum;
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Fig.2 Log concentration versus % Parasite survival data used to plot compounds Npk1 F70-77 and Npk1 F78-90 dose-response curves

Fig.3 a shows the TLC profiles for the active fractions of Npk1, and
3B is a purified square crystals compound of fraction Npk1 F78

the desirable selectivity being 10 and above and the
selectivity index=1Cs, plasmodial activity/ICs, cell activ-
ity. The IC5, and Z'-factors of test Npk-1D fractionated
samples and two compounds against 3D7 strain of P.
falciparum are found on (Table 1).
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The functional groups within the chemical structure are
defined as Vmax (KBr)/cm-' 2967(C-15 and C-14 2 X CH,)
2892(C-13 C=CH,), 1755(C-12 0-C=0), 1688(C-3 C=0),
1632(C-5C=0).

GC-MS revealed that the two compounds (Npk1 F70-
77 and Npk1 F78-90) were actually one compound which
was identified as xerantholide (Fig. 5), with a molecular
weight of 246.3042 g/mol. Table 2 shows the "H NMR and
13C NMR data of xerantholide (400 MHz, CDCl,). Due to
the chiral centres at position 1, 7, 8 and 10, it means the
compound has diasteromers. There is, however, a mixture
of similar compounds with different conformations or ori-
entations of the groups attached. FTIR spectra revealed
five functional groups within the chemical structure and
are identified as (C-15 and C-14 2 X CH3), (C-13 C=CH2),
(C-3 C=0) and (C-5 C=C) which are resonating at 2967,
2892, 1755, 1688 and 1632, respectively. Xerantholide is
a sesquiterpenic lactone found in the aerial parts of P.
leubnitziae [1]. It was first isolated from the aerial parts of
the Xeranthemum cylindraceum in 1977 [26]. The "H NMR
spectral data for the compound elucidated by Bohlmann
and Borthakur [1] are not much different from the result
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Table 1 IC,, and Z'-factors of test Npk-1D fractionated samples and
two compounds against 3D7 strain of P. falciparum

Table2 'H NMR and '3C NMR Data of xerantholide (400 MHz,
cDCly)

Test sample ICso (ug/ml) Activity Z'factor  No 'H 8ppm Splitting 13C 5ppm
Npk1 F70-77 2.63+0.48 High 0.84 1 412 dddd 81.2
Npk1 F78-90 2.64+0.32 High 0.84 2a 2.62 dd 41.5
26 2.46 brd M5
3 - 169.3
- 139.9
6a 3.17 m 45.2
6B 251 brd 452
3.01 dddd 442
2.30 m 33.0
9a 246 ddd 40.4
9B 240 ddd 40.4
10 2.31 m 30.9
11 - 138.9
12 169.6
13a 5.58 d 120.1
138 6.28 d 120.1
14 0.73 d 12.7
15 1.93 ddd 414

Fig.5 Chemical structure of the isolated active compound xeran-
tholide from NPK1 F70 and Npk1 F78 with functional groups

of this study (Table 2). The difference in the data might
be due to the presence of enantiomers on the elucidated
compound in this study.

In 1982, xerantholide was also isolated from Anthemis
austriaca [14]. The probable precursor of xerantholide is
a 11,13-dihydro derivative methyl pechueloate and two
norsesquiterpenes, probably formed by degradation of
the corresponding sesquiterpene acid [1, 11]. A mixture
of diasteromers with different conformations and orienta-
tions due to the various functional groups attached to it;
xerantholide is difficult to separate completely [1]. Dur-
ing chemical transformation of xerantholide, two mem-
bers of a diastereomic pair exhibited different chemical

brd broad doublet, d doublet, dd doublet of doublet, ddd doublet
of doublet of doublet, dddd doublet of doublet of doublet of dou-
blet, m multiplet

and physical properties [34]. Good single crystals of the
hydroxyl derivatives could not be prepared and molecular
models did not provide a definitive rationalization; hence,
structural analysis was suggested [34].

A number of sesquiterpene lactones have been shown
to possess in vitro activity against protozoans including P.
falciparum, Trypanosoma brucei rhodesiense, Trypanosoma
cruzi and Leishmania donovani [27, 35]. The most active
sesquiterpene lactones had IC;, values between 0.1 and
0.4 uM, and their activity significantly correlated with cyto-
toxicity against L6 cells [35]. The major determinant for
activity was a,B-unsaturated carbonyl groups which are
known to act as Michael acceptors for biological nucleo-
philes [18].
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Xerantholide is listed among the 96 natural product
fragments that have different chemotypes. It is one of
the sesquiterpene lactones which share the same carbon
backbone as the antimalarial drug artemisinin [33]. Malaria
is common in persons living with HIV [4], and plants tra-
ditionally used to treat malaria are also important in the
management of HIV/AIDS [5, 6, 9]. Given that artemisinin
is an inhibitor of HIV-1 reverse transcriptase [7], P. leubnit-
Ziae extracts containing xerantholide may be useful in the
management of HIV/AIDS.

Although xerantholide is reported as a biologically
active sesquiterpene lactone from the Asteraceae fam-
ily [15], no previous reports have linked this compound
for the in vitro antiplasmodial activity. In Namibia, P. leu-
bnitziae has been studied for its in vitro antibacterial and
antioxidant activities and it was found to have antioxi-
dant function and activity against five laboratory bacte-
rial strains [24]. These benefits might be due to the pres-
ence of anthraquinones, saponins, terpenoids, coumarins,
alkaloids and flavonoids. Bohlmann and Borthakur [1] also
reported that aerial parts of P. leubnitziae contain thymo-
hydroquinone dimethyl ether, sitosterol, stigmasterol and
xerantholide.

A new sesquiterpene lactone geigerianoloide is pre-
sent in Geigeria alata, a plant traditionally used to control
diabetes [12]. Many sesquiterpene lactones isolated from
the family Asteraceae are known to have antiplasmodial
and cytotoxic activities, but the antiplasmodial activity of
xerantholide has not been reported before. This is the first
study to show direct empirical evidence that P. leubnitziae
exerts antiplasmodial activity in vitro. This is also the first
study to demonstrate that the antiplasmodial and cyto-
toxic fractions of P. leubnitziae contain xerantholide.

Previous studies have shown that xerantholide has
pleiotropic effects. In Namibia, P. leubnitziae is also used
as a mosquito repellent [24]. The use of P. leubnitziae to
repel mosquitoes is warranted because Nawrot et al. [23]
also showed that xerantholide isolated from Xeranthemum
cylindraceum acts as a good deterrent and an antifeed-
ant to beetles that infest stored grain. Sesquiterpene lac-
tones are known to have cytotoxic and anti-inflammatory
activities [25]. Xerantholide exhibits cytostatic activity
against HelLa and KB tumour cells as reported by [11, 13].
This is consistent with our findings that fractions imbued
with xerantholide are cytotoxic to CHO cells in addition
to the use of P. leubnitziae to treat inflammatory diseases
in Namibia [16]. Overall, we postulate that xerantholide is
the main antiplasmodial principle in P. leubnitziae. We also
suggest that the antiplasmodial fractions are cytotoxic to
cells due to the presence of xerantholide. This is the first
chemical description related to the antiplasmodial activity
of P. leubnitziae (family Asteraceae), a plant traditionally
used to treat malaria in Namibia.
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4 Conclusions

The study showed that P. leubnitziae extracts and fractions
have in vitro activity against P. falciparum. However, the
antiplasmodial fractions were cytotoxic, most likely due
to the presence of xerantholide. This is the first study to
show that antiplasmodial and cytotoxic fractions of P.
leubnitiziae contain xerantholide. While the results of this
study support the putative use of this plant as a remedy
for malaria in Namibia, the lack of selectivity and cellular
safety exhibited by the antiplasmodial principles would
urge caution in the consumption of the plant. Further
studies on the plant’s genotoxicity and chronic toxicity are
needed to balance its safety when used as an oral remedy
for malaria. It is recommended that pharmacomodulation
studies should be carried out on xerantholide in order to
decrease the compound’s toxicity while maintaining or
improving its activity. Modification of xerantholide’s chem-
ical structure may also open new possibilities in its use as
an anti-cancer agent.
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