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Multidrug resistance Plasmodium falciparum remains a significant global health problem worldwide.
New alternative antimalarial drugs are urgently needed. Dioscorea membranacea Pierre. is a Thai-
medicinal plant that has been shown to exhibit a wide range of pharmacological activities. The study
aimed to investigate antimalarial activity and possible protein targets of action of the crude ethanolic
extract of the rhizome of this plant. The in vitro antimalarial activity expressed as ICsq (cOncentration
that inhibits the parasite growth by 50%) of the extract against 3D7 chloroquine-sensitive P. falciparum
and K1 chloroquine-resistant P. falciparum clones were 10.1 (8.8-10.3) and 9.3 (9.17-9.63) pg/ml [median
(range)], respectively. The cytotoxicity of against the human fibroblast cell OUMS-36T-1F was 96.4 (96.3-
96.5) pg/ml. The selectivity index (SlI) for the 3D7 and K1 clones was 9.5 and 10.4, respectively.
Preliminary investigation of the protein targets of action in 3D7 P. falciparum clone revealed 13 up-
regulated protein spots and 14 down-regulated protein spots. For further development of D.
membranacea Pierre. as a promising antimalarial drug candidate, identification of these proteins by
mass spectrometry and investigation of their mode of antimalarial actions are encouraged.
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INTRODUCTION

Malaria is a vector-borne disease that remains a
significant public health problem in tropical and
subtropical regions of the world (World Health
Organization, 2017). The emergence and spread of
multidrug-resistant Plasmodium falciparum have become
problematic for controlling malaria in most endemic
regions of the world including Thailand. Nevertheless,

antimalarial chemotherapy remains the mainstay for
controlling malaria in the absence of effective vaccines.
There is a pressing need for ongoing drug discovery
research that will provide safe, effective, and affordable
antimalarial agents. Several approaches have been
applied for searching for new antimalarial drugs. Among
these is investigation of natural - product-derived
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compounds for their potential antimalarial activity.
Dioscorea membranacea Pierre. locally known in Thai as
‘Hua-Kao-Yen-Tai’, has long been used as a common
ingredient in several Thai medicinal preparations
including those for treatment of dermopathy, lymphopathy,
inflammation, cancers, neural diseases, and leprosy
(Itharat, 2010). The antimalarial activity of this plant has
recently been reported by Thiengsusuk et al. (2013). The
crude extract of the plant rhizome showed potent
antimalarial activity with median ICsq (the concentrations
that inhibit the parasite growth by 50%) values of less
than 10 pg/ml against both K1 (chloroquine resistant) and
3D7 (chloroquine sensitive) P. falciparum clones. The
objective of the present study was to confirm the
antimalarial activity and identify possible protein targets
of antimalarial action of the crude ethanolic extract of D.
membranacea Pierre. (rhizome) wusing proteomics
approach.

MATERIALS AND METHODS
Chemicals and reagents

RPMI, HEPES, and gentamicin were supplied by Gibco BRL Life
Technologies (Grand Island, NY, USA). Chloroquine, SYBR Green |
and 3-(4,5-dimethyl-2 thiazoyl)-2,5-diphenyl-2H-tetrazolium bromide
(MTT) were purchased from Sigma-Aldrich Inc. (St. Louis, MO,
USA). Ethanol was purchased from Labscan Co. Ltd. (Bangkok,
Thailand).

Crude extract of D. membranacea Pierre. (rhizome), chemicals,
and reagents

The crude extract of D. membranacea Pierre. was prepared by
maceration method (Itharat et al., 2003). In brief, the plant rhizome
was washed, cut into small pieces, air-dried, weighed, and ground
into powder. The powder (100 g) was soaked in 300 ml of absolute
ethanol for 3 days (1:3 w/v ratio), and the extract was filtered and
evaporated under reduced pressure by rotary evaporation. The
extract yield (2.93%) was weighed and stored at -20°C until it was
used.

Assessment of in vitro antimalarial activity of the crude
ethanolic extract of D. membranacea Pierre.

Two P. falciparum clones, that is, 3D7 and K1 were used in the
study. The parasites were cultured according to the traditional
method of Trager and Jensen (1976). Both were maintained in
continuous culture in O+ human erythrocytes suspended in RPMI
culture medium supplemented with 10% human B serum and 25
mM HEPES (at 37°C under 5% CO,;, 5% O, and 90% N
atmosphere). The parasites were synchronized to ring stage P.
falciparum using 5% sorbitol. Antimalarial activity of the crude
ethanolic extract of D. membranacea Pierre. (rhizome) was
assessed using SYBR Green | assay (Bennett et al., 2004a;
Smilkstein et al., 2004). Highly synchronous ring stage parasite was
used in each assay. An aliquot of parasite inoculum (50 pl) with 2%
parasitemia and 1% hematocrit was added into each well of a 96-
well microtiter plate. The 96-well drug plates were dosed with the
extract at eight final concentrations as follows: 1.5625, 3.125, 6.25,
12.5, 25, 50, 100, and 200 pg/ml. The experiment was done three
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times in triplicate each. Data are presented as median (range)
values. The ICs, values (concentrations that inhibit the parasite
growth by 50%) used as indicators of antimalarial activity were
determined from log-dose-response curves using the Calcusyn™
version 1.1 (BioSoft, Cambridge, UK).

Assessment of cytotoxicity of the crude ethanolic extract of D.
membranacea Pierre.

The normal human embryo fibroblast cell OUMS-36T-1F was
purchased from Japanese Collection of Research Bioresources
(JCRB) cell bank, Japan. The cell was cultured in RPMI 1640
medium (Gibco Co. Ltd., NY, USA) supplemented with 10% (v/v)
heated fetal bovine serum (FBS) and 100 IU/ml of antibiotic-
antimycotic solution (Gibco Co. Ltd., NY, USA). The cytotoxicity of
the extract was determined by MTT assay (Mosmann, 1983).
Briefly, the OUMS-36T-1F cell was seeded onto each well of the
96-well microtiter plate (10,000 cells/well) and incubated for 24 h
(37°C, 5% CO, atmosphere, and 95% humidity) before exposure to
various concentrations of the extract (250, 125, 62.5, 31.25, 15.6,
7.8, 3.9, and 1.95 pg/ml). Following the 48 h incubation, the MTT
reagent (20 pl of 5 mg/ml solution; Sigma Co. Ltd., MO, USA) was
added into each well, and the plate was further incubated for 4 h.
The culture medium of each well was discarded, and DMSO (100
pl) was added, and the plate was incubated at 25°C in the
darkroom for 15 min. The absorbance was measured at 570 nm
(Varioscan Flash, Thermo, Finland). Cell viability and corresponding
ICso was determined using CalcuSyn™ v2.11 software (Biosoft,
Cambridge, UK). The experiment was done three times, in triplicate
each. Data are presented as median (range) values. The selectivity
index (SI) was defined as the ratio of ICso of the crude ethanolic
extract of D. membranacea Pierre. against malaria in the OUMS-
36T-1F cell.

Morphological change of parasite cells following exposure to
the crude ethanolic extract of D. membranacea Pierre.

Synchronized 3D7 P. falciparum was used in the experiment. The
parasite was exposed to the crude ethanolic extract of D.
membranacea Pierre. (rhizome) at the ICso at 37°C under 5% CO-,
5% O, and 90% N, atmosphere for 48 h. Blood films were
prepared at the following time points: 4, 8, 12, 16, 20, 24, 28, 32,
36, 40, and 48 h and stained with Giemsa (Biotechnical Thai,
Bangkok, Thailand). Parasite cell morphology was observed under
a light microscope (x100, Olympus, Tokyo, Japan).

Extraction of P. falciparum proteins following exposure to the
ethanolic extract of D. membranacea Pierre.

Synchronized 3D7 P. falciparum was exposed to the ethanolic
extract of D. membranacea Pierre. at the ICsq for 24 h. Parasite
culture was harvested and the cell pellet was resuspended in
0.15% saponin and incubated on ice for 1 h to lyse red blood cells.
The lysate was collected through centrifugation at 13,000 x g for 5
min (4°C) and washed three times with 1 ml of 50 mM Tris pH 7.5
until the supernatant was clear. The parasite pellet was re-
suspended in 500 pl of rehydration buffer (8 M urea, 2 M thiourea,
2% CHAPS, 65 mM DTT, 1% ampholyte pH 3-10, and 1x of
proteinase inhibitor). The sample was vortexed and sonicated on
ice four times, 6 s each (21% amplitude, 6 s, interspersed with 9 s),
followed by centrifugation at 13,000 x g for 1 h (4°C). Protein
concentration was measured using Bradford reagent (BioRad Co.
Ltd., California, USA) and the supernatant was subjected to
analysis by 2-dimensional gel electrophoresis (2-DE). The
experiment was done four times each.
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Table 1. Antimalarial activity and cytotoxicity of the crude ethanolic extract of Dioscorea membranacea Pierre.

Median ICso (range, pg/ml)

Selectivity index

Sample
3D7

Dioscorea membranacea Pierre.
Chloroquine

10.1 (8.8-10.3)
0.005 (0.005-0.006)

K1 OUMS-36T-1F 3D7 K1
9.3 (9.17-9.63) 96.4 (96.3-96.5) 9.5 10.4
0.066 (0.056-0.071) ND ND ND

Data are presented as ICso values of triplicate experiments, triplicate for each experiment. *ND: Not done.

2-Dimensional gel electrophoresis

The extract of the parasite protein (100 pg) was mixed with
rehydration buffer (8 M urea, 1%CHAP, 15 mM dithiothreitol, and
0.001% bromophenol blue) to prepare protein mixture (125 pl) and
applied onto 7 cm IPG strips (non-linear) with a pH range of 4 to 7
in an isoelectric focusing (IEF) system (PROTEAN® i12™ |EF Cell,
BioRad Co. Ltd., California, USA). The IEF was initially performed
at 250 v for 15 min, followed by 4,000 v for 1 h, and 4000 to 20,000
v-h. The focused strips were equilibrated in equilibration solution |
(10 ml of 50 mM Tris-HCI, pH 8.8, 6 M urea, 30% glycerol, and 2%
SDS) containing the reducing agent DTT (100 mg) for 10 min,
followed by equilibration solution 1l (5 ml) containing iodoacetamide
(450 mg) for additional 10 min. Finally, the strips were equilibrated
with 1x electrode buffer (pH 8.3) for 10 min and loaded onto 12%
SDS-polyacrylamide gel electrophoresis (SDS-PAGE) for second
dimension separation. The gels were run on 1x electrode buffer (pH
8.3). The gels were fixed and stained with silver stain (BioRad Co.
Ltd., California, USA) according to the manufacturer's
recommendation. The 2-DE gel images were scanned and
analyzed using PDQuest™ software (BioRad Co. Ltd., California,
USA). At least four independent gels were analyzed for each
sample group.

RESULTS

The median (range) I1Csq values of the ethanolic extract of
D. membranacea Pierre. for the 3D7 and K1 P.
falciparum clones were 10.1 (8.8-10.3) and 9.3 (9.17-
9.63) ug/ml, respectively. The cytotoxicity assay was
performed using human fibroblast cell line (OUMS-36T-
1F) to evaluate the selectivity of antimalarial activity. The
median (range) ICso for cytotoxicity result of the extract
was 96.4 (96.3-96.5) pug/ml. The selectivity index of the
extract for 3D7 and K1 P. falciparum was 9.5 and 10.4,
respectively (Table 1).

The morphological change of 3D7 P. falciparum
following exposure to the ethanolic extract of D.
membranacea Pierre. at the IC5q was observed during
the period of 4 to 48 h (Figure 1). During 4 to 12 h, the
morphology of the exposed parasites was similar to the
control parasite (exposed to 50% ethanol). A ring-like
cytoplasm enclosing a vacuole with a dot of round
nuclear chromatin projecting from the cytoplasm was
observed. The stippling of Maurer's dots was found, and
the cytoplasm of the parasite was thickening. The
trophozoite stage showed approximately half the
diameter (0.8 to 1.1 uym) of the infected red cell. During
the period of 16 to 24 h, the control parasite developed

to late and mature trophozoite stages. Moreover, the
nuclear chromatin mass was more conspicuous but
remained undivided. Following exposure to the extract on
the other hand, a marked change in morphology was
observed in about 50% of the parasite. The parasite was
slowly grown, and the cytoplasm was shrink and dense
as compared to control. This alteration was more
prominent after 24 h of exposure; the trophozoites
appeared relatively smaller as compared to the control
with the diameter being reduced to approximately one
fourth to one third. During the period of 28 to 48 h, the
control parasite developed to early and mature schizont
stages. The nuclear chromatin was divided and
developed to 24 to 28 merozoites. Thereafter, the mature
schizonts began to rupture and re-infected new red blood
cells. The growth of about 50% of the exposed parasites
was however arrested in the trophozoite stage and finally
died.

Based on the morphological changes observed with the
3D7 P. falciparum clone following exposure to the extract,
suitable time for proteomics analysis was 24 h. The
protein patterns of non-exposed and extract exposed
parasites are as shown in Figures 2 and 3, respectively.
The protein spots were observed following separation
with IPG at a pH range of 4 to 7. A total number of
approximately 83 and 257 protein spots were separated
throughout the gel from the control and exposed
parasites, respectively. The patterns of protein spots
separated from the control and exposed parasites were
found to be similar, of which only 56 protein spots were
likely to be the same essential proteins. On the other
hand, 27 spots from control and 201 spots from exposed
parasite were unmatched spots (Figure 4). The increase
in protein expression of about 2- to 38-fold when
compared with the control was observed in a total of 13
protein spots extracted from the exposed parasites
(Table 2). The decrease in the expression to about 2 to
47% (ratio of exposed/control range from 0.002 to 0.47)
of the exposed parasite was observed with about 14
protein spots (Table 3).

DISCUSSION

The antimalarial activity of the crude ethanolic extract of
D. membranacea Pierre. rhizome was evaluated in 3D7
chloroquine-sensitive and K1 chloroquine-resistant P.
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Figure 1. Giemsa-stained thin blood films of 3D7 P. falciparum exposed to the ethanolic extract of Dioscorea membranacea
Pierre. in comparison with control parasite (exposed to 50% ethanol) during the period of 4 to 48 h.

falciparum clones in vitro. Results (ICsp values of 10.1 values of 6.2 and 5.1 pg/ml against 3D7 and K1 clones,
and 9.3 ug/ml against 3D7 and K1 clones, respectively) respectively) (Thiengsusuk et al., 2013). According to the
are in agreement with that previously reported (ICsq criteria proposed by Rasoanaivo et al. (2004), the ICs, of
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Figure 2. Silver-stained protein spots separated by two-dimensional gel
electrophoresis over the pH range 4 to 7, from the control (exposed to 50%
ethanol) 3D7 P. falciparum clone following a 24-h exposure. Lane M represents
marker with the molecular weight indicated at the left.
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Figure 3. Silver-stained protein spots separated by two-dimensional gel
electrophoresis over the pH range 4 to 7, from the exposed-3D7 P. falciparum
Lane M represents marker with the molecular

clone following a 24-h exposure.
weight indicated at the left.
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Figure 4. Comparison of silver-stained protein spots separated by two-
dimension gel electrophoresis over the pH range of 4 to 7 in the
exposed and control (exposed to 50% ethanol) 3D7 of P. falciparum.
The spots were identified by PDQuest™ (Bio-Rad, the USA). The green
spots represent the matched spots and the red spots represent the
unmatched spots.

Table 2. Comparison of protein spots detected from the extract of 3D7 P. falciparum separated by 2-DE following exposure to
the ethanolic extract of Dioscorea membranacea Pierre. at the ICso level with at least 2-fold increase in density compared with

control.
Spot ID Protein spot density The ratio of spot density [Exposed/Control]
Exposed Nonexposed
SSP2603 2198.70 220.80 9.96
SSP2604 10738.70 4210.75 2.55
SSP3201 4106.80 1678.10 2.45
SSP4401 2773.10 1035.10 2.68
SSP5303 6200.50 254.40 24.37
SSP5401 453.80 197.80 2.29
SSP6001 146833.95 52880.70 2.78
SSP6201 5544.20 142.60 38.88
SSP7301 3150.55 623.80 5.05
SSP7303 2129.30 1062.30 2.00
SSP7401 7228.80 1132.10 6.39

The experiment was done four times each.

potential antimalarials from the natural products should
be at least 10 pg/ml. The results confirm potent
antimalarial  activity of ethanolic extract of D.
membranacea Pierre against P. falciparum. The
selectivity of the extract against both parasite clones as
compared to human normal cell was relatively high
(about 10 times). In the previous study, Sl of the extract
was reported to be 24.2 and 29.4 for 3D7 and K1,
respectively. The discrepancy could be due to the
difference in sensitivity of the parasite clones to different

human cell lines. Human renal epithelium cell was used
in the previous study, whereas fibroblast cell line was
used in the present study (Thiengsusuk et al., 2013). To
further investigate for the time- and stage-specific
antimalarial action, the morphological changes of 3D7 P.
falciparum exposed to the ethanolic extract of D.
membranacea Pierre. were observed in comparison with
the control (exposed to 50% ethanol) parasite during the
period of 4 to 48 h. The difference in morphology was
observed in the exposed parasite starting from 16 h and



296 Afr. J. Pharm. Pharmacol.

Table 3. Comparison of protein spots detected from the extract of 3D7 P. falciparum separated by 2-DE
following exposure to the ethanolic extract of Dioscorea membranacea Pierre. at the ICso level with at least 2-

fold decrease in density compared with control.

Protein spot density

The ratio of spot density

Spot 1D Exposed Nonexposed [Exposed/Control]
1005 1097044 937120 1.17
1006 1031071 642015.9 1.61
1102 957180.4 3241389 0.30
2006 858408.8 1225975.1 0.70
2007 638622.9 32429.7 19.69
2008 513838.9 902078.9 0.57
2009 340800 511576.9 0.67
2106 306116.8 728049.3 0.42
2107 258182.8 1072162.8 0.24
2108 198814.9 308001.8 0.65
2109 122522.1 170356.2 0.72

The experiment was done four times each.

was seen at 24 h. This indicates that the plant was likely
to act on the growing trophozoite stage (12 to 24 h).

More than 40 Thai medicinal plants have been
screened for antimalarial activity (Gale et al., 2007;
Pinmai et al., 2010; Thiengsusuk et al., 2013). The
promising plants include Phyllanthus emblica, Terminalia
chebula, Terminalia bellerica (Pinmai et al., 2010),
Plumbago indica Linn. (root), Garcinia mangostana Linn.
(pericarp), Dracaena loureiri Gagnep. (stem), Piper
chaba Hunt. (fruit), Myristica fragrans Houtt. (seed),
Kaempferia galangal Linn. (leave), Artemisia annua Linn.
(rhizome), and D. membranacea Pierre. (rhizome)
(Thiengsusuk et al., 2013). The potency of antimalarial
activity (ICso) of these plants range from 3 to 15 pg/ml.
Maceration was applied as the method for extraction of
all plants but with different solvents. In the study reported
by Pinmai et al. (2010), water was used as the extraction
solvent, whereas for those reported by Gale et al. (2007)
and Thiengsusuk et al., (2013), ethanol was used as the
extraction solvent. The selection of solvents in all studies
follows the practical use in traditional medicine.

Apart from antimalarial activity, the ethanolic extract of
D. membranacea Pierre. rhizome has been report to
exhibit a wide range of pharmacological activities such as
cytotoxic against various cancer cell lines (COR-L23, LS-
174T, MCF-7, and SVK-14) (ltharat et al., 2003), anti-
HIV-1 protease- and HIV-1 integrase activities (Tewtrakul
et al., 2006), immunomodulatory activity (Panthong et al.,
2014; Tewtrakul and Itharat, 2006). Dioscorealides,
dioscoreanone discorealide B, dihydrophenanthrene are
bioactive compounds isolated from its rhizome, which
were responsible for these pharmacological activities
(Thongdeeying et al., 2016; Itharat and Hiansai, 2012;
Saekoo et al., 2010).

The proteomics analysis is one of the commonly used
approaches for protein identification that has been

applied in various types of research. These include the
identification of biomarkers of disease pathogenesis,
protein targets of action of new drug candidates, protein
targets of drug resistance, and vaccine development
(Cooper and Carucci, 2004; Moorthy et al., 2004; Singh
et al., 2009). Proteomics is a large-scale study of
proteome which includes their structures and functions.
These proteins are responsible for the phenotype of cells
responded to the environment and therefore, is much
more complicated than the genomics approach due to a
marked difference in protein types and quantity from cell
to cell over time. In addition, the obstacles of proteomics
research in malaria are difficulty in protein extraction and
protein solubility (Rungsihirunrat et al., 2012). The
commonly used technique to study proteomics is the two-
dimensional gel electrophoresis (2-DE), which separates
solubilized proteins in the first dimension according to
their charges by using isoelectric focusing, followed by
the second dimension which separates proteins according
to their molecular weight (Bernard et al., 2004b; Gevaert
and Vandekerckhove, 2000). In this study, insolubility of
malarial membrane proteins resulted in low efficiency of
separation of the protein spots. It is noted that the
proteomics was performed only in the 3D7 P. falciparum
clone as the change can be observed in the parasite
carrying natural gene (wild-type). This ensures that the
change that occurred was the effect of the extract instead
of the mutation of parasite gene. The 2DE was used to
analyze the expression and patterns of proteins
separated from 3D7 P. falciparum clone following
exposure to the extract for 24 h in comparison with the
control parasite. The efficiency of protein separation was
improved by cleaning up the insoluble parasite proteins
by centrifugation parasite suspension (4°C) at 11,300 x g
for 1 h. Abundant malaria proteins were separated at the
pH gradients ranging from 4 to 7. Significantly higher



number of protein spots (201 spots) was separated from
the exposed as compared to the non-exposed parasite.
This suggests that only a few or none of the protein was
expressed during normal condition but was over-
expressed following exposure of the parasite to the
extract. Among the protein spots separated from parasite
exposed to the plant extract, 27 protein spots were
unmatched protein spots, of which 13 and 14 spots
showed up- and down-regulation of expression,
respectively (at least 2-fold difference in expression when
compared with the control). Unfortunately the protein
identification was not successful, these proteins showed
hypothetical proteins with unknown function. The
previous report of proteomics study from ethanolic
extracts of G. mangostana against P. falciparum had
been reported. The IPG strip in this study was in a wider
range (pH 3 to 10) than the present study (IPG strip pH 4
to 7). This difference was due to the result of primary
proteomics work, most protein spots of our study were
localized at pH 4 to 7. Therefore, we designed to use the
IPG strip pH 4 to 7. In this present work, only 3D7 P.
falciparum clone was used in proteomic study, because
the native genetic background of this clone will not
interfere with the changed of protein pattern.

Conclusion

For further development of D. membranacea Pierre. as a
promising antimalarial drug candidate, identification of
these proteins by mass spectrometry and investigation of
their mode of antimalarial actions are encouraged.
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