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ABSTRACT

Objective: This study aimed to determine the potential inhibitory effects oEleutherine bulbosan the growth of Plasmodium falciparunand its toxic
effects on lymphocyte cells.

Methods: We performed a 50% inhibition concentration (IG,) test of E. bulboseaagainstP. falciparum used transmission electron microscopy (TEM)
to observePlasmodiummorphology after exposure tcE. bulbosaand determinedE. bulbos& cytotoxic concentration 50% (C¢) against lymphocytes.

Results: TheIC,, value ofE. bulbosa™ f e raxt J% *Z& F ‘,e3""F1 ..">e—fZe <o =St ec—' .. S'et valueSatp4fhandF2 h—et 1"

™17t zwWsASV J% oZ feT yrya{v J% <Z& "te'f..-<"t7Z>4

Conclusion: The main content oE. bulbosas naphthoquinones that are suspected of having a mitochondrial target on the malaria parasite.bulbosa
is not toxic to lymphocytes; therefore, it has a potential as an antimalarial therapeutic.

Keywords: Eleutherine bulbosaAntimalarial, Toxicity, 50% Inhibition concentration.

9 trs{ St ——S"ed — ,Z<oStt > et frf L ftfec.. ..c<fe.fe T— —t& Sce <o fo ife fl.. Foeo fr—c...
"% Z<..teete > VA T 4 S——'a T84t'<a'"% srattsw{ <Ef'atrs{&d"ssesdsv
INTRODUCTION reported to be able to inhibit the growth of P. falciparumwith an IG

tazrw J% billiibiL. leaves contain many luteolin compounds,
which are flavonoids. Luteolin shows potential in inhibiting the fatty
acid biosynthesis | (Fabl)Plasmodiumenzyme. The Fabl enzyme is a
part of fatty acid synthase Type I, also known as enoyl-ACP reductase,

qlveq the )jlga} §ta]ge of the elongation of thBlasmodium
fal atty aC| cham

Malaria is a life-threatening disease that has killed many children aged
<5 years and pregnant women [1]. Globally, the number of malaria
cases decreased by 18% from 262 million cases in 2000 to 214 million
cases in 2015, whereas the mortality rate decreased by 48% from
zu{arrr ...fefe <o trrr = vuzarrr ...fefe <o trsw
prevalence appears to be decreasing, the emergence of parasites that
are resistant to antimalarial drugs and vector resistance to insecticides
does threaten this trend. Therefore, drug efficacy should be monitored
periodically because new therapies should be developed [3].

—

Eleutherine bulbosa (Miller) Urban is a plant belonging to the
Iridaceae family that originates from South America; this plant
is widely grown in Asia and Africa [8]. In Indonesia, this plant is
known as dayak onion and is planted in Kalimantan, where the local
population uses it as a traditional medicine for the treatment of breast
cancer, heart disease, tumors, inflammation, and bleeding and as an
<ee—e'e_ce—7 fE-bulpdsatubers are known to contain many
naphthoquinones and its derivatives such as elecanacine, eleutherol,

Currently, the standard method for malaria treatment in Indonesia is
artemisinin-based combination therapy [4]. However, thestrains of
Plasmodium falciparumwhich are resistant to artemisinin have been
detected in five countries in the Mekong region, including Cambodia,
Laos, Myanmar, Thailand, and Vietnam [2]. To overcome the problem of : ) - )
resistance to antimalarial drugs, looking at the history of the discovery ~ €leutherine, and eleutherinone. In additionE. bulbosaubers contain
of quinine from the cinchona tree and artemisinin fromArtemisia alkaloids, = steroids, glycosides, flavonoids, phenolics, saponins,

annua L. (Asteraceae) may lead to the discovery of new antimalarial triterpenoids, tannins, and quinones [10]. Allegedly, the mechanism of
drugs derived from plants[5]. the inhibition of P. falciparum growth is similar to that of atovaquone,
an antimalarial drug containing hydroxynaphthoquinones, because

Research to obtain new antimalarial drugs, either synthetic or  the main content ofE. bulbosecomprises compounds belonging to the

sourced from natural ingredients, from plants is currently being naphthoquinone group. Hydroxynaphthoquinones act as competitive
performed. A study conducted by Widyawaruyanti and Zaini reported inhibitors of ubiquinol, especially by inhibiting the electron transport of
that dichloromethane extract obtained from Artocarpus champeden  Plasmodiummitochondria in the bg complex [11]. Studies orE. bulbosa
stem bark could inhibit the growth of P. falciparumwith an IG, of as an antibiotic and anticancer drug have been widely conducted, but
ra{{ J% *Z& Sce 'Zfe— .. .‘e—fcoe . ‘e’ _eote o tos¢enEbplboseas an agimalarial agent are rare. Therefore, we are
have antimalarial activity. Flavonoids are suspected to be able to interested in examining E. bulbosaas an antimalarial agent by testing
inhibit the growth of P. falciparum through the following two main its antimalarial activity with a 50% inhibition concentration test (IC,),
mechanisms: (1) New permeation pathways, by inhibiting the nutrient analyzing the inhibition target of E. bulbosathrough the observation
transport for parasites, and (2) inhibiting hemoglobin degradation and of Plasmodium morphology with transmission electron microscopy
heme detoxification in parasite food vacuoles [6]. In another study that (TEM), and testing its toxic effects against lymphocyte cells with a 50%
used methanol extract obtained fromAverrhoa bilimbiL. leaves, it was cytotoxic concentration (CG)) test.
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METHODS © ™Mi7Ze td ua va fEtbulbésawittd Zoncentrations of 10
10«v 10« and 10*was added, respectively. Homogenization was then

Preparation of sample carried out. Two plates were made along with a duplicate for each plate.

The sample used wasE. bulbosawhich was obtained from the

> e o N - “f—i S ™Mfe <o —, f—Ft <o fo <B%For,24h Whereasy! &
Ffroede- Sfief .. Z'%>a TMf L 1< piateAwas'i |ncd{)ated'jor 72 h. After the incubation period, the solution
cTiedecfd «ed-5>Z «—Z7'5ctd feftrt -+ St trbm &t wellWas: t?ansfefrred_lr?tg 15 ml tubes and centrifuged at

vortexed until completely dissolved. SEIT "'e "7 Sf eced —3% e—'f'ef—fem ™fe "fo"tta trr

frttta f- T —St efe’Zt ™foe S‘-‘%oiuoei‘ré t§-4 sr .
. vemg, . Lo, . aken nd_stai thh trypan blue; the living and dead cells were
TheP. falciparum ' f" fec—f —eft ™f -Stuy -—"f« me%&t cyto rzr,, The percentage cell viability was

o>' e<"f"ec—>A f'fe "ot 7> .—7-——"%1 f aaf:j
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Preparation of P. falciparum parasite culture

ee—«———-%t &
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of parasitemia reached 2% with a hematocrit level of 3%. The culture
was performed using the Trager and Jensen procedure. RESULTS
IC,, test Analysis of the potential of E. bulbosa in the inhibition of

St e Mfe UGt t —ece%o [ {x@e<.." ™$77 77 fajcipasum giGWthT 7 fe<—1

culture was added to each well. The first well containing the control sample ~ The result of the IG; test of E. bulbosaon the growth ofP.falciparum is

™fe o'— %< fe fo> —"tf—efe—8 o -SF Zfe— ™MIZZ4 trpieserited BiFabled dndFY.fle fT T

and gradual dilution performed up to second well. The microwell plate

™ fe coof”—Ft <o f Ef” ...feTZf fel of'— <o fo <o.The |G concentratipn of E’bwllosBH fo tH—F"eced T - ,f raxt J%
Cof7 e — f-<'e8 8% "Zf—% ™Mfe —fote ‘— " _8F . fetZ% Ef'4 —SF eftc—e ™f.

removed, and a thin blood smear was made from the sediment, followed by ~ Observation of P. falciparum morphology under TEM

staining with 10% Giemsa. The percentage of parasitemia was calculated ~ The morphological differences of untreated and treatedP. falciparum

using a light microscope with 2000x magnification. To determine the |¢; parasites are observed irFigs. 2 and 3.

agraph was created using Microsoft Excel.
Analysis of the toxicity effect of E. bulbosaon lymphocyte cells

Preparation of TEM sample In the toxicity test of E. bulbosalymphocyte cells were used because
TEM samples used parasite cultures with 5% parasite and 3% hematocrit W2t <o FE et —t L Stec. fZ telt—ete T —%oe .. tee-
717748 “t'fzza {rr «Z " -8t "frfec—% ..—7——"flymphecyte gefis ate often psedyveseajchers to determine the toxic
the 24-microwell plate. The first well containing the control sample was  effects of a new chemical and drug compound [12].
*'- —Tif-fta - -S% ef.. ‘e TEbdidbESampld Fith1G; S ¥
Co i fe—"focte ™Mfe fHTETA Sted «— ™Mfe o, flnﬂms 1estflymp}10qyge¢caﬂ_sfmthfa_dgqsﬂy of 100,000 cells per well

for 48 h. After the incubation period, the solution was transferred into were incubated with E. bulbosafor 24 and 72 h. These two different
a 1.5 ml tube and centrifuged to remove the supernatant. The sediment  incubation conditions were used to determine whether the toxic effects

™fe ™MfeStt 5 flTtce% wrr JZ °° . f..tZf-+% mreiaﬁeggteqogly.b)%mp magnituge of the compound concentration

— ™fe —Sfe Zt = —* e—fet "7 SW ece f— vl fef .grquo.aﬁectedmyﬂngdux@?npfgxposure to the compound. The

followed by centrifugation. The washing process was repeated 3 times, ~ concentrations of E. bulbosa —e%1 ™$"% uuxay J% -Za uauxy
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the cell viability percentages obtained after incubation for 24 h were

Preparation of TEM block sample z{ayz"a {yavz'a {{asxw’a fef srr'a "t’'f..-<"tZ>a "

— —Sce o—f%Fad —SF eftcete— ™fe ftit ™—S iherCGzvalue gy natfobtagneg Hegagise the highest cell viability
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It was then centrifuged at 3000 rpm for 5 min, the supernatant concentrations of E. bulbosaresulted in the following cell viability
™ fe "te"ttA fet —S% effcofe— ™fe ™MfeStt ™M IS pwhr-fRFe zvfizxw'a {raxv'a {tatu’a fet {uayw

f o2 fo% rAS A U e— " etA oS fete 7 sw ecofGt &S MSIv _grbdip="f—c'e 0 UUXAY J% +Z& -
3000 rpm for 5 min, and then washed 3 times. Then, the sediment was ~ <f.<Z<—> ‘,—f<ott ™fe ZvAzZXWA > .. f <% —SF -]
i Z7tete—tt ™S wrr JZ t7 ‘eec—se — T FE@N)T T f and tZ2v-incubation groups byt-test using Microsoft Excel, P value
co— f—F1T "t S f— vl ™8 eSfece%oa foT —S tabtaneddvas 0.02(pS0.05)f this fletofed fthat there was a significant
L—""t" ras fet Uu” e— . "ef U —<ofed FS>t"f- drfierencpbetween the;two groups. The test was repeated with higher
using gradual concentration ethanol. After the dehydration stage, the . che—"f—<tee T uuXy J% Z& tx{v J% *Z& trtr J% -
effcofo ™Mfe o™ cZ-"f—%1 > fttce% wrr JZ *° '_nﬁbeeausggg!ﬁacjgo&b_pep determined. The cell viability percentages
incubated for 1 h at room temperature. Furthermore, the processes  after incubation for 24 h were 21.62%, 23.08%, 30.56%, and 37.5%
of embedding, cutting, and coloring were performed to prepare the T te i Fe="f—<tee uuxaAy J% cZa udUXWhel %L & Zfae UL XY

sample for observation by TEM.

Table 1: IC,, of E. bulbosa
Isolation and preparation of lymphocyte cells

Zt M™Mfe fETET <ot f ——,F Lte—fcece% 1-S5>7 todckntfation{pgmi) f f % Farasitemia % Growth % Inhibition
acid; the lymphocyte cells were isolated using Ficoll gradient reagent. 38 100.0 0.0
The lymphocyte cell sediment was supplemented with 1 ml of complete 3.367x1¢ ¥ 28 74.3 25.7
el tc—e —Z,% ... .. “Too ‘Tt <ttt f%Zt ttc—eda sr” 09008467 "<t i —rm Xwa{ 34.1
and 1% Penicillin-Streptomycin) and stained with trypan blue; the 0.003367 23 61.1 uzaf
lymphocyte cell number was calculated with a hemocytometer. The 0.03367 2.1 wV & { 45.1
lymphocyte cell solution was prepared with a density of 100,000 0.3367 2.0 52.2 47.8

~YZZe trr JZa 3.367 1.7 46.0 54.0

33.67 1.3 35.0 65.0
CG, test 336.7 0.7 18.6 81.4

CE O ™MEZ7e {Xaee<.." ™$ZZ 'Zf-te ™"t o 3Pf_t1 ™8 570057 - 0.0 100.0

lymphocyte cell stock solution. The well 1 (control) was left untreated. IC,,: 50% inhibition concentration, E. bulbosa: Eleutherine bulbosa
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Fig. 1: A 50% inhibition concentration graph of the effect of Eleutherine bulbosa on Plasmodium falciparum

Table 2: CG, of E. bulbosato lymphocyte cells after 24 h

Concentration (pg/ml) Cell viability (%)
0 100

0.003367 100

0.03367 {{asxw
3.367 {yavz

336.7 z{ayz

CG,: 50% cytotoxic concentration E. bulbosa: Eleutherine bulbosa

Table 3: CG, of E. bulbosaat higher concentrations to
lymphocyte cells after 24 h

Concentration (ug/ml) Cell viability (%)
V (Vakuol) < i4 1347 375
mmiokonaray 3 ' ; 2020 30.56
—>(knob) : tx{v 23.08
3367 21.62

Fig. 2: The mo.rphOIOQy .Of Plasmodlum falciparum (coerI CG,: 50% cytotoxic concentration,E. bulbosa: Eleutherine bulbosa
group). The mitochondria of the parasite can be seen with

crystals in it (blue arrow)

Table 4: CG, of E. bulbosato lymphocyte cells after 72 h

Concentration (pg/ml) Cell viability (%)
0 {war{
0.0003367 {uayw
0.03367 {tatu

3.367 {raxv

336.7 84.865

CG,: 50% Cytotoxic concentrationE. bulbosa: Eleutherine bulbosa

3367x10Y J%o *Z& "fe't ... —<"1Z58 "—1" <o —, f—c'e "7yt ¢
‘127 “<f,<Z<=> ™f"f VAXt 4 SyAart'a tsayv'a fet
abovementioned concentrations, respectively. The CGralue after 24 h

™ fe zwsASV J% ¢Z fet fT—-1" yt S Tabfes A5 padv J% 7

Figs. 4 and 5).

. DISCUSSION
Fig. 3: The morphology of Plasmodium falciparum after exposure Many studies have useét. bulbosaas an antibiotic and anticancer agent,
to Eleutherine bulbosa at a concentration of 0.62 pg/ml for 48 h. but research onE. bulbosaas an antimalarial is still very rare. Therefore,
The mitochondria are seen without crystals (m) this study was conducted to determine the antimalarial potential,
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work mechanism, and toxicity effect ofE. bulbosa To determine the
antimalarial potential of this plant, a IG, test was conducted. In other

studies, experiments have been conducted with methanol extract of

srikaya leaves Annona squamospas antimalarial agents, and the I

TfZ—% Mfe —ef

...... oY% —'et E..f

ot ‘Z fettal,fcriteria of in vitro
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antimalarial activity can be divided as follows: I “sr J%o Z ™MSc..S
denotes good activity, IG st wr J% *Z ™S<..S te'—Fe eftc—e
IC, Wr srr J% *Z ™Sc...S tHe'—fe Z Muprr—3%—oa feof
which denotes no antimalarial activity [7]. According to these criteria,

T Vol =24 foua{ J% *Z ™ f«E! pulpesatdnfers good antimalarial activity. Compared with the IS
with the Zanthoxylum zanthoxyloidest $-"f ...— su

fel tt J% - Xallewf he-disHioromethane extract obtained fromA. champedestem
root chloroform extract was obtained from Andrographis paniculata

Table 5: CG, of E. bulbosaat higher concentrations to

lymphocyte

cells after 72 h

Concentration (pg/ml)

Cell viability (%)

1347
2020
tx{v
3367

tua{s

21.74
17.02

4.62

CG,: 50% cytotoxic concentration,E. bulbosa: Eleutherine bulbosa

bark (IC,, = ra{{ J% *Z & <— <o f ctte— —Sf— foe—cofZf"
E bulbcsaare higher (IG, + réaxt J% <Z &

of ™fs —f —ettve—fof —St of . Sfecee T f T"—% ‘7 |
observe the cell morphology of cells affected by the substance using
a transmission electron microscope (TEM). TEM has been shown
to be useful in the analysis of all cellular components, including the
cytoskeleton, membrane system, organelles, cilia, and the special
structures involved in cellular development, such as microvilli and
synaptonemal complexes [14]. In this study, the morphology of malarial
parasites was observed using culture samples d®. falciparum that
had been exposed tcE. bulbosaat a concentration of IG that was

F'—fZ =" raxt J% Z fet ..'¢'f"FtT ™M«-S ..¥ZZe -Sf
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Fig. 4: A 50% cytotoxic concentration graph of Eleutherine bulbosa to lymphocyte cells after 24 h
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Fig. 5: A 50% cytotoxic concentration graph of Eleutherine bulbosa to lymphocyte cells after 72 h
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to a negative control sample. In the control samples, a mitochondrial
form of Plasmodium with crystals was observed, whereas, in the
treated samples, Plasmodium mitochondria without crystals were
observed. This occurred possibly as a result of the inhibition of
electron transport to the parasite mitochondria. E. bulbosacontains
many naphthoquinone compounds, and these compounds have been
shown to have antimalarial activity. A synthetic compound of the
naphthoquinone group, hydroxynaphthoquinone, has been shown
to have an antimalarial activity with a mechanism of inhibiting the
electron transport of Plasmodiummitochondria in complex bg [11].
From the parasite mitochondrial observations, it was seen that the
target of E. bulbosawvas on the parasite mitochondria.

CONCLUSION

E. bulbosahas potential as an antimalarial agent with an | value

CraAxt J% oZ ™c—S feo oS¢, «—<'e —f"%t— <o —St

The concentration ofE. bulbosacytotoxic to lymphocyte cells at 24 h
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