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Abstract

Introduction: Plumbago zeylanica grows widely in many tropical countries. In Indonesia, this plant, known as Daun Encok, has some
beneficial effects on human health.

Aim: This exploration study aimed to identify the plumbagin compound in P. zeylanica roots from Indonesia.

Materials and methods: Dried roots of P. zeylanica were manually ground and then the powder was macerated using ethanol and
chloroform for 24 hours at room temperature. All extracts of P. zeylanica were then analyzed using gas chromatography-mass spectrom-
etry (GC-MS). Plumbagin concentration was measured by comparing the extract with pure plumbagin.

Results: GC-MS analysis of ethanol extract and chloroform extract of P. zeylanica roots showed the presence of plumbagin as the high-
est peak. Plumbagin concentration in ethanol extract was 13%, while in chloroform extract it was 81%.

Conclusions: The chloroform extract of P. zeylanica root from Indonesia demonstrates a higher concentration of plumbagin compared
to ethanol extract.
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INTRODUCTION

Plumbago zeylanica, which is commonly known as Daun
Encok or Ki Encok in Indonesia, belongs to the family
Plumbaginaceae. This plant grows in many countries and
is recognized by the community as having many benefits
on human health; for example, in treating joint pain and
skin diseases.! Several previous studies have found other
benefits of this plant, namely as a nephroprotective agent,
antiproliferation of cancer cells, anti-parkinsonism agent,
antibacterial agent, analgesic, and anti-inflammation.>”
However, only a few of those studies were conducted using
Plumbago zeylanica from Indonesia.

The best known bioactive marker in P. zeylanica is plum-
bagin. Plumbagin is effective as an antiproliferative, anti-
malarial, and antibacterial agent.>®° In a previous study,
GC-MS was used to find the compound contained in eth-
anol extract and diethyl extract of P. zeylanica root, but
they did not find plumbagin.>'° Plumbagin concentration
in ethanolic extract of root part has been found to be low
(1.9%).!! There is no publications about plumbagin con-
tained in P, zeylanica plants from Indonesia.

AIM

This study aimed to identify the plumbagin compound con-
tained in the root part of P. zeylanica plants from Indonesia.

MATERIALS AND METHODS

Plantation of P. zeylanica

The P. zeylanica seeds were obtained from Akhyar Flora,
Bekasi, West Java, Indonesia and then were grown in pots
25-40 cm in diameter filled with soil. In order to stimu-
late seed sprout, it was watered twice a day with tap water
and was supplemented with a commercial fertilizer con-
taining 16% nitrogen (6.5% nitrate-N and 9.5% ammoni-
um-N), 16% phosphate (P,0.), and 16% potassium (K,O).
After 7 months, grown P. zeylanica plants had some and big
enough roots that could be used for the next extraction pro-
cess. The P. zeylanica plant was authenticated by a botanist,
Mrs. Susi Dewiyeti, S.Si, M.Si, which was deposited at the
Department of Biology, Faculty of Education, Universitas
Muhammadiyah Palembang, South Sumatera, Indonesia.

P. zeylanica roots were cut from their plants in the after-
noon and washed thoroughly under tap water to remove
soils and other debris. Cleaned roots were air-dried for 18
days in room temperature by exposing them to air flow
and indirect sunlight. The average of relative humidity in
Palembang remained constant (94.9% RH) during those
days and the average of sun rays was 5.6 hours per day.
Finally, air-dried roots were mechanically ground to make
powder using a blender.

Identification of Plumbagin in Plumbago Zeylanica Roots

Extraction of P. zeylanica roots

A total of 10 g of root powder was soaked in either 100
ml ethanol (Emsure®, Merck, Germany) or 100 ml chloro-
form (Emsure®, Merck, Germany) for 24 hours. These root
powder solutions were filtered with filter paper and the
filtered solutions were concentrated using a rotary evapo-
rator (B-One Rotary Evaporator Model RE-1000VN) with
52 rpm at 60°C for 30 minutes for the ethanol extract and
10 minutes for the chloroform extract. The extract yield of
100 g roots powder with ethanol solvent was 4.6% whilst
1.7% was for chloroform solvent. All crude extracts were
finally stored in the refrigerator at 4°C until further anal-
ysis.

Chemical analysis of P. zeylanica
extracts using gas chromatography-
mass spectrometry

The ethanol and chloroform extracts of P. zeylanica roots
was analysed using Thermo Scientific Trace 1310 Series
(Thermo Fisher Scientific, San José, CA, USA) with a Trace
ISQ LT mass detector (San José, CA, USA) (GC-MS) and
a Thermo Scientific AT 1310 automatic injector (San José,
CA, USA). The chemical analysis was conducted in a ZB-
5MS (30 m x 0.25 mm x 0.25 pm) column (Phenomen-
ex’, Torrance, CA, USA) and the injector temperature
was set at 300°C. The injection mode was splitless and
the injection volume was 1 pL. The plumbagin compound
was identified and matched with the peak of main EI MS
Library (mainlib) from NIST/EPA/NIH. Chemical struc-
ture of all components was made by Chem Draw software
(PerkinElmer, US).

RESULTS

The raw extracts of P. zeylanica roots were examined by
GC-MS. GC-MS examination results for the two samples
are shown in Fig. 1 below. GC-MS for each extract showed
50 peaks and all peaks are known. But, in this article, only
10 highest % area were shown in Tables 1, 2.

Details on the compound of each extract are shown in
Tables 1, 2 and 3.

Based on Table 1 and Table 2, there were 2 similar com-
pounds: 5-hydroxy-2-methyl-1,4-naphthalenedione (plum-
bagin) and 2-Allyl-1,4-dimethoxy-3-methyl-benzene.

Because of the highest GC-MS curves for both extracts
showed 5-hydroxy-2-methyl-1,4-naphthalenedione (or
plumbagin), we then confirmed the presence of plumbagin
using pure plumbagin (Sigma Aldrich, lot #SLBZ1960).
The purchased plumbagin as an internal control contains
5-hydroxy-2-methyl-1,4-naphthalenedione. The final con-
centration of plumbagin in chloroform solvent was about
four times higher than the ethanol solvent (Table 4) based
on the formula below (Fig. 2).
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Figure 1. GC-MS examination results. (a) The roots of P. zeylanica macerated using absolute ethanol; (b) The roots of P. zeylanica mac-

erated using chloroform (CHCI3).
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Figure 2. The curve of plumbagin concentration measured by GC-MS.
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Identification of Plumbagin in Plumbago Zeylanica Roots

Table 1. Chemical compounds in ethanol extract of P. zeylanica roots (sorted by low to high RT)

No. Compound name MEF MwW RT % area
1 Dihydroxyacetone C,HO, 90 4.57 1.47
2 Glycerin C,H,O, 92 8.89 1.02
3 4H-Pyran-4-one, 2,3-dihydro-3,5-dihydroxy-6-methyl- CH,O0, 144 8.98 1.39
4 5-Hydroxymethylfurfural CHO, 126 10.00 1.13
5 Sucrose C,,H,,0,, 342 12.07 7.07
6 5-hydroxy-2-methyl-1,4-naphthalenedione C,,H 0, 188 13.60 56.88
7 2-Allyl-1,4-dimethoxy-3-methylbenzene C,H(O, 192 14.42 9.59
8 11-decyltetracosane C, H,, 478 19.64 0.99
9 11-decyltetracosane C, H,, 478 24.52 3.26
10 Cyclodecasiloxane, eicosamethyl- C,H 0105110 740 25.61 1.01
MF: molecular formula; MW: molecular weight; RT: retention time
Table 2. Chemical compounds in chloroform extract of P. zeylanica roots (sorted by low to high RT)
No. Compound name MEF MwW RT_ % area
(min)

1 5-hydroxy-2-methyl-1,4-naphthalenedione C,,H 0, 188 13.64 71.97
2 2-Allyl-1,4-dimethoxy-3-methyl-benzene C,H(O, 192 14.44 11.15
3 Eicosane CyoHy, 282 18.35 0.67
4 Heneicosane C, Hy, 296 19.65 0.68
5 Eicosane CyoHy, 282 20.82 0.87
6 Eicosane CyoHy, 282 21.88 0.97
7 Eicosane CyoHy, 282 22.86 0.99
8 Eicosane CyoHy, 282 23.77 1.20
9 Tetratriacontane C,,H,, 478 24.65 1.46
10 Tetratriacontane C,,H, 478 25.62 1.55

MF: molecular formula; MW: molecular weight; RT: retention time

DISCUSSION

Plumbagin is known as an anticancer agent. Plumbagin
demonstrates the activation of autophagy, apoptosis, and
cell cycle arrest in some cancers. Plumbagin also exhibits
the capability of angiogenesis inhibition in some cancers.'
The selection of chloroform as solvents in this study was
based on the results of the previous study. Plumbagin is
naphthoquinone. Quinone in Plumbago zeylanica roots
only detected in extract dissolved with chloroform.? Chlo-
roform or trichloromethane belongs to the Class 2 solvent
that is non-genotoxic carcinogens for the animal. Chloro-
form has a possible toxicity that is reversible.2°

A previous study mentioned that the concentration of
plumbagin in ethanol extract of Plumbago zeylanica root
was only 1.9%. In this study, we aimed to identify the
plumbagin content in the roots of Plumbago zeylanica from
Indonesia. We found a higher concentration of plumbagin
that was extracted using chloroform. A high concentration

of plumbagin in chloroform extract is never been published
before, but the amount of 81% concentration in this study
(Table 4) is similar to plumbagin concentration in petro-
leum ether extract of P. zeylanica in a previous study.?!

This study found 56.88% area of plumbagin in GC-MS
result of ethanolic extract (Table 1). This area is higher than
the previous study which only found plumbagin in 7.94%
area of ethanolic extract.?? Some previous study used cul-
tivated plants from India, while this study used cultivated
plants from Indonesia. The geographical location of culti-
vation may give different results of the phytochemical con-
tents.

CONCLUSIONS

It can be inferred from the current study that plumbagin
concentration is four times higher in chloroform extract
compared to ethanol extract as revealed through the GC-
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Table 3. Bioactive compounds identified using ethanol and chloroform extracts of P. zeylanica roots

No Compound name Structure Activity on Human Health
O H
HiC H - Antiproliferative’
1 5-hydroxy-2-methyl-1,4-naphthalenedione H ‘O “ - Antimalarial®
0 0 - Antibacterial®
-
0
2 Dihydroxyacetone HO\)J\/OH - Skin tanning agent!?
H H
HO 0
3 4H-Pyran-4-one, 2,3-dihydro-3,5-dihydroxy-6-methyl- O 4@’“ Antioxidant!3
3
0
- Antioxidant'*
- Anti-allergy'
4 5-Hydroxymethylfurfural - Anti-inflammation'4
- Antihypoxial4
- Antihyperuricemial
- Antimicrobial'®
5 Crclodecasil ) thvl - Antihelmintic!®
clodecasiloxane, eicosamethyl- .
v 4 - Antioxidant!®
- Hepatoprotective!®
6 Sucrose Hyperlipidemic agent!¢
OH Skin hydrati t17
7 Glycerin HO. \/I\/OH n hydrating agen
8 Heneicosane NN Anticancer!®
9 Tetratriacontane SN Anticancer!'
10 11-decyltetracosane e N Ny Unknown
CHa
. HsC o
11 2-Allyl-1,4-dimethoxy-3-methyl-benzene CH, Unknown
i
CH3
Unknown
12 Eicosane AV e Ve VeV aVaVaVvaYe

100
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Table 4. The concentration of plumbagin in each sample

Sample Sample .
Solvent type . Concentration

weight volume

() (ml) % ppm
Chloroform  0.0079 5 81 805340
Ethanol 0.0102 5 13 128718

MS technique. Hence, chloroform solvent is suggested to
be used to exploit the potential of plumbagin from P. zey-
lanica as herbal medicine.
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Pe3tome

BBepgeHue: Plumbago zeylanica — mupoko pacipocTpaHEHHOe pacTeHNe BO MHOTTIX TPOIIMYECKIX CTpaHaX. B VIHToHesnu aTo pac-
TeHMe, U3BecTHOe Kak Down Encock, 671aroTBOpHO BIIMsIeT Ha 3[[0pOBbe Ye/loBeKa.

L'.el'lb: 910 JiccliejoBaHVe HAalIpaB/IEHO Ha BbIAB/IEHNE NHIpEJMIeHTa WIroM6arnHa B KOpHAX P zeylunica us MHJIOHCSI/II/I.

Marepuanbl 1 meToAbl: BricylienHsle KopHU P. zeylanica vi3aMenbya/y Bpy4HYIO, a 3aTeM HOPOIIOK 3aMauyBa/Ii B 3TaHOJE U X/I0-
podopMe Ha 24 yaca Ipy KOMHATHOII TeMIlepaType. 3aTeM Bce SKCTPaKThl P. zeylanica aHammM3aMpoBai ¢ IOMOIIBIO Ta30BOI XpoMa-
torpadvm/macc-crekrpomerpun (GC-MS). KoHuleHTparyio wiroMbarnHa u3Mepsii IyTéM CpaBHEHNS SKCTPAKTa C YMCTBIM IITIOM-
6armHOM.

PesynbTtatbl: GC-MS aHa/lns 3TaHOIBHOTIO SKCTPaKTa 1 XIIopo(OPMEHHOTO 9KCTpaKTa KopHeil P. zeylanica mokasai Hamirdue IJTO-
M6aruHa B BBICOKMX IpefienaX. KoHIeHTpanys IIroM6arnHa B 3TaHOILHOM 3KCTPaKTe cocTaBMIa 13%, a B XITopodopMeHHOM — 81%.

3BakntoueHne: XiopodopMeHHBII S9KCTPaKT 13 KopHelt P. zeylanica ns VIHgoHe3uy o6HapyX1BaeT 60/Iee BEICOKYI0 KOHIIEHTPAIIIO
IUTIOMOATIHa, 9eM 3TaHO/IbHbII 9KCTPAKT.

KnroueBble coBa

X10popOpMeHHBI IKCTPAKT KOpHs, GC-MS, lekapcTBeHHOe pacTeHye
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