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Antioxidant Activity and Toxicity of Puspa (Schima wallichii) Leaves Extract from Indonesia
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ABSTRACT

Antioxidant and toxicity of Puspa (Schima wallichii) were studied. The plant extracts were prepared for biological
screening. Antioxidant activity of extracts was analysed by 1,1-diphenyl-2-picrylhydrazyl (DPPH) as stable free rad-
ical, while toxicity of extracts was analysed by Brine Shrimp Lethality Test (BSLT) method. The result showed that
ethyl acetate, methanol and butanol extracts were very active as antioxidant, as indicated by ICy, value of 11.44,
17.97 and 12.55 pg/mL for DPPH inhibition, respectively. Whilst n-hexane extract was not active as antioxidant
indicated by ICs, value of 257.91 pg/mL, but aquadest extract was less active as antioxidant indicated by IC, value
of 171.94 pg/mL. The toxicity test result showed that all extracts were active against Artemia salina Leach with LC,
value of 107.35 — 902 pg/mL. Furthermore, isolation of individual bioactive compound of ethyl acetate extract that
most active as antioxidant was carried out using column chromatography followed by preparative Thin Layer Chro-
matography (TLC). The active isolate was then identified using TLC, Fourier Transform Infra-Red (FTIR) and
Liquid Chromatography Mass Spectroscopy (LCMS). The identification result showed that the major compound
contained a putative compound known as theanine with MS 174.26 g/mol. The isolate was very active as antioxidant
with IC;, value of 48.04 ug/mL, although it was less active than the extract. The isolate was also toxic with LCs,
value of 27.71 pg/mL so that puspa leaf potentially to be developed as a natural antioxidant and anticancer agent

for preventing of human diseases.
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INTRODUCTION

Toxicity and antioxidant analysis is a biological
screening of medicinal plants extract to discovery natu-
ral compounds that potentially as a natural antioxidant
and anticancer.

An antioxidant is a compound that able to inhibit
oxidation process caused by free radicals [1, 2]. Free rad-
ical is a molecule that has unbonding electrons which
produced from an oxidizing process such as smoking,
cooking, and pollution. Besides that, free radical can also
produce by living things. The free radical is one of the
products from energy production process. Energy pro-
duced from body metabolism by oxidizing food sub-
stances such as carbohydrates, lipids, and proteins [3].
Free radical is very harmful because they can react with
an important component of cells, for example, DNA and

cell membrane so that causing disfunction or cell death

even diseases in human such as cancer. The preventive
way is using an antioxidant.

An antioxidant will produce a stable compound by
reacting with free radicals. Antioxidant, generally
classed as a natural antioxidant and synthetic antioxi-
dant. Synthetic antioxidants have a tendency for side ef-
fects when used excessively, but natural antioxidant will
never have any effects, therefore it is safer to use. Natu-
ral antioxidants can be obtained from various types of
plants. Indonesia is a country rich in medicinal plants.
One of the interesting plants under study as a potential
antioxidant is Puspa (Schima wallichii) Theaceae [4].

Puspa also was known as cheloni is one of the plants
that used to produce carpentry wood which belongs to
the genus of Schima and tea family (Theaceae). Puspa is
one of the Indonesian original plants that grow in most

parts of Indonesia, but its utilization is currently limited
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to the stem, to make a wood, while the leaves for primate
feed [5, 6]. The leaves of puspa have been known anti-
breast cancer activity due to kaempferoi»3»0»rhamno»
side bioactive compound through the mechanism of in-
ducing apoptosis of MCF-7 breast cancer cells [7, 8].
Previous phytochemical studies on Puspa leaves have re-
vealed the presence of various compounds including fla-
vonoids, tannins, saponins, terpenes, quinone, and an-
thraquinone. The rendement of methanol, n-hexane,
ethyl acetate, butanol and aquadest of puspa extracts
were 23.22, 1.05, 11.81, 11.03, and 21.84%, respectively
[9].

In the present study, we analyzed of antioxidant and
toxicity of puspa leaves extracts. Furthermore, we have
isolated some bioactive compounds contained in the ex-
tract that most active as an antioxidant. Isolation of bi-
oactive compound was carried out using column chro-
matography and then preparative thin layer chromatog-
raphy (TLC). The isolate was then identified using TLC
and spectroscopy Fourier Transform Infra-Red (FTIR)

and Liquid Chromatography Mass Spectroscopy
(LCMS).
Antioxidant activity analysis

Antioxidant activity of the plant extracts was done
on the basis of the radical scavenging effect of the stable
DPPH (2 2-diphenyl-2-picrilhydrazyl) radical formula
[10]. DPPH as sources of free radical, which captured
hydrogen from a plant extract or isolate containing an
antioxidant. The DPPH solution color turned from pur-
ple to yellow, indicating the conversion of 1,1-diphenyl-
2»picryihydrazyi into 1,1»diphenyi»Z»pikriihidrazin [10,
11, 12, 13].

Whilst the toxicity of plant extract was performed
using BSLT (Meyer’s) method. BSLT that conducted us-
ing nauplii of Artemia salina Leach was generally con-
sidered a preiiminary assay of cytotoxicity for pharma»
coiogicai activities screening and discovery of natural

compounds [14, 15].

MATERIALS AND METHOD
Materials

Puspa leaves were collected from PUSPIPTEK pro-
vincial garden. A total of 141.29 g of the puspa leaves
extracts obtained by percoiation»partitions process. Ex-
traction was first done using methanol, and then the ex-
tract was partitioned using n-hexane, ethyi acetate, and
butanol, respectively. Chemicals used in this research
were distilled water and technical grade of methanol, bu-

tanoi, ethyl acetate, and n-hexane. Some anaiytical grade

chemicals were used such as H,SO, for TLC analysis,
methanol and acetate acid for mass spectra (MS) analy-
sis, DMSO for BSLT anaiysis and DPPH for radical
scavenging activity anaiysis.

Equipment

Equipment used in this experiment were extraction
unit, evaporation unit, and one set of bioactive com-
pound identification unit. TLC was carried out using
precoated silica gel plates (Merck Kieselgel 60F 254, 0.25
mm). The functional groups of the isolate were deter-
mined using FTIR, spectrophotometer IR Schimadzu
prestige 21 using KBr pellet. Mass spectra (MS) or mo-
lecular weight was obtained with LCMS Mariner Bio-
spectrometry spectrometer using Electrospray loniza-
tion (ESI) System and positive ion mode. DPPH radical
scavenging activity analysis was evaluated by using spec-
trophotometer Spechtronic Hitachi U2000 at 517 nm.

Methods

Isolation and purification of bioactive compounds
from extract were carried out using chromatography col-
umn techniques on silica gel 60 GF,;, with a gradient
solvent system of n-hexane : ethyi acetate as the mobile
phase to obtain a number of fractions and continued by
preparative TLC.

Identification of individual chemical isolates

The isolate obtained was then anaiyzed by FTIR and
LCMS spectroscopy. FTIR spectroscopy was used to de-
termine the functional groups of the isolate compound,
while LCMS was used to determine the mass spectra

(MS) of the isolate.

The antioxidant activity analysis

Activity of antioxidant was evaluated by using
DPPH method. Sample solutions inciuding n-hexane,
ethyl acetate, methanoi, butanol, aquadest puspa leave
dried extracts and isolate were prepared in methanol. An
approximateiy 0.01g of piant extracts were dissolved in
1 mL of methanol, while a solution 0.004% of DPPH
was also prepared in the same solution. Different con-
centrations of the sampie were prepared by mixing the
DPPH stock solution and the respective amount of the
sample to obtain a final concentration of 10, 50, 100, and
200 ug/mL, in order to find the IC50 value of the tested
sampie solutions of 10 — 200 ug/mL. Whilst quercetin
as a standard antioxidant and the positive control was
dissolved in methanol with a final concentration of 10 —

25 pg/ mL. The sampie solution was then reacted with
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1 mM DPPH in methanol with total volume of 10 — 25
mL in a water bath at 37°C. The blank was 1 mM DPPH
in 2.5 mM of methanol. Incubation was done at 37°C in
dark room for 30 minutes. After that, absorbance meas-
urements performed using spectrophotometer UV-VIS
at a wavelength of 517 nm was recorded and the percent

inhibition was calculated as follows:

-9

% inhibition = [ X 100%

where C is absorbance of the blank and S is the sample
absorbance. The IC;, value was calculated as the con-
centration that caused 50% inhibition of DPPH [11, 16].

Toxicity analysis

Toxicity analysis was carried out using BSLT
(Meyer’s) method. The method was conducted using
nauplii of A. salina Leach that was generally considered
as a bench top assay aiming at the discovery of cytotoxic
compounds. About 50 — 100 mg brine shrimp’s eggs
were placed in seawater in the vessel and allowed the
shrimps to mature as shrimp larvae for 48 hours. An
amount of 10, 100, 500, and 1000 pg/mL of samples con-
centration were prepared. About 100 mL of seawater
containing 10 — 11 shrimp larvae of A. salina L. were
transferred into the test container. About 100 pL of each
sample concentration of 10, 100, 500, and 1000 pg/mL
was added to the test container. Each concentration was
carried out three replicates. Solutions were incubated for
24 hours at room temperature under illumination. The
number of dead and life of shrimp larvae in every hole
was counted, and LCs, value was determined after 24
hours exposure. LC;, value is the concentration of a sub-
stance that caused 50% of the death of shrimp larvae
(14, 17).

RESULTS AND DISCUSSION

Antioxidant activity was performed using DPPH
radical, due to the easy, rapid, and economical method
of establishing antioxidant activity. 1,1»diphenyl»2»pic»
rylhydrazyl (DPPH) has a distinctive purple color. After
reacting with the antioxidant compound, DPPH will be
reduced to 1,1»dipheny1-2»pikrilhidrazin that was indi-
cated by changing the DPPH solution color turn a yel—
low color. The color change from purple to yellow was
proportional to the number of captured electrons or rad-
icals and can be measured by visible light spectropho—
tometry at wavelength 515 — 517 nm [18, 19, 20, 21, 22].
The antioxidant activity test in this study, we used quer-
cetin as standard antioxidant/material which has been
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Figure 1. ICy, value of puspa leaves extracts as an antioxidant
(ng/mL) (Note: nH: n-hexane, EtOAc: ethyl acetate,
MeOH: methanol, BuOH: butanol)

known as an antioxidant with IC, less than 10 pg/mL,
so we know if the tested solutions had the same, less, or
higher activity compared to the standard material [8].

The antioxidant activity test result showed that ethyl
acetate, methanol, and butanol extracts of puspa leaves
were active as antioxidant indicated by changing of the
DPPH solution color, from purple to yeHow color. The
results of the antioxidant activity test of extracts were
presented in Figure 1.

The IC,, value was a number of the concentration
of sample that can inhibit 50% of the oxidation process.
Based on the IC;, value, it showed that ethyl acetate,
methanol, and butanol extracts have an ICSO value less
than 50 pg/mlL, thus the extracts categorized as very ac-
tive as an antioxidant, but less active than quercetin asa
standard antioxidant with ICy, value 9.35 pg/ mL. The
sample was very active/strong as antioxidant if its ICy,
value 50 — 100 pg/ mL. The extract was categorized as
active/moderate antioxidant if its IC, value of 100 — 150
pg/mL and as weak antioxidant if its ICy, value of 151
— 200 pg/mL [8, 16]. Based on the ICy, value, the
aquadest extract with IC;, value 171.94 pg/mL were cat-
egorized as a weak antioxidant, while the n-hexane ex-
tract was not active as antioxidant indicated its IC,
value of 257.91 pg/mL. The ethyl acetate extract that
most active as an antioxidant than the other extracts was
further isolated.

The preliminary assay of cytotoxicity of puspa
leaves extracts was toxicity test using Brine Shrimps Le-
thality Test (BSLT) method. BSLT is an easy, cheap, and
reliable to be used as a preliminary assay of an anti-
cancer or cytotoxic activity of natural products screen-
ing. The extract is active or toxic if the value of LC50
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Figure 2. LCs, value of puspa leaves extracts as an antioxidant
(ug/mL) (Note: nH: n-hexane, EtOAc: ethyl acetate,
MeOH: methanol, BuOH: butanol)

Figure 3. TLC analysis of the TLC preparative result (a) no irra-
diation, (b) radiation using UV at 254 nm, and (c) ra-
diation using UV at 365 nm, and (d) control (the start-

ing compound was the combined fraction of B8)

less than 1000 pg/mL (< 1000 pg/mL), and for a com-
pound is active if of LC50 less than 30 pg/mL (< 30
ug/ mL) [14, 15]. In this BSLT test no shrimp mortality
was found in DMSO as a negative control. The result of
BSLT of puspa leaves extracts showed at Figure 2. It
showed that n shrimp model, no death of the nauplii
was recorded in negative control (DMSO) group. It also
showed that all of the extracts were active against A. sa-
Iina L. with a LC,, value of 107.4 — 902 ug/mL which
was considered moderately toxic. Therefore, puspa
leaves extracts were potential sources of the cytotoxic
agent.

Based on the antioxidant activity and toxicity test
result, so that the ethyi acetate extract that most active
as antioxidant and potential as a cytotoxic agent than
the other extracts were then isolated. Isolation of the

compound was carried out by silica gel column chroma-

tography eluting with n-hexane, a gradient of ethyl ace-
tate to 100%. The separation by column chromatog-
raphy yieids 135 fractions (F1 — F135) than combined
into 10 combined fractions of B8 — B17. The result of
isolation by column chromatography has not produced
a pure compound yet so that further purification was
carried out. Based on the TLC analysis, the suspected
compound as the target compound obtained at the com-
bined fraction of B8 — B17 was then separated by pre-
parative TLC [22]. The preparative TLC resulted in 20.2
mg of the active isolate. The active isolate was analyzed
using TLC again to ensure the purity of the compound.
The TLC analysis results of the active isolate product
were presented in Figure 3.

The isolate compound was analyzed by FTIR spec-
trophotometer to determine the presence ofa particular
functional group of the isolate compound. The com-
pound exhibited absorption bands at 3151.69 cm™ —
3473.80 cm™ indicating the presence of hydroxyi (OH)
groups. At 2926.01 cm™ and 2860.43 cm™ indicating the
presence of C-H stretch. Furthermore at 1726.29 cm™
indicating the presence of carbonyl (C=0) group and at
1606.70 cm™ indicating the absorption of the C=N bend-
ing group [24]. At 1452.40 cm™ indicating the presence
of methyl (CH,) group and at 1236.37 cm™ and 1178.51
cm™” was the absorption of the C-O group. Based on all
of the functional groups contained in the isolate, it can
be predicted that the structure of the isolate belongs to
the flavonoid. The presence of C=N bending group on
the spectrum also indicates the possibility of the pres-
ence of amino groups or alkaloids of the isolate.

The mass spectra (MS) or molecular weight (MW)
of the isolate was analyzed by LC-MS. The chromato-
gram of isolate illustrated 1 peak that is not sharp but
widened, which the retention time of 1.68 minute and
MS/MW of 174.26 g/mol was recognized as theanine, as
the molecular weight of theanine according to literature
was 174.20. Theanine was an amino acid that commoniy
found in the puspa leaves. Theanine has been known as
a functional drink additive for disease prevention and
health promotion due to its antioxidant, antimutagenic
and anticarcinogenic effects [25, 26, 27]. Another MS
most likely were impurity. The LC-MS chromatogram

of isolate presented as Figure 4.

Antioxidant activity of isolate

The active isolate contained a major compound
known as theanine was then tested as an antioxidant us-
ing DPPH method and toxicity against A. sa/ina L. using
BSLT method. The antioxidant activity of the active iso-
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Table 1. ICs, value of antioxidant and LCs, value of isolate
Sample Name IC,, (ug/mL) LC., (ug/mL)

Ethyi acetate extract 17.07 107.35

of puspa leaves

An active isolate of 48.04 27.71

puspa leaves ethyl

acetate extract

Quercetin 9.35 -

late compared to puspa leaves extract and quercetin as
standard antioxidant. The active isolate can change the
color of DPPH solution, purpie to yeiiow, which means
that the active isolate can inhibit the DPPH radical. The
antioxidant and BSLT test result of the active isolate
showed in Table 1.

The IC50 value of isolate higher than the IC50 val-
ues of extract and quercetin. It means, the antioxidant
activity of isolate containing theanine compound weaker
than antioxidant activity of the extract. The smaller of
the 1C50 value means the stronger of the antioxidant
activity [11, 13]. It may be due to the purity of com-
pounds, where the isolate was still a mixture compound
and the minor compound was maybe antagonistic to the
antioxidant activity of major compound so that decrease
the antioxidant activity of the active isolate. Neverthe-
less, the IC50 value of the active isolate was still below
50 pg/mL (< 50 pg/mL) so that the isolate was still cat-
egorized as very strong/ active antioxidant [11].

The BSLT test result of the active isolate showed
that the active isolate was active against A. salina L. with
LC,, value of 27.71 ug/ mL, so that the active isolate was
a potential source of cytotoxic agents based on the value
of LC;, whereas for a compound was active if its LCs,
value of < 30 pg/mL [14, 15].

CONCLUSION

Based on IR and MS spectrums, the major com-
Pound contained in the active isolate of ethyi acetate ex-
tract of puspa leaves might be theanine compound.
Based on the IC,, values, both of extract and the active
isolate of ethyl acetate extract of puspa leaves were cate-
gorized as a very strong antioxidant. Based on the LC,
value, the isolate has potency as a cytotoxic agent also.
Therefore, puspa leaf potentially to be developed as a
natural antioxidant and anticancer agent for preventing
human diseases. In future identification or molecular
structure elucidation of the active isolate by using 'H
and *C-NMR should be conducted.

ACKNOWLEDGMENT

The authors were grateful to Indonesian Ministry
for Research Technology and Higher Education
(Ristekdikti) for funding this research. We also thanks
Mrs. Puspa Dewi Lotuiung and Mrs. Yeni Apriiiani for
her heip in LC-MS and IR analysis, Prof. Dr. Muham-
mad Hanafi for suggesting this research.

REFERENCES

1. Sharma N, Samarakoon KW, Gyawali R et al. (2014) Evalu-
ation of the antioxidant, anti-inflammatory, and anticancer
activities of Euphorbia hirta ethanolic extract. Molecules 19
(9): 14567 — 14581. doi:10.3390/molecules190914567.

2. Sarbadhikary SB, Bhowmik S, Datta BD, Mandal NC (2015)
Antimicrobial and antioxidant activity of leaf extracts of two
indigenous angiosperm species of Tripura. International
Journal of Current Microbiology and Applied Science 4 (8):
643 — 655.

3. Kosasih EN, Tony S, Hendro H (2006) Peran antioksidan
pada usia lanjut. Jakarta, Pusat Kajian Nasional Masalah
Lanjut Usia, in press.

4. Heyne K (1987) Tumbuhan berguna Indonesia Jilid 3. Ja-
karta, Yayasan Sarana Wana Jaya.

5. Orwa CA, Mutua R, Kindt R et al. (2009) Agroforestree da-
tabase: A tree selection

reference  and

guide.

http://www.worldagroforestry.org/af/treedb/. Accessed:
September 2017.

6.  Subarnas A, Diantini A, Abdulah R et al. (2012) Anti-prolif-
erative activity of primates-consumed plants against MCF-7
human breast cancer cell lines. E3 Journal of Medical Re-
search 1 (4): 38 — 43.

7. Barliana MI, Diantini A, Abdullah R (2012) Aktivitas tana-
man asli Indonesia Puspa (Schima wallichii) sebagai senyawa
antimalaria baru. In Proceedings of InSINAS: 28-29 Novem-
ber 2012. Edited by: Djoko WK, Didik N, Erry RN et al.

8. Diantini A, Subarnas A, Lestari K et al. (2013) Kaempferol-
3-O-rhamnoside isolated from the leaves of Schima wallichii
Korth. inhibits MCF-7 breast cancer cell proliferation
through activation of the caspase cascade pathway. Oncology
Letters 3 (5): 1069 — 1072. doi: 10.3892/01.2012.596.

9.  Supiani (2015) Ekstraksi dan uji fitokimia daun medang-me-
dangan (Schima wallichii) (Laporan Kerja Praktik). Tange-
rang Selatan, Pusat Penelitian Kimia LIPI.

10. Boots AW, Haenen GRMM, Bast A (2008) Health effects of
quercetin: From antioxidant to nutraceutical. European Jour-
nal of Pharmacology 585 (2-3): 325 — 337. doi:
10.1016/j.ejphar.2008.03.008.

11. Yen GC, Chen HY (1995) Antioxidant activity of tea extract

in relation to their antimutagenity. Journal of Agricultural




Antioxidant and Toxicity of Puspa Leaves

12.

13.

14.

15.

16.

17.

18.

19.

and Food Chemistry 43 (1): 27 — 32. doi:
10.1021/j{000492007.

Gurav S, Deshkar N, Gulkari V et al. (2007) Free radical
scavenging activity of Polygala chinensis Linn. Pharmacolo-
gyonline 2: 245 — 253.

Wulansari, Chairul (2011) Penapisan aktivitas antioksidan
dari beberapa tumbuhan obat Indonesia menggunakan
radikal 2,2-diphenyl-1-picrylhydracyl (DPPH). Majalah
Obat Tradisional 16 (1): 22 — 25.

Meyer BR, Ferrigni NR, Putman JE et al. (1982) Brine
shrimp: A convenient general bioassay for active plant con-
stituent. Planta Medica 45 (5): 34 — 45. doi: 10.1055/s-2007-
971236

McLaughin JL, Lingling LR (1998) The use of biological as-
say to evaluate botanicals. Drug Information Journal 32: 513
— 524,

Prakash A, Okawa (2001) Antioxidant activity. Medallion
Laboratories Analytical Progress 19 (2): 1 — 4.

Mapiliandari C, Candra I (2009) Brine shrimp lethality test
(BSLT) dari daun sirih merah (Piper crocatum). Warta Akab
21: 23 — 29.

Baravalia Y, Vaghasiya Y, Chanda S (2012) Brine shrimp cy-
totoxicity, anti-inflammatory and analgesic properties of
Woodfordia fruticosa Kurz. flowers. Iranian Journal of Phar-
maceutical Research 11 (3): 851 — 861.

Vaya ], Aviram M (2001) Nutritional antioxidant: Mecha-
nism of action, analyses of activities and medical applica-
tions. Current Medicinal Chemistry - Immunology, Endo-
crine and Metabolic Agents 1 (1): 99 — 117. doi:
10.2174/1568013013359168.

20.

21.

22.

23.

24.

25.

26.

27.

Molyneux P (2004) The use of stable free radical di-phenyl
picryl hydrazyl (DPPH) for estimating antioxidant activity.
Songklanakarin Journal of Science and Technology 26 (2):
211-219.

Reynertson (2007) Phytochemical analysis of bioactive con-
stituents from edible Myrtaceae fruit. PhD thesis. The City
University of New York, Chemistry Department.
Fitrianingsih W (2016) Isolasi dan identifikasi serta uji ak-
tivitas antioksidan metabolit sekunder dalam kulit batang
medang-medangan (Schima wallichii). Bachelor thesis. Uni-
versitas Jenderal Soedirman Purwokerto, Department of
Chemistry.

Sherma J. Bernard F (2013) Handbook of thin layer chroma-
tography. New York, Marcel Dekker Inc.

Sianturi J, Purnamasari M, Mayanti T et al. (2015) Flavonoid
compounds from the bark Aglaiaeximia (Meliaceae). Makara
Journal of Science 9 (1): 7 — 12. doi: 10.7454/mss.v19i1.4476.
Deng WW, Ogita S, Ashihara H (2010) Distribution and
biosynthesis of theanine in Theaceae plants. Plant Physiol-
ogy and Biochemistry 48 (1): 70 — 72. doi:
10.1016/j.plaphy.2009.09.009.

Paudel RR, Subba B (2014) Extraction and isolation of chem-
ical constituens from Schima wallichii bark. Pharmacy 11
(1):7 — 13.

Williams J, Kellett J, Roach PD et al. (2016) L-theanine as a
functional food additive: Its role in disease prevention and
health promotion. Beverages 2 (13): 1 — 16. doi:
10.3390/beverage52020013.




