Indonesian
Karim et al. Journal of Biotechnology, June, 2012

Vol. 17, No.
pp.1-9
I.J.1,Biotech.

Cytotoxic Activity of Tegari (Dianella nemorosa Lam.) Methanol Extract
Against HeLa Cells
Aditya Krishar Karim 1,2*, Sismindari 3, Widya Asmara4, and Istriyati2.
Department of Biology, Faculty of Science and Mathematic, Universitas Cenderawasih, Jayapura,
Indonesia.
2
Faculty of Biology, Universitas Gadjah Mada, Yogyakarta, Indonesia.
3
Faculty of Pharmacy, Universitas Gadjah Mada, Yogyakarta, Indonesia.
4
Department of Microbiology, Faculty of Veterinary Medicine, Universitas Gadjah Mada, Yogyakarta,
Indonesia.
1

Abstract
Dianella nemorosa Lam. also known as tegari belonging to the Liliaceae family. This plant has been utilized
for Papua traditional medicine as well as anticancer agent. This research examined potential cytotoxic activity
of tegari (D. nemorosa) leaves extract against cervical cancer cell line (HeLa). Methanol extract was obtained
by extracting the leaves powder using methanol. Extract was then applied into HeLa cell line to find out the
cytotoxic activity. MTT [3-(4,5-dimetilthiazol-2-il)2,5-difeniltetrazolium bromida) assay was used to measure
the cytotoxic activity. The result indicated that D. nemorosa leaves extract possessed cytotoxic activity in HeLa
cell line with IC50 values were 685,69 μg/ml, 506,43 μg/ml and 708 μg/ml at the incubation period of 24, 48
and 72 h respectively. The strongest cytotoxic was showed by methanol extract incubated in 48 h.
Keywords : Dianella nemorosa Lamk, Cytotoxic, HeLa Cell, MTT Assay

Introduction
Cancer is an abnormal mass of tissue
which the cells exhibit an uncontrolled
division, leading a progressive increase in the
number of dividing cell (Bowman and Rand,
1989; DeVita, et al., 1997; Sudiana, 2008).
Cancer is a leading cause of death globally
in the world and most cancer are currently
increasing in incidence. The World Health
Organization estimates that 7.6 million
people died of cancer in 2005 and 84 million
people will die in the next 10 years if action
is not taken.
More than 70% of all cancer deaths
occur in low- and middle-income countries,
where resources available for prevention,

diagnosis and treatment of cancer are limited
or nonexistent (Anonim, 2002; Anonim,
2008).
The major treatments currently available
are surgery, radiation therapy, chemotherapy
and immunotherapy. Chemotherapy
often causes severe side effects, particularly
reduced resistance to infection, internal
bleeding, diarrhea, nausea, hair loss, and
insufficient oxygen in the blood, known as
anemia. Many people, conversely, attempt to
employ traditional therapy, especially from
plants (Goldie, 2001; Kintzios and Barberaki,
2004; Aziz et al., 2006; Miller, 2008).
Plants have been an indispensable
source of natural products for medicine. An
estimation of the World Health Organization
states the around 85-90% of the world’s
population consumes traditional herbal
medicines for their primary health care
(Tripathi and Tripathi, 2003; Sekar et al.,
2007). Many plants used in treatment of
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could be developed as a potential anticancer
agent for prevention and treatment of
different human cancers. Therefore, the
objective of this research was to examine
the cytotoxic effect of methanol extract of D.
nemorosa leaves on HeLa cancer cell line.

cancer. The therapeutic effect of natural
material is related to the their chemical
compounds (Wahyuningsih, 2006).
Dianella nemorosa that has local name
Pra Kepey in Papua, is one of the anticancer
plants. This is plant commonly used by
the local community in Tablasupa village,
Sentani, Papua. They generally consumed
the leaves of this plant either in the raw form
or by drinking the soup made by boiling the
leaves in water (Maturbongs et al., 2000;
Fitowin, 2006).
Genus Dianella commonly known as
Tegari in Indonesia consist of 30 known
species belonging to the family Liliaceae
which are distributed throughout Asian
countries such as Indonesia, Taiwan,
Bangladesh, Philippina, Japan, and China.
It is also found in Polynesia, New Zealand
and Australia, (Longid 1992; Xingi et al.,
2000; Hegarty et al., 2001; Li, 2006; Uddin and
Hassan, 2009).
Some study reported Genus Dianella
was known to contain naptho- quinone,
napthalane, plumbagin, stypandrol, polifenol
and saponin (Robinson, 1975; Byrne et
al., 1987; Cheeke, 1989; Chung et al., 1998;
Jumar and Helda, 2003). Other study show
that musizin derivaties of naphthalene,
benzoic acid, acetophenone, isougenitol and
chromones have been isolated from the roots
of D. ensifolia (Lojanapiwatna et al., 1982;
Chung et al., 1998).
Napthoquinon and plumbagin possess
various pharmacological activities such as
anticancer (Srinivas et al., 2004; Santos et al.,
2003; Wang et al., 2008; Babula et al., 2009)
and antitumor (Kavimani et al., 1996). Other
study reported that naphthalene, benzoic
acid, acetophenone, isougenitol, chromones
possess various anticancer activities in a wide
variety of cell line (Gul et al., 2002; Tatsuzaki
et al., 2006; Gamal et al, 2007: Subramaniam
et al., 2008; Tumiatti et al., 2009; Nakayama
et al., 2009).
Based on these study on chemical
compound that might also present in D.
nemorosa, it was believed that D. nemorosa

Materials and Methods
Preparation of extract
D. nemorosa plant was collected from
the Tablasupa village-Sentani, Papua. The
plant was identified by Laboratory of Plant
Taxonomy, Faculty of Biology, Universitas
Gadjah Mada and Laboratory of Botany
and Herbarium, Indonesian Institute of
Science (LIPI). The leaves were washed,
dried and chopped finely using a blender.
Five hundred grams of dried material
were exhaustively extracted with methanol
maseration. The methanol extract was filtered
and concentrated using a rotary evaporator
then the evaporated extract would be
dried.
Preparation of cervical cancer cell line
(HeLa)
HeLa cell line that was obtained from
laboratory stock of LPPT UGM was grown
on RPMI (Rosswell Park Memorial Institute)
1640 (Sigma) medium containing 5% v/v
Fetal Bovine Serum (FBS) (Sigma) and 1%
v/v Fungison (Sigma) in the presence of
1% w/v of Penicillin-streptomycin (Sigma).
The cultures were maintained at 37OC in
humidified atmosphere of 5% CO2.
In vitro assay for cytotoxic activity
A hundred microlitre of the cell
suspension 2.104 cell/ml was plated into 96
well microplate (Nunc, Germany) and treated
with different concentration of methanol
extract isolated from D. nemorosa leaves, in a
serial dilution (1000, 500, 250, 125, 62.50, 31.25
dan 15.625μg/ml). Following treatment,
plates were incubated in CO2 incubator at
37OC for 24, 48 and 72 h. After incubation,
media was removed and MTT reagent (10μl)
in PBS (5mg/ml) was added to each well
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in Figure 1 at a concentration of 1000 μg/
ml cell, death was almost 100% compared
to control and the inhibitory level was
decreased when the concentration of the
extract was decreased. The result suggest
that the methanol extract might be contain
bioactive compounds that inhibit the growth
of HeLa cell line.
The activities of these extract against
HeLa cell line might be due to the presence
of highly complex compounds that present in
D. nomorosa. Several study have reported that
chemical constituents or active compounds
such as napthoquinone, plumbagin,
napthalane,stypandrol, polifenol, saponin,
dianellidin, chromones, benzoic acid,
aceptophenone have been identified from
the roots some of Dianella like D. ensifolia, D.
revoluta, and D. longifolia (Cooke and Down,
1971; Lojanapiwatna et al., 1982; Colegate et
al., 1986; Cheeke, 1989; Chung et al., 1998).
Dias et al. (2009) reported others Australian
medicinal plant D. callicarpa contained
naphthalene aglycones and glycosides.

and plates were further incubated for 4 h.
Reaction was stopped by the addition of 100
μl 10% sodium dodecyl sulfate (SDS) and
incubation was continued in CO2 incubator
at 37OC for 15 h. The absorbance was read
at wavelength of 540 nm using ELISA
reader. The percentage cellular viability was
calculated with appropriate control taken into
account. The concentration which inhibited
50% of cellular growth (IC50) was determined.
The inhibitory rate of cell proliferation was
calculated by the following formula:
Growth (%) =
inhibition

OD Control-OD treated
OD Control

x 100

Results and Discussion
Cytotoxic test was used to find out a
potential anticancer properties of methanol
extract isolated from D. nemorosa leaves
against HeLa cell line. Experiment on
cytotoxiciy were designed to determine the
maximal concentration of extract compatible
with cell survival.
In this study, toxicity data were
expressed as IC50, a concentration of extracts
that cause 50% inhibition of cell growth and
was obtained by plotting the percentage
growth inhibition versus concentration of
methanol extract sampels. The extract that
gave a IC50 value of 1000 μg/ml or less was
considered as anticancer activities (Doyle and
Griffiths, 2000).
The result demonstrated that the extract
possessed cytotoxic activity against HeLa cell
lines with IC50 values of 685.69 μg/ml, 506.43
μg/ml and 708 μg/ml at the incubation of
24, 48 and 72 h respectively. Although the
IC50 values were higher than the American
National Cancer Institute standard that is
stated for crude extract of a plant obtained
should be less than 20μg/ml (Geran et al.,
1972), the methanol extract of D. nemorosa still
could be able to be developed as a potential
chemopreventif agent for prevention and
treatment of other cell cancer. As shown
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Figure 1. Correlation concentration of methanol extract
D. nemorosa (μg/ml) with percentage of cell death (%).
(■-24 h), (▲-48 h) and (●-72h).

Cell proliferation involves complex
combinations of many biochemical processes
and different compound might influence
different biochemical processes or stages in
different manners. Therefore, the presence of
the napthoquinone, plumbagin and phenolic
group could be assumed to be responsible for
the anticancer activities of methanol extract
this study. In our preliminary study using
paper chromatography also showed that the
methanol extract of D. nemorosa contained
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active of cell in the culture. It was indicated
that methanol extract of D. nemorosa leaves
proved to possess anticancer properties
against HeLa cell lines tested. Therefore, it
may has a potential as an anticancer agent
since it has IC50 values less than 1000 μg/ml.
This result supported the MTT experiment
as shown in Figure 1.
In our preliminary study showed that
chloroform extract from leaves D. nemorosa
has been done but the chloroform extract did
not show any cytotoxic activity on the cell
line studies at concentration up to 1000 μg/
ml. The result suggested that the methanol
extract of D. nemorosa may contain bioactive
compounds that inhibit HeLa cell line
compared to chloroform extract.

phenolic, alkaloid, tannin and terpenoid
compounds but it doesn’t contain saponin.
Several studies had demonstrated the
significantly cytotoxic effect of plumbagin
against human cervical and breast cancer cell
(Srinivas et al., 2004; Ahmad et al., 2008). Chen
et al., 2009 reported that the in vitro cytotoxicity
of plumbagin isolated from ethanol extract of
Plumbago zeylanica L root have IC50 values of
17.9 μmol/L, 12.9 μmol/L, 67.6 μmol/L and
34.7 μmol/L against cancer cell lines 786-O
(renal carcinoma), MCF-7 (breast carcinoma),
CNE-2 (nasopharyngeal cancer) and HCT116
(colon cancer) respectively. Napthoquinone
have an interesting potential as a cytotoxic
agent. Its induced cell death on many cancer
cell line such as HEPA-3B (hepatic cancer),
A-549 (lung cancer), HaCat (keratinocytes)
and HeLa (cervical cancer) (Higa et al., 1998;
Inbaraj and Chignell, 2004; Srinivas et al.,
2004).
Semplea et al. (1998; 2001) showed that
250 μg/ml of D. longifolia roots extract had
been found to inhibit poliovirus types 1
(Piconarividae) in vitro, and it means that it can
be used for cancer treatment that is caused
by virus such, as HeLa cell line that was
used in this study. Human papilomavirus is
considered as virus agent of cervical cancer.
The other D. callicapa displayed significant
antimicrobial and antiviral activities (Dias
et al., 2009).
This study showed that the ability of
methanol extract to inhibit proliferation of
HeLa cell line was estimated by analyzing
its effect on the growth of the cells (Figure
2). The growth of the untreated (control) and
treated HeLa cell line after incubation for
24, 48 and 72 h were photographed using a
phase contrast microscope. Figure 2A shows
the untreated cells after 24 h incubation.
It can be seen that the cells were growing
normally as indicated by the presence of
formazan dye formed. The inceasing of the
extract concentration caused the decreasing
of formazan dye (Figure 2C and 2D). The
formation of formazan dye directly was
correlated to the number of metabolically

Figure 2. Morphology of Hela cell line after treated
with MTT. (A) Untreated cell (B) treated with 15.625
μg/ml extract (C). treated with 125 μg/ml extract and
(D) treated with 500 μg/ml extract. Cell treated with
methnol extract of D. nemorosa after incubation 24 h.
Many of formazan dye formed in untreated cell and
decreased in 125 μg/ml and 500 μg/ml extract.

The cytotoxicity effect of natural
materials is related to the chemical compounds
(Cragg and Newman, 2005; James et al., 2007).
In D. nemorosa, various chemical were present
such as phenolic, alkaloid, terpenoid, and
tanin. Several studies had shown that these
compounds contained in D. nemorosa possess
various pharmacological properties such as

4

Karim et al.

I.J. Biotech.

to inhibit the HeLa cell growth with the
IC50 of 59 μg/ml after 24 h of incubation
(Kusharyanti et al., 2008).
It assumed that methanol extract of
D. nemorosa contained many compounds
like phenolic, alkaloid, terpenoid, and tanin
responsible for cytotoxic effect on HeLa cell
culture.
In this study, further investigation is
needed to determine whether the inhibitory
effect of methanol extract on the growth of the
cells is due to the inhibition of the proliferation
of the cells or the induction of cell death. It has
also been suggested that an in vivo study should
be carried out in conjunction with the in vitro
study, so that the results can be compared and
more information regarding the anticancer
properties of methanol extract from D. nemorosa
leaves will become clear. This is important,
because there may be many factors that affect
the anticancer activity in the in vivo study.
Furthermore, in vitro studies may not produce
the same results as in vivo experiments.
Studies are necessary to be conducted
to investigate the bioactivity compounds,
to characterization of the active ingredients
(chemical compounds), and to found out
the molecular mechanisms involved in
anticancer agent of extract methanol D.
nemorosa leaves is also important for future
therapeutic application.
In conlusion, the extract methanol of
Dianella nemorosa leaves from Papua possess
potential cytotixicity activity in cervical
cancer cell line (HeLa) with IC50 values for 24,
48 and 72 h were 685.69 μg/ml, 506.43 μg/
ml and 708 μg/ml respectively. The strongest
cytotoxic was showed by methanol extract
incubated in 48 h.

antioxidant, antiviral and anticancer activity
in cultured cell line and animal models
(Aslamuzzaman et al., 2003; Ling-Hua et al.,
2004; Khalil et al., 2007; Ziying et al., 2009).
Catarina et al.,(2003) reported that
phenolic compounds inhibit three different
human cel line; cervix (HeLa), Mamary
gland (MDM-MB-231) adenocarcinomas and
lymphoblastic leukemia (MOLT-3). Meiyanto
and Endah (2005) showed that screening for
phenolic compounds isolated from Gynura
procumbens found to have chemopreventive
potency. Fenolic fraction (IC50 119 μg/ml) of
ethanolic extract has antiproliverative effect
with the mechanisme of cell cycle delay
and induction apoptosis on HeLa cell line.
Other study reported some alkaloid can
induce apoptosis in HCT-116 (Ling Hua et
al., 2009). Identification compounds by TLC
and densitometry showed that alkaloid
compounds in chloroform fraction from
Carica papaya have anticancer with the value
IC50 104,4 μg/ml on myeloma cell line and
induction apoptosis activity (Sukardiman et
al., 2006).
Several studies had showed two novel
alkaloids, schischkinnin and montamine have
been isolated from the seeds of Centaurea
schischkinii and Centaurea Montana. Both of
the alkaloids exhibited significant cytotoxicity
against human colon cancer cell lines (Shoeb et
al., 2005; 2006). Alkaloids like vinblastine and
vincristine from the Madagascar periwinkle,
Catharanthus roseus G. Don. introduced a new
era of the use of plant material as anticancer
agents. They were the first advanced agents
that was used for clinical treatment of cancer.
Vinblastine and vincristine are primarily
used in combination with other cancer
chemotherapeutic drugs for the treatment
of a variety of cancers, including leukemias,
lymphomas, advanced testicular cancer,
breast and lung cancers, and Kaposi’s
sarcoma (Cragg and Newman, 2005).
Phytochemical study of Irvingia malayana
indicated that methanol extract contained
flavonoid, alkaloid, terpenoid, polyphenol,
quinone and steroid. This extract was able

Acknowledgments
The research was part of the Herbal
Research Group that was supported grant
from Health and Medical Cluster 2009,
Universitas Gadjah Mada and we also thank
to Prof. Dr. Mae Sri Hartati Wahyuningsih,
Apt. M.Si, as coordinator of the research
group.

5

Karim et al.

I.J. Biotech.

References.
Anonim, 2002. National Cancer Control
Programmes : Policies and Managerial
Guidelines. 2ndEd. WHO Press, World
Health Organization, 20 Avenue Appia,
1211 Geneva 27, Switzerland. p.15-21.
Aslamuzzaman, K., Daniel, A., Urbizu,
Deborah, J.K., Abelardo, L.A., Edward,
R.J., Gail, P.G., Nagi, B.K., and Ping
Dou Q. 2003. A natural Musaceas plant
extract inhibits proteasome activity and
induces apoptosis selectively in human
tumor and transformed, but not normal
and non-transformed, cells. Int. J. Mol
Med., 2, 879-887.
Aziz, M.F., Andrijono, dan Saifuddin, A.B.
(Eds). 2006. Onkologi dan Ginekologi :
Buku Acuan Nasional. Yayasan Bina
Pustaka Sarwono Prawirohardjo.
Jakarta. p 442-455; 688-695.
Ahmad, A., Sanjeeev, B., Zhiwei, W., Dejuan,
K., and Fazlul, H.S. 2008. Plumbagininduced apoptosis of human breast
cancer cell is mediated by inactivation
of NF-kB and Bcl2. J.Cell.Biochem., 105,
1461-147.
Anonim, 2008. Cancer control : knowledge into
action : who guide for effective programmes:
diagnosis and treatment (Module 4). WHO
Press, World Health Organization,
20 Avenue Appia, 1211 Geneva 27,
Switzerland. p 43
Byrne, L.T., Colegate, S.M., Dorling, P.R.,
and Huxtable, C.R. 1987. Imbrica-tonol,
a naphthol naphthoquinone dimer
isolated from Stypandra imbricata and
Dianella revolute. Australian J.Chem.,
40(7), 1315– 1320.
Bowman, W.C., and Rand, M.J. 1989. Textbook
of Pharmacology:Neoplastic disease and
anticancer drugs. Blackwell Scientific
Publication. London. p. 38.1-38.15.
Babula, P., Adam, V., Havel, L., and Kizek,
R. 2009. Noteworthy secondary
metabolites naphthoquinones: their
occurrence pharmacological proper-ties
and analysis. Curr. Pharm. Analys.,5,
47-68.

Cooke, R.G., and Down, J.G. 1971. Colouring
matters of australian plants. Xvi. Minor
constituents of Dianella revoluta and
Stypandra grandis. Australian J.Chem.,
24(6), 1257–1265.
Colegate, S.M., Dorling, P.R., and Huxtable,
C.R. 1986. Dianellidin, Stypandrol And
Dianellinone: An Oxidation-Related
Series From Dianella revolute.Phytochem.,
25(5), 1245-1247.
Cheeke, P.R. (Ed). 1989. Toxicants of plants
origin. CRC Press, Inc. USA. p 84-94.
Chung, Ki Sung., Takeatsu, K., Paul, P.H.B.,
and Ji-Xiang, G. (Eds). 1998. International
collation of traditional and folk medicine:
Northeast Asia Part III. World Scientific
Publishing Co.Pte.Ltd. p 159.
Catarina, A.G., Teresa, G.C., Jose´, L.A.,
Nuno, M., Fernanda, B., and Paula,
M.M. 2003. Anticancer activity of
phenolic acids of natural or synthetic
origin: a structure-activity study. J. Med.
Chem., 46, 5395-5401.
Cragg, G.M., and Newman, D.J. Plants as
source of anticancer agents. 2005. J
Ethnopharm., 100, 72-79.
Chen, Zhen-Feng., Ming-Xiong Tan., LiMin Liu., Yan-Cheng Liu., Heng-Shan
Wang., Bin Yang., Yan Peng., HuaGang Liu., Hong Liang, and Chris, O.
2009. Cytotoxicity of the traditional
chinese medicine (tcm) plumbagin in
its copper chemistry. Dalton.Trans.,
10824-10833.
DeVita, V.T.,Hellman, Jr.S., and Rosenberg,
S.A. (Eds) 1997. Cancer: principle and
practise of oncology. 5 ed. Lippin-cottRaven. Philadelphia. p 121-133;185215;259-1880.
Doyle, A., and Griffiths, J.B. 2000. Cell and
tissue culture for medical research. John
Willey and Sons.Ltd.New York. p 4750.
Dias, D.A., Silva, C.A., and Urban, S. 2009.
Naphthalene aglycones & glycosides
from the australian medicinal plant,
Dianella callicarpa. Planta.Med., 75(13),
1442-1447.

6

Karim et al.

I.J. Biotech.

back to the future or into extinction.
Phytochem., 68, 2015- 2022.
Kavimani, S., Ilango, R., Madheswaran, M.,
Jayakar, B., Gupta, M., and Majumdar,
U.K. 1996. Antitumour activity of
plumbagin against Dalton’s ascitic
lymphoma. Indian J. Phar. Sci., 58 (5),
194-196.
Kintzios, S.E., and Barberaki, MG. (Eds). 2004.
Plants that fight cancer. Washington, D.C.
CRC Press. p 296.
Khalil, M.Y., Moustafa, A.A., and Naguib, N.Y.
2007. Growth, phenolic compounds and
antioxiant activity of some medicinal
plants grown under organic farming
condition. World J. of Agr.Sci., 3(4), 451457.
Kusharyanti, I., Ari, W., Maryati, and Edy, M.
2008. Cytotoxic activity of pauh kijang
(Irvingia malayana Oliv.) Bark Extract.
Prosiding Konggres Ilmiah. p 42-47.
Lojanapiwatna, V., Kovit, C., Kanchana, S.,
and Pichaet. 1982. Chemical constituents
of Dianella ensifolia. J.Sci.Soc. Thailand, 8,
95-102.
Longid, C.S. 1992. Studies on Philippine
Liliaceae, two spescies from the
Cordillera. Sci.Diliman, 5(1), 1-7.
Ling Hua, M., Hongliang, Z., Larry, H.,
Haruyuki, T., Rong Guang S., and Yves,
P. 2004. Tetradrine induce early g1 arrest
human colon carcinoma cell by downregulating the activity and inducing
the degradaton of G1-S-specific cyclindependent kinases and inducing p53
and p21Cip1. Cancer Res., 64, 9086-9092.
Li, T.S.C. 2006. Taiwanese Native medici-nal
plants: phytopharmacology and therapeutic
values. Published by CRC Press Taylor &
Francis Group, Broken Sound Parkway
NW. USA. p 37.
Maturbongs, R.A., Arobaya, A.Y.S., Haetubu,
C.D., and Pugu, Y.R. 2000. Etnobotani
Suku Tepin di Pulau Salawati Kabupaten
Dati II Sorong, Irian Jaya. Beccariana, 2,
38-74.
Meiyanto, E., and Endah, P.S. 2005.
Antiproliferative and apoptotic effect of

Fitowin, J.G. 2006. Pemanfaatan pra kepey
(dianella sp lamk.) Sebagai tanaman obat
tradisional oleh masyarakat Kampung
Tablasupa Distrik Depapre, Kabupaten
Jayapura. Skripsi Program Studi BiologiFKIP, Universitas Cenderawasih (Tidak
dipublikasikan).
Geran, R.I, Greenberg, N.H, Macdonald,
M.M., Schumacher, A.M., and Abbott,
B.J. 1972. Protocol for screening chemical
agents and natural product against
animal tumurs and other biological
system. Cancer Chemother., 3, 59-61.
Goldie, J.H. 2001. Drug resistence in cancer: a
perspective. Cancer Met. Rev., 20,63-68.
Gul, H.I., Gul, M., and Hannine, O. 2002.
Cytotoxic activities of some mono
and bis mannich bases derived from
acetophenone in brine shrimp bioassay.
Arzneimittel-Forschung, 52, 840-843.
Gamal, E.A.M, Djemgou, P.C.,
Tchuendem, M., Ngadjui, B.T., Tane,
P., Toshifumi, H. 2007. Anticancer
and immunostimulatory activity of
chromones and other constituents
from Cassia petersiana. Z. Naturforsch C.,
62(5-6), 331-338.
Higa, M., Ogihara, K., and Yogi, S. 1998.
Bioactive naphthoquinone derivates
from Diospyros maritima Blume. Chem.
Pharm. Bull., 46, 1189-1193.
Hegarty, M.P., Hegarty, E.E., and Wills, R.B.H.
2001. Food safety of australian plant
bushfoods. Rural industries research
and development corporation. RIRDC
Publication No 01/28.Australia. p 36-39
Inbaraj, J.J., and Chignell, C.F. 2004 Cytotoxic
action of juglone and plumbagin:
a mechanistic study using hacat
keratinocytes. Chem. Res.Toxicol., 17,5562.
Jumar dan Helda, O.R. 2003. Efikasi beberapa
tingkat dosis larutan akar Tegari
(Dianella sp.) Terhadap mortalitas
tikus sawah (Rattus argentiventer).
Agrosscientiae. 10(2), 107- 113.
James, D.M., Sylesh, K., Venkataraman, and
Henri, J.T., 2007. Plant natural products:

7

Karim et al.

I.J. Biotech.

Shoeb, M., MacManus, S.M., Jaspars, M.,
Trevidadu, J., Nahar, L., Thoo-Lin,
P.K., Sarker, S.D.2006. Montamine,
a unique dimeric indole alkaloid,
from the seeds of Centaurea montana
(Asteraceae) and its in vitro cytotoxic
activity against the CaCo2 (colon cancer
cells). Tetrahedron,62, 11172-77.
Sukardiman, Wiwied E., and Pharmasinta
P.H. 2006. Anticancer and induction of
apoptosis activity of chloroform fraction
from Carica papaya L. in myeloma cancer
cells culture. Media Kedokteran Hewan,
22(2), 104-111.
Sekar, B., Anil, K.P., Prasad, G.V.R.,
Chowdhury, R.K., Rajagopalan, G., and
Pal, J.N. 2007. Pharmacognosy can help
minimize accidental misuse of herbal
medicine. Curr.Sci., 93(10), 1356-1358.
Sudiana, I.K. 2008. Patobiologi molekular
kanker. Salemba Medika. p 98.
Subramaniam, D., Giridharan, P., Murmu,
N., Shankaranarayanan, N.P., May,
R., Houchen, C.W., Ramanujam, R.P.,
Balakrishnan, A., Vishwakarma, R.A.,
and Anant, S. 2008. Activation of
apoptosis by 1-hydroxy-5,7-dimethoxy-2-naphthalene carboxal dehy-de
a novel compound from Aegle marmelos.
Cancer.Res., 68, 8573.
Tripathi and Tripathi. 2003. Role of
Biotechnology in Medicinal Plants.
Tropc.J.Pharm.Res., 2(2), 243-253.
Tatsuzaki, J., Bastow, K.F., Nakagawa-Goto,
K., Nakamura, S., Itokawa, H., and KuoHsiung, Lee. 2006. Dehydrozingerone,
chalcone, and isoeugenol analogues as
in vitro anticancer agents. J. Nat. Prod.,
69(10), 1445–1449.
Tumiatti, V., Milelli, A., Minarini, A., Micco,
M., Campani, A.G., Roncuzzi, L.,
Baiocchi, D., Marinello, J., Capranico, G.,
Zini, M., Stefanelli, C., and Melchiorre,
C. 2009. Design, synthesis, and biological
evaluation of substituted naphthalene
imides and diimides as anticancer agent.
J. Med. Chem., 52(23), 7873–7877.

phenolic fraction of ethanolic extract of
Gynura procumbens (Lour.) Merr. againts
HeLa cells. Artocarpus, 5(2), 74-80.
Miller,G. 2008. Pencegahan dan pengobatan
penyakit kanker.Prestasi Pustakaraya.
Jakarta. Indonesia. p 273.
Nakayama, Y., Inoue, Y., Minagawa, N.,
Onitsuka, K., Nagata, J., Shibao, K.,
Hirata, K., Sako, T., Nagata, N., and
Yamaguchi, K. 2009. Chemopreventive effect of 4-[3,5-bis (trimethyl- silyl)
benzamido] benzoic acid (TAC101.) on
MNU-induce colon carcinogenesis in rat
model. Anticancer.Res., 29, 2059-2065.
Robinson, T. 1975. The Organic constituens
of higher plants : their chemistry and
interrelationships. Cordus Press. North
Amherst. Mass.
Semplea, S.J., Reynolds, G.D., O’Learyc M.C.,
and Flower, R.L.P. 1998. Screening
of Australian medicinal plants for
antiviral activity. J. Ethnopharm., 60(2),
163-172.
Semplea, S.J., Pyke, S.M., Reynolds, G.D. and
Flower, R.L.P. 2001. In Vitro antiviral
activity of antraquinone chrysophanic
acid against polio-virus. Antivir.Res.,
49(3), 169-178.
Santos, H.S., Sonia, M.O.C., Otilia, D.L.P .,
Manoel, O.M., Claudia, P., Sergio, F.,
Edilberto, R.S., and Telma, L.G.L. 2003.
Cytotoxic napthoquinone from root of
Lippia microphylla. Z. Naturforsch C., 58,
517-520.
Srinivas, P., Gopinath, G., Banerji, A.,
Dinakar, A., and Srinivas, G. 2004.
Plumbagin induces reactive oxygen
species, which mediate apoptosis
in human cervical cancer cells. Mol.
Carcino. Gen., 40, 201-211.
Shoeb, M., Celik, S., Jaspars, M., Kumarasamy,
Y., MacManus, S.M., Nahar, L., Kong,
TLP., Sarker, S.D. 2005. Isolation,
structure elucidation and bioactivity
of schischkiniin, a unique alkaloid
from the seeds of Centaurea schischkinii.
Tetrahedron, 61, 9001-9006.

8

Karim et al.

I.J. Biotech.

Uddin, S.N., and Hassan, M.A. 2009. Dianella
ensifolia (L)D.C. (Liliaceae) A new
angiospermae record for Bangladesh.
Bangladesh.J.Plant.Taxo., 16(2), 181-184.
Wahyuningsih, M.S.H. 2006. Deskriptif
penelitian dasar herbal medicine.
Majalah Obat Tradisional, 11(38), 10-14.
Wang, C.C., Chiang, Y.M., Sung, S.C.,
Hsu, Y.L., Chang, J.K, Kuo, P.L.
2008. Plumbagin induces cell cycle
arrest and apoptosis through reactive
oxygen species/c-jun n-terminal kinase
pathways in human melanoma A375.S2
cells. Cancer Lett., 18, 259(1), 82-98.
Xinqi, C., Songyun, L., Jiemei, X., and
Tamura, M.N. 2000. Liliacea: Flora of
China, 24, 73–263.
Ziying, Y., Youying, T., Susanne, B., Fang, D.,
Yi Xu, and Naoharu, W. 2009. Isolation
and Identification of compounds from
the ethanolic extract of flowers of the
tea (Camellia sinensis) plant and their
contribution to the antioxidant capacity.
LWT-Food Sci.Tech., 42, 1439-1443.

9

