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Abstract. Pratiwi RA, Nurlaeni Y. 2020. Screening of plant collection of Cibodas Botanic Gardens, Indonesia with anticancer
properties. Biodiversitas 21: 5186-5229. Cancer is a life-threatening disease worldwide. One approach to developing effective treatment
in fighting cancerous cells is to obtain anticancer drug candidates from natural resources, such as plants. This study aimed to inventory
and categorize plant collections in Cibodas Botanic Gardens (CBG), West Java, Indonesia that has anticancer properties in a detailed
and comprehensive manner. Literature research was conducted in international scientific databases using several keywords expressing
anticancer properties to produce list of plant species potential for anticancer. The results of this research were then cross-checked with
the plant collection database of CBG. List of plants exhibits anticancer activities were then categorized based on the ICso values (an
indicator of cytotoxicity). Our result showed 291 species from 90 families of CBG plant collection harbor anticancer properties. Among
them, 93, 100, 36, and 62 species have ICso values under Class I (strong), Class II (moderate), Class III (inactive), and Class IV
(insufficient ICso data), respectively. The families with the highest number of potential anticancer plants are Lauraceae, Leguminosae,
Meliaceae, Myrtaceae, Moraceae, Cupressaceae, Asparagaceae, Euphorbiaceae, Compositae, Clusiaceae, Lamiaceae, Apocynaceae,
Adoxaceae, Amaryllidaceae, and Elaeocarpaceae. Species that have strong anticancer activities include Acacia farnesiana, Aglaia
edulis, A. elliptica, A. silvestris, Artocarpus elasticus, Bauhinia strychnifolia, Buxus microphylla, Calophyllum soulattri, Cerbera
manghas, Cocculus orbiculatus, Cryptocarya chinensis, C. konishii, C. laevigata, Dalbergia parviflora, Diospyros discolor, Erythrina
abyssinica, Etlingera elatior, Ficus fistulosa, Garcinia x mangostana, Hemerocallis fulva, Jatropha gossypiifolia, Panax ginseng,
Podocarpus macrophyllus, Psidium cattleianum, Sansevieria ehrenbergii, Tacca chantrieri, Toona sinensis, Viburnum odoratissimum,
and V. Sambucinum. Even Serenoa repens and Taxus sumatrana contain active compounds that have been commercialized as anticancer
drugs. The data resulted from this study can serve as baseline information for further research in drug discovery and development for
anticancer treatments using living plant specimens collected in CBG. CBG has a great prospect of medicinal plants that require further
studies for formulating anticancer drug as an alternative natural resource.
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INTRODUCTION develop resistance to various drugs. Covering the

problems, one approach is to obtain the anticancer drug

Cancer is the second leading cause of mortality globally
after cardiovascular diseases. The International Agency for
Research on Cancer (IARC) (2018) estimated the global
cancer burden has risen to 18.1 million new cases and 9.6
million deaths in 2018. Indonesian Ministry of Health
research data (Riskesdas) (2018) shows that the prevalence
of cancer in Indonesia has increased from 1.4 to 1.8 cases
per thousand of population in 2015 and 2018. By 2030, it is
projected that there will be 26 million new cancer cases
with 17 million deaths per year (Thun et al. 2010).

Considering cancer as a life-threatening disease
worldwide, there is a continuing demand for developing
treatments that are effective in fighting cancerous cells with
less harmful than existing therapies. Solid tumors can be
removed surgically, or by radiation treatment and
chemotherapy that painful and induce toxic effects to
patients. Drugs can be used as treatment for certain types of
cancer, such as biological drugs, Herceptin, against breast
cancer. However, the drug is very costly while the
effectiveness is limited to certain kinds of tumors.
Furthermore, it was found in many cases that the tumor can

candidates from secondary metabolite of natural resources,
such as plants (Fridlender et al. 2015).

Utilizing plant as new drug resources in cancer
treatment provides many advantages, including it is more
cost-effective than developing synthetic compounds, faster
discovery of new drugs, offering a holistic approach that
complements the “silver bullets” of modern drug, and
synergistic effects between the various compounds of the
herbs give promising better healing effects overall
(Fridlender et al. 2015). The natural products are also
expected to build co-evolution against cancer cells so that
the incidence of cancer drug resistance is expected to be
minimal (Wang et al. 2015).

More than 3000 species of plant over the world have
been reported to have anticancer properties (Solowey et al.
2014). The promising sources of anticancer properties from
plants belong to various groups of compound, such as
alkaloids, diterpenes, diterpenoquinone, purine-based
compounds, lactonic sesquiterpene, peptides, cyclic
depsipeptide, proteins, macrocyclic polyethers, and so on
(Lichota et al. 2018). In searching for anticancer properties
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in plant, there is a long journey involving several steps that
generally need to go through. Initially, plant-derived
substances are discovered by botanists or ethnobotanists,
ethnopharmacologists, or plant ecologists. Then,
phytochemists identify the potential therapeutic activities
through the isolation of active compounds and biological
screening assays. Finally, the mode of action and relevant
molecular targets are proven through molecular biology
research (Lichota et al. 2018).

A complex set of ethnobotanical methods such as initial
investigations, sample collections, and detailed records of
the use a society makes of plants has been the starting point
for many successful novel drug discovery projects.
Ethnobotanists make information about this local
knowledge and cultural practices available to bioscientists.
The discovery of the proven anticancer drug Vincristine is
an interesting history to reflect on it. Catharanthus roseus
or known as Madagascar periwinkle has, since a long time
ago, been used to treat various diseases traditionally, from
minor symptoms such as headache to diabetes remedy. In
1960, Robert Noble and Charles Beer have isolated
alkaloid vincristine from these ornamental plants. Further
assay revealed that these ayurvedic plants exhibit a cytotoxic
effect by microtubule dynamic inhibition, causing the
mitotic spindle damage. Consequently, it inhibits mitosis
and leading cancer cells to apoptosis (Lichota et al. 2018).

Cibodas Botanic Gardens (CBG) located in West Java
has plant collection of 237 families, consisting of 949
genera, 1978 species, and 11428 plant living specimens
(Registration and Collection Unit of CBG 2020;
unpublished data). Such species have the potentials to be
developed for various uses, such as fruit crops (Normasiwi
and Surya 2016), sources of timber (Wahyuni et al. 2008),
exudates (Muhaimin and Nurlaeni 2018), natural dyes
(Efendi et al. 2017), ornamental plants (Putri et al. 2019,
unpublished data), and medicinal plants (Nikmatullah et al.
2019). Several medicinal plants are known to have
potential properties as anticancer drug, including Taxus
sumatrana which contains paclitaxel (Muhaimin 2016);
Mentha x piperita and Rotheca serrata (Lamiaceae)
(Handayani 2015); Frullania sp., Heteroscyphus argutus,
Pogonatum  cirratum, and  Marchantia  paleacea
(Bryophyte) (Nadhifah et al. 2018); Alnus japonica,
Garcinia parviflora, Gnetum gnemonoides, Mangifera
laurina,  Syzygium cf. discophorum, and Talinum
paniculatum  from  Medicinal Thematic =~ Garden
(Nikmatullah et al. 2019). However, until 2019 there has
been no comprehensive exploration of the CBG collection
that demonstrates anticancer properties.

This research was conducted to inventory and
categorize plant collections in CBG that harbor anticancer
properties in a detailed and comprehensive manner. The
data resulted from this study is expected to serve as
baseline information for further research to assess plant
secondary metabolites for anticancer treatments, including
phytochemical profiling and extraction method, in vitro
assay to cancer cell models, in vivo assay to animal models,
in silico assay as treatment simulation, or plant tissue
culture for anticancer metabolite production.
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MATERIALS AND METHODS

Study area

This research conducted in Cibodas Botanic Gardens
(CBG) located at Cianjur District, West Java, Indonesia.
CBG is a botanical garden managed by the Indonesian
Institute of Sciences (LIPI). Besides having an ex-situ
conservation role, CBG also has the function of research
and utilization of tropical floras, especially wet plateau
plants. Data investigation regarding the potential of plants
cytotoxicity against cancer was carried out through online
reference searches.

Procedures

In order to collect information about plant cytotoxicity
against cancer, we used keywords: “plant cytotoxicity”,
“herbs for cancer”, “phytotoxicity”, “plant-derived
chemoprevention”, “medicinal plant for cancer”,
“anticancer natural drug”, “plants secondary metabolite for
anticancer”, “plants with anticancer property”, and “ICso of
plant metabolite” in international databases, such as
ScienceDirect, PubMed, and Scopus, and database of
natural products and fractional extracts for cancer treatment
that has been established by previous researchers, such as
NPACT (Mangal et al. 2013) and NPCARE (Choi et al.
2017). Searches were limited to articles in English and
Indonesian language with the research interval period from
1990 to 2020. The scientific name of the plant species
mentioned in the references was recorded and verified for
their existence in the CBG through the garden collection
data. The compilation of plant database of CBG with
anticancer properties was developed by completing the
following data: family of plant, scientific name of plant
species, vernacular name, cancer cell line, extraction
method, 1Cso, reference, anticancer activity category, plant
origin, conservation status, and locality at CBG. ICso (50-
percent Inhibitory Concentration) selected as the cytotoxic
parameter in in vitro assay; as the initial procedure for
screening anticancer drug candidates.

Data analysis

Potential anticancer plants were classified into four
categories based on National Cancer Institute guidelines:
Class I for plants with strong activity against cancer cell
line, Class II for moderate activity, Class III for inactive
and Class IV for plants with insufficient ICso data but
mentioned has anticancer compound in literature (Jabit et
al. 2009, Alabsi et al. 2016). Class I was divided into four
subclasses to observe the selectivity index: I.A for plants
that their pure extract (sub-fraction method) have ICsy < 4
pg/ml against at least three cancer line cells, I.B for pure
extracts that have IC50 <4 ug/ml against one or two cancer
line cell(s), I.C for plants that their crude extract has ICsp <
10 pg/ml against at least three cancer line cells, and I.D for
crude extracts that have ICso < 10 pg/ml against one or two
cancer line cell(s). Then, Class II is for plants that pure or
crude extract that has 10 > ICso > 100 pg/ml and class III
for ICso > 100 pg/ml. Plant species belonged to Class I.A
and not listed as threatened species according to The [IUCN
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Red List of Threatened Species™ assessment were
recommended for further studies.

RESULTS AND DISCUSSION

Family distribution of plant with anticancer properties

We found 90 families that consisted of 291 species of
the collection of CBG that have anticancer properties
according to the literature research we conducted (for
detailed information, see Table 3 in appendix section). The
families with the largest number of species are as follows:
Lauraceae (21 species), Leguminosae (20 species),
Meliaceae (17 species), Myrtaceae (13 species), Moraceae
(13 species), Cupressaceae (11 species), Asparagaceae (10
species), Euphorbiaceae (10 species), Compositae (9
species), Clusiaceae (8 species), Lamiaceae (8 species),
Apocynaceae (7 species), Adoxaceae (6 species),
Amaryllidaceae (6 species), and Elaeocarpaceae (6
species). The other 75 families consisted of less than five
species of plant per family. The distribution of plant
families that have anticancer properties from CBG is
shown in Figure 1.

Plant categories based on their cytotoxicity activities (ICso)

Our result showed that based on cytotoxic activities
(ICso), plants belonged to Class of I, II, III, and IV
consisted of 93, 100, 36, and 62 species, respectively, or
32%, 34%, 13%, and 21% in percentage, respectively.
Class I is divided into four subclasses: 30 species as I.A, 27
species as 1.B, 12 species as I.C, and 24 species as I.D. The
categories of plants based on their cytotoxicity against
cancer cells are displayed in Figure 2 and the species are
listed in Table 1.
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Figure 1. The distribution of plant families that have anticancer
properties from CBG collection
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Discussion

Among plant collection in Cibodas Botanic Garden,
Lauraceae is the family consisting of the largest number of
species with anticancer potential resources, dominated by
the genus Cinnamomum, i.e. C. burmanii, C. camphora, C.
cassia, C. iners, C. subavenium, and C. zeylanicumi;
Cryptocarya, including C. chinensis, C. costata, C.
crassinervia, C. konishii, C. laevigata, and C. strictifolia;
and Litsea, including L. cubeba, L. elliptica, L. garciae, L.
mappacea, and L. monopetala. Actually, CBG still has
another species of Cinnamomum collections (i.e. C. sintok,
C. heyneanum, C. culitlawan, C. rhynchophyllum, C.
Jjavanicum, C. porrectum, and C. eymae); Cryptocarya (C.
affinis, C. ferea, C. densilora, C. gigantocarpa, and C.
vulgaris); and Litsea (L. ferruginea, L. lanceolata, L.
grandis, L. javanica, L. tomentosa, L. cassiaefolia, L.
firma, L. oppositifolia, L. noronhae, L. umbellata, L.
deccanensis, L. insignis, L. grisea, L. castanea, L.
accendetoides, L. deccanensis, L. leefeana, L. ochraceae,
and L. diversifolia).

Considering seven species of Cinnamomum, six species
of Cryptocarya, and five species of Litsea have the potency
as anticancer with strong and moderate categories, it is
possible that other species within these families have
similar properties. However, there are no references yet
that tested the anticancer potency from these species. Shen
et al. (2014) stated that Lauraceae is a potential resource
for nontoxic compounds that activate the nuclear factor
erythroid 2-related factor 2/antioxidant response element
(Nrf2/ARE) pathway. Nrf2 plays a key role in binding with
ARE sequences then activates the transcription of many
cytoprotective genes. Nrf2/ARE pathway induction has
been recognized as strategy for blocking or slowing cancer
premalignant tumors, so-called chemoprevention as
defense mechanism (Shen et al. 2014).
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Figure 2. Plant categories based on their ICso



Table 1. Plant categories based on their cytotoxicity activities (ICso)
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Plant categories

I I 111 v
LA Acalypha wilkesiana Acacia caffra Acalypha hispida
Acacia farnesiana Achillea millefolium Acanthus montanus Achillea ptarmica
Aglaia edulis Acorus calamus Ardisia crenata Agapanthus africanus
Aglaia elliptica Aglaia angustifolia Areca vestiaria Agave attenuata

Aglaia silvestris
Artocarpus elasticus
Bauhinia strychnifolia
Buxus microphylla
Calophyllum soulattri
Cerbera manghas
Cocculus orbiculatus
Cryptocarya chinensis
Cryptocarya konishii
Cryptocarya laevigata
Dalbergia parviflora
Diospyros discolor
Erythrina abyssinica
Etlingera elatior

Ficus fistulosa

Garcinia X mangostana
Gmelina arborea
Hemerocallis fulva
Jatropha gossypiifolia
Panax ginseng
Podocarpus macrophyllus
Psidium cattleianum
Sansevieria ehrenbergii
Tacca chantrieri

Toona sinensis
Viburnum odoratissimum
Viburnum sambucinum
LB

Acacia tenuifolia
Aglaia argentea

Aglaia forbesii
Artocarpus lanceifolius
Camptotecha acuminata
Cananga odorata
Chisocheton patens
Cinnamomum cassia
Cinnamomum subavenium
Cinnamomum verum
Clausena excavata
Cryptocarya costata
Cryptomeria japonica
Dichroa febrifuga
Eriobotrya japonica
Euphorbia pulcherrima
Garcinia lateriflora
Hernandia nymphaeifolia
Hibiscus syriacus
Hypericum uralum
Macaranga tanarius
Morus alba

Ochrosia elliptica

Olea europea
Pityrogramma calomelanos
Taxus sumatrana
Ziziphus jujuba

I.C

Alstonia scholaris
Crinum zeylanicum
Dillenia philippinensis

Aglaia eximia

Aglaia odorata
Alangium chinense
Alnus japonica

Aloe ferox

Aloe vera

Alstonia angustifolia
Ardisia crispa
Artocarpus altilis
Artocarpus heterophyllus
Blechnum orientale
Buddleja davidii

Buxus papillosa
Caesalpinia gilliesii
Caesalpinia spinosa
Camellia sinensis

Catha edulis

Centella asiatica
Cestrum nocturnum
Cheilocostus speciosus
Chisocheton lasiocarpus
Cinnamomum camphora
Cinnamomum iners
Cinnamomum burmanni
Cinnamomum zeylanicum
Citrus medica
Clerodendrum trichotomum
Colletia paradoxa
Crinum x powellii
Cryptocarya crassinervia
Cupressus lusitanica
Derris elliptica
Dioscorea bulbifera
Diospyros kaki
Dodonaea viscosa
Eclipta prostrata
Elaeocarpus reticulatus
Erythrina crista-galli
Erythrina fusca
Eucalyptus microcorys
Eucalyptus robusta
Eugenia uniflora

Ficus deltoidea

Ficus drupacea
Garecinia celebica
Garecinia rostrata
Gardenia jasminoides
Gleditsia sinensis
Glochidion eriocarpum
Gnetum gnemon
Hedychium coronarium
Hibiscus rosa-sinensis
Hypericum oblongifolium
Iris halophila

Juniperus chinensis
Kalanchoe beharensis
Lantana camara

Laurus nobilis
Liquidambar formosana

Asclepias curassavica
Bauhinia variegata
Bixa orellana
Cratoxylum formosum
Cupressus sempervirens
Decaspermum fruticosum
Dracaena draco
Elaeocarpus glaber
Embelia ribes

Ficus benjamina

Ficus hirta
Ichnocarpus frutescens
Leea indica

Litsea mappacea
Mahonia fortunei
Morus nigra

Mbyrica esculenta
Oroxylum indicum
Passiflora suberosa
Phaleria macrocarpa
Pinus merkusii

Pinus yunnaennsis
Polyalthia subcordata
Rhodamnia cinerea
Rotheca serrata
Strobilanthes cernua
Syzygium polyanthum
Taraxacum campylodes
Toona ciliata

Uvaria grandiflora
Viburnum cylindricum
Yucca gloriosa

Aglaia lawii

Aglaia odoratissima
Aglaia tomentosa
Alangium javanicum
Aleurites moluccanus
Aloe arborescens
Aristolochia trilobata
Bauhinia integrifolia
Capsicum annuum
Cibotium barometz
Coccoloba uvifera
Coffea canephora
Crinum abyssinicum
Cryptocarya strictifolia
Cyperus alternifolius
Dillenia serrata
Diospyros celebica
Elaeocarpus densiflorus
Elaeocarpus petiolatus
Elaeocarpus serratus
Elaeocarpus sylvestris
Equisetum ramosissimum
Eucalyptus globulus
Eucomis comosa
Euphorbia milii

Ficus religiosa
Flemingia macrophylla
Garecinia dioica
Garcinia latissima
Gerbera jamesonii
Hemerocallis minor
Hymenocallis speciosa
Iris pseudacorus
Juniperus procumbens
Leonurus cardiaca
Lindera polyantha
Litsea elliptica

Litsea monopetala
Macaranga triloba
Mentha canadensis
Opuntia robusta
Phyllostachys edulis
Pinus parviflora
Pterocarpus indicus
Pterocarya stenoptera
Quercus acuta

Salvia splendens
Sambucus javanica
Sanguisorba minor
Shorea platyclados
Sophora tetraptera
Stephania hernandiifolia
Styrax benzoin
Ternstroemia gymnanthera
Thuja standishii
Viburnum suspensum
Yucca glauca

Ziziphus oenopolia
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Enterolobium contortisiliquum
Glochidion zeylanicum
Goniothalamus macrophyllus
Hamelia patens

Juniperus virginiana
Melastoma malabathricum
Piper aduncum

Symplocos cochinchinensis
Tabebuia hypoleuca

LD

Agave americana

Agave salmiana
Caesalpinia sappan
Callistemon citrinus

Coix lacryma-jobi

Cola acuminata

Cola nitida

Crinum macowanii

Croton argyratus
Diplazium esculentum
Eucomis autumnalis

Ficus septica

Flacourtia rukam
Garcinia dulcis

Juniperus procera

Lobelia laxiflora
Melaleuca alternifolia
Schima wallichii

Schinus terebinthifolia
Schinus weinmannifolius
Serenoa repens
Tabernaemontana macrocarpa
Thujopsis dolabrata
Tithonia diversifolia

Litsea cubeba

Litsea garciae
Macaranga rhizinoides
Marantodes pumilum
Mentha x piperita
Murraya paniculata
Musa acuminata
Moyrica rubra

Opuntia microdasys
Persea americana
Phyllanthus emblica
Phyllostachys nigra
Pinus kesiya

Pistacia chinensis
Plantago lanceolata
Platycladus orientalis
Polyalthia rumphii
Psidium guajava
Salvia farinacea
Sambucus nigra
Sandoricum koetjape
Sarcandra glabra
Shorea javanica
Smallanthus sonchifolius
Smilax zeylanica
Sophora tomentosa
Syzygium cumini
Syzygium jambos
Tecoma stans
Terminalia calamansanay
Thuja occidentalis
Toona sureni
Vaccinium varingiaefolium
Vernonia amygdalina
Vernonia arborea
Viola odorata

Yucca aloifolia

Note: Class I for plants with strong activity against cancer cell line, Class II for moderate activity, Class III for inactive and Class IV for
plants with insufficient ICso data but mentioned has anticancer compound in literature (Jabit et al. 2009, Alabsi et al. 2016)

From Leguminosae family, several genera that have
anticancer  properties  include  Acacia,  Bauhinia,
Caesalpinia, Dalbergia, Derris, Enterolobium, Erythrina,
Flemingia, Gleditsia, Pterocarpus, and Sophora. Meliaceae
has Aglaia, Chisocheton, Sandoricum, and Toona. Even
there are eleven species of Aglaia plant with anticancer
properties, making it the genus with the largest number of
species compared to the others. Several major families and
other dominant genera are Myrtaceae (Callistemon,
Eucalyptus, Eugenia, Decaspermum, Melaleuca, Psidium,
Rhodamnia, and Syzygium); Moraceae (Artocarpus, Ficus,
and Morus), Cupressaceae (Cryptomeria, Cupressus,
Juniperus, Platycladus, Thuja, and  Thujopsis);
Asparagaceae (Agave, Dracaena, Eucomis, Sansevieria,
and Yucca); and Euphorbiaceae (Euphorbia, Acalypha,
Aleurites, Croton, Jatropha, and Macaranga). Several
species of Ficus from Gunung Gede Pangrango National
Park, which is located near CBG, have been observed as
anticancer sources, such as F. laevigata, F. lepicarpa, F.
obscura, F. ribes, and F. variegata (Arbiastutie et al.
2017).

The majority of plants with anticancer potentials in
CBG were classified as having strong and moderate

cytotoxic activities (Class I and II), with proportion of 32%
and 34%, respectively. Even paclitaxel from Taxus
sumatrana is already at the commercialization stage, sold
under the brand name Taxol® since 1993 (Seca et al. 2017)
and the extract from Serenoa repens has been formulated
as Permixon®, a commercial drug for benign prostatic
hyperplasia (BPH) treatment (Habib et al. 2005; Zhou et al.
2015). Our findings suggest that plant collection in CBG
has a great potential to be further explored for natural-
based drug discovery and development, particularly for
anticancer. This is in line with the history of early
development of CBG which was aimed for the
domestication of medicinal plants, most notably was
quinine. Similar to botanical gardens in the world, such as
Kew, Singapore, Peradeniya, Calcutta, and Sidney, their
initial development was driven by the goal of
domestication of industrial and medicinal plants such as
rubber, tea, coffee, and quinine (Smith 2019).

The listed species in this study have a history of
successful isolation of pure active compounds with strong
activity against more than three model cancer cell lines
(Class I.A) which are dominated by Aglaia, Cryptocarya,
and Viburnum. The active rocaglaol compound isolated
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from various Aglaia was known to produce very high
cytotoxicity compared to the positive control paclitaxel and
camptothecin (Huspa 2009). Cryptocarya sinensis not only
actively inhibits cancer cells but also the active compound
dehydrophenanthroindolizidine contains a significant anti-
HIV activity (T.S. Wu et al. 2012). C. laevigata contains
the active compound (-) - neocaryachine which is also toxic
to multidrug-resistant sublines through the double-strand
breaks DNA induction mechanism (Suzuki et al. 2018).

Several plant secondary metabolites that have been
widely studied as anticancer compounds include
vincristine, viscotoxin, paclitaxel, camptothecin,
combrestatin, podophyllotoxin, geniposide, colchicine,
artesunate, homoharringtonine, salvicine, ellipticine,
roscovitine, maytansberine, thapsicine acid, bruceantin,
flavonols, crocetin, gingerol, lycopene, and ingenol
mebutate (Seca et al. 2017; Igbal et al. 2017; Lichota et al.
2018). Plants in CBG that contain these compounds include
Taxus sumatrana (paclitaxel), Camptotecha acuminate
(camptotechin), Juniperus procumbens and Hernandia
nymphaeifolia (podophyllotoxin), Gardenia jasminoides
(geniposide or genipin), Buddleja davidii (colchicine),
Salvia (salvicine), Ochrosia elliptica (ellipticine), Dillenia
serrata, Acacia farnesiana, and Eriobotrya japonica
(betulinic acid), Capsicum annuum (capsaicin), Thuja
occidentalis  (flavonol), and Euphorbiaceae (ingenol
mebutate). Combretum sp. at CBG as a potential source of
combretastatin, is not included yet in the database because
it is not completely taxonomically identified, while
Artemisia annua (artesunate) is not yet a CBG collection
despite the related research was initiated at CBG’s
Medicinal Thematic Garden (unpublished data). In CBG,
there are several Berberis species, however, there has been
no research on the berberine content which has the
potential as an anticancer. Unfortunately, there is no
Catharanthus roseus (formerly Vinca rosea) that its
vincristine isolate is approved for clinical purposes as
cancer treatment, Viscum album (source of viscotoxin),
Cephalotaxus (homoharringtonine), Raphanus sativus
(roscovitine), Maytenus serrata (maytansine), Thapsia
garganica (thapsigargin), Brucea antidysenterica or B.
Javanica (bruceantin), Crocus sativus or known as saffron
(crocetin), Zingiber officinale (gingerol) but another
Zingiber was found at CBG; tomatoes, watermelons, and
red carrots (lycopene). It could be a suggestion for CBG to
collect these plants.

Some plants of CBG collection contain anticancer
compounds, however, the extracts of these plants have not
been tested against cancer line. These plants include
Viburnum suspensum (contains vibsanin), Agapanthus
africanus  (isoliquiritigenin),  Hymenocallis  speciosa
(narciclasine (Iycoricidinol) and pancratistatin),
Aristolochia trilobata (lusicininal and rubraxanthone),
Garcinia latissima  (kaemferol), Achillea ptarmica
(pellitorine), Alangium javanicum (javanicides and
alangicides), Dillenia serrata (koetjapic acid and betulinic
acid), Shorea platyclados (resveratrol), Diospyros celebica
(plumbagin), Elaeocarpus petiolatus (cucurbitacin), E.
serratus (farnesol), E. sylvestris (brevifolin), Quercus
acuta  (chlorogenic acid), Pterocarya  stenoptera
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(pterocarmin A), Mentha canadensis (rosmarinic acid and
cathecin), Salvia splendens (quercetin), Phyllostachys
edulis (tricin and 7-O-methyl-tricin), Ziziphus oenopolia
(betulinic acid), Coffea canephora (kahweol, cafestol, 16-
O-methylcafestol), and Aloe ferox (aloe emodine, emodine,
aloin). It is therefore suggested to further exploration of
their anticancer activities..

Nature supply a huge number of compounds that
provide new hope for medical uses, including cancer
treatment. The trade-in plant-derived drugs generates
astonishing economic value, which is estimated of US $
100 billion at current state and still grows to US $ 5 trillion
by 2050 (Greenwell et al. 2015). However, the availability
of anticancer compounds in nature is limited and
technically difficult to be isolated, makes it difficult to
meet the demand of pharmaceutical industries. The
solubility of natural anticancer compounds, such as
paclitaxel and curcumin, is also low, makes it impractical
for human cells to absorb. In the use of natural materials to
become effective anticancer compounds, it is necessary to
modify, formulate and manufacture semisynthetic or
synthetic analogs, as well as a tissue culture approach for
the massive production of secondary metabolites
(Fridlender et al. 2015). Thanks to the advances in plant
biotechnology, pharmacology, as well as nanotechnology
that makes natural resource research for medicinal sources
accelerating (Seca et al. 2017).

On the other hand, the exploitation of plant-derived
drugs risks their existence in the wild in the long term,
therefore proper management conservation strategies to
fulfill demand for medicinal plants with the assurance of
their sustainability becomes necessity (Seca et al. 2017).
For example, Taxus sumatrana, Shorea javanica, Shorea
platyclados, and Pterocarpus indicus are classified as
endangered (EN) category of IUCN Red List. Dracaena
draco, Kalanchoe beharensis, Diospyros celebica, Aglaia
angustifolia, and Pinus merkusii are categorized as
vulnerable (VU). Whereas 7. sumatrana is a strong
category of anticancer sources, A. angustifolia, K.
beharensis, and S. javanica have moderate anticancer
properties. Instead of encouraging the massive utilization
of them, better to find other resources because there are
still many species listed here with strong anticancer
potency but excluded from threatened plants.

It should be remembered that the development of
natural-based anticancer drugs is a long, complicated,
expensive, and uncertain process to be successful. The
development of an anticancer drug is started from in vitro,
in vivo, to clinical testing and it takes a long time. It is clear
that in vitro testing is a preliminary stage only with all its
limitations.. However, there is no clinical trial without
going through the preliminary testing stages. This study is
limited by the categorization based on cytotoxicity to
particular cancer cell lines, no discussed selectivity index
among cell lines. Therefore we require further investigation
to compare its activity in normal cells as an important
aspect to be considered in drug formulation.
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