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ABSTRACT. Semambu (C. surinamense L) plant is a shrub plant that is easy to find. Several terpenoid compounds have been
isolated from this plant, previous studies have shown cytotoxic activity of terpenoid class compounds. Terpenoid compounds
in a plant are mostly found in essential oils (monoterpenes and sesquiterpenes). So far, there has been no report on the
cytotoxic potential of essential oils from the leaves of this plant. It is necessary to isolate the essential oils from C. surinamense
L leaves and test their cytotoxic potfential. Isolation of essential oil of C. surinamense L leaves was carried out by
hydrodistillation method, the oil was obtained in the form of a light yellow liquid with a specific gravity of 0.968 g/mL.
Analysis of chemical components with Gas Chromatography-Mass-Spectrometry (GC-MS) through comparison of data from
the National Institute of Standards and Technologies (NIST) found that there were 55 compounds (monoterpene and
sesquiterpene groups) with six main compounds, namely B-caryophyllene (30.4%), B-sesquiphellandrene (8.46%), 3 carene
(8.16%), a-bisabolene (4.05%), a-humulene (4.0%), and epi- bicyclosesquiphellandrene (4.0%). The potential cytotoxic test
of essential oil from isolation showed highly cytotoxic activity with the Brine Shrimp Lethality Test (BSLT) method against
Artemia salina L shrimp larvae with LCso value of 0.9261 pg/mL and Microculture tetrazolium test (MTT) method against

T47D breast cancer cells and Hela cervix with ICso values of 12.72 pg/mL and 30.14 pg/mL.
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INTRODUCTION

The high number of cancer cases and deaths
caused by cancer, it is necessary to search for drugs
derived from natural ingredients that have the
potential to be anti-cancer drugs. Data (WHO, 2020)
records that 396,914 cases of cancer occurred in
Indonesia, the highest number of cases are breast
cancer 65,858 cases (16.6%) and cervical cancer
36,633 cases (9.2%). The mortality rate caused by
breast cancer is in second place with a mortality rate
of 22,430 cases (9.6%), while cervical cancer is in third
place with a mortality rate of 21,003 cases (9.0%)
from 234,511 cases of death caused by cancer in
Indonesia (WHO, 2020).

Previous studies have reported compounds isolated
from C. surinamense L plant extracts, including
caryophyllene compounds, B-amyrin, a-amyrin,
friedelinol, trans-B-bergamotene, and quercetin 3-
glucoside (Mora, 2000). These compounds have been
reported to have cytotoxic activity, but their cytotoxic
activity has not been reported in this plant (Anburaj et
al., 2020) (Yang et al., 2017) (Lei et al., 2021). The
content of chemical components of essential oils from
various parts of this plant has also been reported,
including B-pinene, eucalyptol, citronellal, menthol,

and limonene in the leaves. B-pinene, camphene,
limonene, citronellal, and menthol in stem parts. B-
pinene, limonene, dodecanol, eucalyptol, and
geraniol in floral parts (Pérez-Amador et al., 2006).
However, there has been no report on C. surinamense
L leaves essential oil cytotoxic potential.

Several studies have reported various cytotoxic
activities shown by terpene group compounds (Lei et
al., 2021) (Wen et al., 2018) (Mirunalini et al., 2016).
Terpene group compounds in a plant are mostly found
in essential oils in the form of monoterpenes and
sesquiterpenes. For this reason, it is necessary to test
the cytotoxic potential of essential oils of C.
surinamense L leaves against T47D breast cancer cells
and Hela cervix by determining Inhibition
Concentration  (ICso). As a preliminary test, a
potential cytotoxic test was also carried out using the
Brine Shrimp Lethality Test (BSLT) method using
Artemia salina L as animals test by determining the
Lethal Concentration (LCso). Isolation of essential oils
was carried out using the hydrodistillation method,
and analysis of the chemical components of
essential oils was carried out using Chromatograpy-
Mass-Spectrometry (GC-MS) spectrometer through
comparison with National Institute of Standart and
Technologies (NIST) 14 data.
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EXPERIMENTAL SECTION
Material

The materials used in this research were fresh
leaves of C. surinamense L collected from Andalas
University campus area, Padang City, West Sumatera
Province. This sample was identified in the Andalas
University Herbarium Laboratory (ANDA)  with
specimen code 490/K-ID/ANDA/VII/2022. Than,
water, and copper(ll) sulfate anhydrous. Artemia
salina L shrimp larvae, tween 80, DMSO (dimethyl
sulfoxide), and seawater for the cytotoxic test with BSLT
method. T47D breast cancer cells and Hela cervix
(Cell Culture Laboratory, Faculty of Pharmacy and
Biomedicine, Andalas University) Roswell Park
Memorial Institute (RPMI) 1640 medium, Fetal Serum
Bovine (FBS), antibiotics (1% penicillin-streptomycin),
trypsin-EDTA, Phosphate Buffer Saline (PBS) and MTT
reagent (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl
tetrazolium bromide) for cytotoxic test using the MTT
method.

Apparatus

The equipment used in this study included: a set of
clevenger apparatus tools for isolation essential oil.
GC-MS (GC-MS-QP-2010, Shimadzu, Tokyo, Japan)
equipped with AOC-20i auto-sampler and Rix-5MS
capillary column (30 m x 0.25 mm x 0.25 um) for
analysis chemical components of essential oils. Glass
box of shrimp larvae breeding container, aerator, and
micropipette for cytotoxic with BSLT method. Flask T-
75, conical tube, eppendorf tube, serological pipette,
96-well plate, automated cell counter hemocytometer
TC-10, refrigerator, incubator 37 °C with 5% CO.,
inverted microscope (Nikon Ts2R) , centrifuge, safety
cabinet laminar airflow and Elisa reader (x-mark
mikroplate spektrofotometer bio-rad) for cytotoxic with
MTT method.

Isolation of the Essential Oil of C. surinamense L
Leaves

Fresh leaves of C. surinamense L (2.55 kg) were
hydrodistilled for = 7 hours at 100 °C using a
clevenger apparatus  (Suryati. et al., 2021). The
resulting essential oil is removed from the water
content using copper(ll) sulfate anhydrous.

Analysis of the Essential Oil of C. surinamense L Leaves

The isolated essential oil was analyzed for its
chemical components with a Gas Chromatography-
Mass-Spectrometry (GC-MS) spectrometer. Samples
were injected much as 1.00 uL with a split ratio of 1:
50 with helium as carrier gas. The column oven
temperature is set at 60 °C, the injector temperature is
230 °C, the interface temperature is 280 °C, and the
programmed temperature is 60 °C. Next, the
temperature was raised to 150 °C at a rate of 10
°C/minute, then the temperature was raised again to
250 °C at rate of 5 °C/minute. The m/z value read
from the MS is 58-500 AMU. The results of the GC-
MS analysis are in the form of spectrum data obtained

compared with the National Institute of Standart and
Technologies (NIST) data 14.

Cytotoxic Test of Essential Oils with the Brine Shrimp
Lethality Test (BSLT) Method

The cytotoxic with Brine Shrimp Lethality test (BSLT)
method refers to the work procedures carried out
(Delnavazi et al., 2018). The isolated essential oil (10
mg) was dissolved with DMSO (40 uL) and tween 80
(10 uL) and diluted with seawater to obtain various
concentrations of 10; 5; 2; 1; 0.5 ug/mL. A total of 20
Artemia salina L shrimp larvae were put into each test
solution with variations concentration (10; 5; 2; 1; 0.5
ug/mL). After 24 hours, the number of dead shrimp
larvae in each test solution was counted. The same
work is also carried out on the negative control
solution.

Cytotoxic Test of Essential Oils on T47D Breast Cancer
Cells and HelLa Cervix

The isolated essential oil was dissolved with DMSO
to obtain liquor of 1000 ug/mL. Variation of the
concentration of the test solution 100; 10; 1; 0.1
ug/mL for breast cancer cells and 100; 20; 10; 0.1
ug/mL for Hela cervical cancer cells were prepared by
diluting liquor using RPMI medium. T47D breast
cancer cells and Hela cervix were taken from storage
and grown on RPMI medium (10% fetal bovine serum
(FBS) and antibiotics (1% penicillin-streptomycin)),
incubated for 24 hours in an incubator at 37 °C, 95%
humidity and 5% CO; . Cell growth was observed
every day using an inverted microscope. Cells that
were = 80% confluent were harvested and suspended.
The cells were grown on 96-well plates and incubated
for 24 hours at 37 °C, 95% humidity, and 5% CO,
and then added 20 ulL of each test solution. The cells
were incubated again in the incubator for 48 hours at
37 °C, 95% humidity and 5% CO,. Next, the cell
medium was removed and washed with 100 ulL FBS.
MTT reagent (0.5 mg/mL) was added to each well and
incubated again for 4 hours. The MTT solution was
discarded, the formazan salt crystals formed were
dissolved with 100 uL DMSO and the absorbance was
measured at a wavelength of 550 nm using an ELISA
plate reader. The absorbance data obtained was
converted into percent cell viability and the 1Cso value
was determined using the Graph Pad Prism 9.0
software (Suryati. et al., 2021).

RESULTS AND DISCUSSION

Analysis of Essential Qils from C. surinamense L Leaves
Isolation of essential oil from 2.55 kg of C.
surinamense L fresh leaves using the hydrodistillation
method. The resulting essential oil is light yellow with
a volume of 0.91 mL and a weight of 0.881 g. The
calculated data obtained a specific gravity of 0.968
g/mL and ayield of 0.035% (w /v). The yield produced
from the essential oil of the leaves of this plant is
quite different when compared to the yield of essential
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oil from the leaves of a plant belonging to the same
genus, namely the C. leiocarpum plant with an
essential oil yield of 0.337% (Washington et al.,
2013). However, the yield of essential oil of the C.
surinamense L leaves was not much different from
Blepharocalyx salicifolius leaves  (0.045%) and
Myracrodruon urundeuva leaves (0.08%) (Costa et al.,

Rahmi Vika Ulig, et al.

2014). The results of the analysis of Gas
Chromatography Mass-Spectrometry (GC-MS) data
by comparing data from the National Institute of
Standart and Technologies (NIST) 14 database found
that there are 55 chemical components contained in
the essential oil of C. surinamense L. The results are
shown in Table 1

Table 1. The chemical components of the essential oil of C. surinamense L leaves

No RTe Compounds Molecular  Area SIP
(Minutes) formula (%) (%)
1 4.676 cis-3-Hexen-1-ol CsH120 2.51 97
2 5.715 a-Pinene CioHis 0.62 99
3 6.247 Linalyl formate CiHisO2  1.35 80
4 6.404 B-Pinene CioHi6 1.55 93
5 6.691 Limonene CioHis 0.92 94
6 7.113 3-Carene CioHis 8.16 94
7 7.238 (Z)-a-Ocimene CioHis 1.52 96
8 8.000 Linalool CioH180 0.20 90
9 8.196 1,7-Octadien-3-one, 2-methyl-6-methylene- CioHisO  0.32 85
10 8.408 B-Ocimene CioHie 0.22 89
11 9.285 Terpinen-4-ol CioHis0 0.18 97
12 9.454 Cryptone CoH1,0 0.12 93
13 9.671 Unknown Unknown  0.41 -
14 9.940 Pulegone CioHi16O 0.12 83
15 11.988  a-Cubebene CisHa4 0.18 88
16 12.418  a-Amorphene CisHas 0.55 92
17 12.538  a-Copaene CisHas 2.43 92
18 12.742  B-Cubebene CisHas 3.78 94
19 13.738 B-Caryophyllene CisHas 30.4 96
20 13.908  y-Bisabolene CisHa4 0.34 85
21 14120  a-Humulene CisHa4 4.00 93
22 14.213  Eremophylene CisHas 0.16 80
23  14.653  Epi-Bicyclosesquiphellandrene CisHa4 4.00 87
24  14.742 a-Farnesene CisHas 1.03 92
25 14.841 B-Bisabolene CisHag 1.28 90
26 15.244 B-Sesquiphellandrene CisHas 8.46 92
27 15.473 a-Bisobolene C15H24 4.05 92
28 15.757  Trans-Nerolidol Ci5H260 1.29 95
29 15915  Aromadendrene epoxide Ci5H240 0.77 81
30 16.022 Unknown Unknown  0.35 -
31 16.331 Cyclobuta[1,2:3,4]dicyclooctene CisHa4 0.63 80
32 16.614  Caryophyllene oxide Ci5H240 3.68 96
33 16.754 a-Sinensal Ci5H200 1.25 82
34 17.010  Humulene oxide Ci5H2,0 0.38 85
35 17.169 Unknown Unknown 0.25 -
36 17.265 Unknown Unknown  1.65
37 17.457 Unknown Unknown 0.15
38 17.625 Unknown Unknown 1.26
39 19.971 Unknown Unknown 0.19
40 18.075 Unknown Unknown  0.32
41 18.757 Unknown Unknown  0.20
42  18.862 Unknown Unknown 0.13 -
43 19.567  Mint Sulfide Ci5H24S 0.41 88
44  19.673 (E)-B-Farnesene epoxide Ci5H240 0.76 86
45 19.801 (E)-5-Dodecenyl acetate Ci4HcO,  0.38 90
46  20.037 1,4,9-Decatriene, 1-phenyl-, (E,E) CieHao 1.15 80
47  20.922 Hexahydrofarnesyl acetone CigH360 0.13 93
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48 22.399  Methyl palmitate Ci7H3:O2  0.10 82
49  22.900 Unknown Unknown  1.53 -
50 23.109 Palmitic Acid CigH3202,  0.13 90
51 25.851 Unknown Unknown 0.17 -
52 27.383 Unknown Unknown 1.11 -
53 28.301 (1-Methylpenta-2,4-dienyl)benzene) Ci2 Hig 1.11 80
54  28.440 Unknown Unknown  0.32 -
55 29.348 Unknown Unknown 1.35

Total 100

@ Retention time
b Similarity index

Table 2. Structure of the main compounds of the essential oil of C. surinamense L Leaves

No. RTe Compound Area SlP Structure of compound
(%) (%)
1 13.738 B-Caryophyllene 30.4 96
Beta-Caryophyllene
2 15.244 B-Sesquiphellandrene 8.46 92
Beta-Sesquiphellandrene
3 7.113 3-Carene 8.16 94
3-Carene
4 15.473 a-Bisabolene 4.05 92 7 AN
Alpha-Bisabolene
5 14.120 a-Humulene 4.0 93
Alpha-Humulene
6 14.653 Epi-Bicyclosesquiphellandrene 4.0 87

From data in Table 1, it is known that compounds
considered identical have a similarity index value of
80-99%. Compounds that have a similarity index
value below 80% are considered unknown
compounds. Chemical components of the essential oil
of C. surinamense L leaves are dominated by terpene
group compounds consisting of monoterpene
hydrocarbons (10.9%) oxygenated monoterpenes
(9.09%), sesquiterpene hydrocarbons (25.5%), and
oxygenated sesquiterpenes (10.9%), as well as other
compounds (43.6%). The most dominant compounds

in this essential oil are defined as compounds with a
percent area value = 4%, shown in Table 2.

In a previous study, (Pérez-Amador et al., 2006)
reported the chemical components of the essential oil
C. surinamense L leaves from Maxico consisting of B-
pinene (80.17%), eucalyptol (4.73%), citronellal
(0.46%), menthol (0.4%), and limonene (0.36 %). This
shows that the chemical components of essential oils
originating from Mexico are different from the
chemical components of essential oils in this paper. In
this paper, it is known that B-pinene and limonene are
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minor compounds from the essential oil of C.
surinamense L leaves, whereas in research (Pérez-
Amador et al., 2006), B-pinene is a major compound
and limonene is a minor compound.

The chemical components of essential oils in the
stems and flowers of C. surinamense L include B-
pinene (62.68%), camphene (2.72%), limonene
(0.36%), citronellal (0.49%), and menthol (0.44%) in
the stem, B-pinene (35.12%), limonene (9.69%),
dodecanol (3.02%), eucalyptol (0.83%), and geraniol
(0.59%) in leaf parts (Pérez-Amador et al., 2006). This
also shows that, as a whole, the plant parts of C.

Table 3. Compounds that have cytotoxic activity.

Rahmi Vika Ulig, et al.

surinamense L originating from Mexico have chemical
components that are different from the chemical
components of C. surinamense L leaves plant in this
paper. This difference is because the chemical
components in a plant are affected by environmental
conditions where it grows such as temperature, CO,,
lighting, ozone, altitude, groundwater, salinity, soil
fertility, as well as several other factors that have a
significant significant impact on the physiological
response of plants so as to produce different chemical
compound components (Almas et al., 2019)(Pant et
al., 2021)(Suryati, et al., 2022).

No Compound Cancer cells line ICs0o Literature
1 a-Pinene Cervical cancer Hela, liver - (Xioo-su et al., 2022),
cancer BEL-7402, breast cancer (Chen et al., 2015),
MDA-MB-231 (Kang et al., 2016),
2  B-Pinene Breast cancer MCF-7, - (Sobral et al., 2014)
skin cancer A375, liver cancer
HepG2, and lung cancer A-549
3 Limonene Cervical cancer Hela, - (Ramteke et al., 2021),
Breast cancer (Miller et al., 2013)
4 Linalool Leukemia cancer U937, cervical  2.59 uM (Chang et al., 2015),
cancer Hela, and breast cancer  11.02 uM (Chang & Shen, 2014)
T47D 224 uM
5  B-Ocimene Fibrosarcoma cancer S180 - (Bowen et al., 2005)
6  Terpinen-4-ol Lung cancer A549 - (Lin et al., 2012)
7  a-Copaene Neuroblastoma cancer N2a-NB - (Turkez et al., 2014)
8  B-Caryophyllene Lung cancer A549 and H1299, - (Lei et al., 2021),
breast cancer T47D, cervical (Legault &  Pichette,
cancer Hela 160 uM 3.86 2007),
ug/mL (Mboge et al., 2019),
(Kubo et al., 1996)
y-Bisabolene Neuroblastoma cancer TE67 1 - (Jou et al., 2016)
10  a-Humulene Liver cancer HepG2, breast 11.2 ug/mL (Chen et al., 2019),
cancer MCF-7 81.9 ug/mL (Pratama et al., 2022)
11 B-Bisabolene Breast cancer MCF-7, MDA-MB-  66.91 ug/mL (Yeo et al., 2016),
23 98.39 pg/mL (Fidyt et al., 2016)
12 B- Bone marrow plasma cancer - (Tyagi et al., 2015)
Sesquiphellandr U266, colon cancer HCT116,
ene lung cancer A549
13  a-Bisabolene Glioblastoma cancer U87 - (Cavalieri et al., 2004)
14 Trans-Nerolidol Breast cancer MDA-MB-231, 41 pg/ml, 35  (Hanusovd et al., 2017)
MCF-7 pg/mL
15 Caryophyllene Liver cancer HepG2, gastric 3.95 UM, 12.6 (Junetal., 2011),
oxide cancer AGS, cervical cancer UM, 13.55 uM, (Hanu3ové et al., 2017)
Hela, Breast cancer MCF-7, 24 ug/mlL, 69
MDA-MB-231 pg/mL
18 Essential oil C. surinamense L (B-Pinene, a-Pinene, 12.72 pug/mL In this research
Limonene, Linalool, B-Caryophyllene, B-
Bisabolene, a-Humulene, Trans-nerolidol, and
Caryophyllene oxide (Breast cancer)
19  Essential oil C. surinamense L (a-pinene, limonene, 30.14 pg/mL In this research

linalool, B-caryophyllene, and caryophyllene oxide)

(Cervical cancer)
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The content of the main compounds in essential
oils plays an important role in determining their
bioactivity, but the presence of minor compounds can
also contribute to determining the bioactivity. Several
compounds that have been reported to have cytotoxic
activity are shown in Table 3. These compounds were
also found as chemical components in the essential ol
of C. surinamense L leaves.

From the data in Table 3, it can be seen that several
compounds that have cytotoxic activity come from
various plants. These compounds were also found as
chemical components in the essential oil of C.
surinamense L leaves. So from the data in Table 3, it
is known that 15 chemical components contained in
the oils of C. surinamense L leaves plant are
compounds with cytotoxic activity. Four of the six main
plant compounds, namely B-caryophyllene, B-
sesquiphellandrene, a-bisabolene, and a-humulene,
are also compounds that have been reported to have
cytotoxic potential.

Cytotoxicity of Essential Oils by Brine Shrimp Lethality
Test (BSLT) Method

This test was carried out as a preliminary test for
cytotoxic potential by determining the LCso value. The
LCso value is determined based on the percent
mortality of the Artemia salina L shrimp larvae. The
mortality rate of shrimp larvae will vary according to
the variation in concentration, this is because the
greater the concentration, the greater the amount of
active compound composition contained in the test
solution. The results of the toxicity test are shown in
Figure 1.

From the results of determining the LCso value, it is
known that the essential oil of C. surinamense L leaves
has an LCso value of 0.9261 pug /mL and is
categorized as highly toxic. This category refers to the
type of toxicity level of a compound, highly toxic if it
has an LCso value of 0-100 pg/mL, moderately toxic

5.6
5.5
5.4
5.3
5.2

5.1

Probit value

5
4.9
4.8

4.7
-0.4 -0.2 0 0.2

has an LCsg value of 100-500 ug/mL and not toxic if
it has an LCso value > 1000 pg/mL (Hamidi et al.,
2014). This data indicates that the essential oil of the
leaves of this plant needs further cytotoxic testing of
T47D breast cancer cells and Hela cervix.

The chemical components contained therein are
the factors that influence the toxicity of the essential ol
of C. surinamense L leaves. From the data in Table 1
it is known that the essential oil of C. surinamense L
leaves plant is dominated by the terpene group, many
terpene group compounds have been reported to
have toxicity (Prakash, 2018). It can also be seen from
the data in Table 2 that the composition of the
essential oil of C. surinamense L leaves is mainly
dominated by cytotoxic compounds.

The action of terpene compounds in inhibiting the
growth of shrimp larvae is by inhibiting taste receptors
so that the larvae cannot get a taste stimulus to eat
which causes the larvae to die. This is also related to
the anatomical structure of the simple Artemia salina
L. shrimp larvae consisting of a layer of skin, mouth,
antennae, and digestive tract so that toxic compounds
that enter the body of shrimp larvae are easily
absorbed through the cell membrane and distributed
throughout the body, as a result of which the metabolic
system of these shrimp larvae is damaged quickly and
detected within 24 hours (Nuwa et al., 2022)

Cytotoxic of Essential Oils Against T47D Breast Cancer
Cells and HelLa Cervix

The potential cytotoxic test of essential oils isolated
using the MTT method was used to determine cell
viability from the reduction of tetrazolium salts to
formazan crystals by the enzyme succinate
dehydrogenase (Ismaryani et al., 2018). The results of
measuring the absorbance of the essential oil of C.
surinamense L leaves at various concentrations are
shown in Figure 2.

y =0.5254x + 5.0175

R?=0.9877

0.4 0.6 0.8 1 1.2

Log Concentration

Figure 1. Log concentration and probit value in cytotoxic test with BSLT method
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Figure 2. MTT test absorbance value of essential oil against T47D breast cancer cells (a) cervical Hela (b).
Positive control : medium + cells, Negative control : medium
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Figure 3. Relationship between variations of essential oil concentration, positive control, and negative control
with % viability in T47D cancer cells (a) Relationship between variations of essential oil concentration, positive
control, and negative control with % viability in HeLa cancer cells (b) Log concentration of essential oils with %
viability in T47D cancer cells (c) Log concentration of essential oils with % viability in HeLa cancer cells (d)

Figure 2 shows that the greater the concentration,
the smaller the absorbance obtained. This is because
the increasing concentration of the test sample, the
higher the death rate of cells. So that the succinate
dehydrogenase enzyme produced to reduce
tetrazolium salt to formazan crystals will be less. Thus,
the resulting absorbance will also be smaller. From
Figure 2, it is also known that the positive control used
has the greatest absorbance, this is because the
formazan crystals formed are also the most. The

negative control has the smallest absorbance because
there are no cells in the negative control, so formazan
crystals are also not formed and the absorbance is
smaller.

The percent viability value can provide information
on cells that survive after exposure to a test sample.
The higher the % viability, the greater the number of
surviving cells. From Figure 3, it can be seen that there
is a correlation between % viability and variations in
essential oil concentrations. % cell viability decreases
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with increasing concentration, and this indicates that
cell growth will be increasingly inhibited as the
concentration of the test sample increases. From
Figure 3 (3a and 3b), it can also be seen that the
positive control has a percent cell viability of 100%,
this indicates that all cells are alive. This is because the
positive control, there are only cells without a test
sample, so in the positive control, the cells do not die.
The negative control has a percent cell viability of 0%,
indicating that there are no living cells. This is because
there are no cells in the negative control, so the cells
are considered dead. At the highest concentration of
the test sample (100 ug/mL), the test sample yielded
cell viability of up to 8%. This indicates that cell growth
is almost completely inhibited. Meanwhile, at the
lowest concentration of the test sample (0.1 ug/mlL),
the percentage of cell viability reached 85%. This
indicates that the test sample also began inhibiting cell
growth at this concentration.

The cytotoxic activity test with the MTT method was
carried out by determining the 1Cso value. This value is
used to determine the concentration needed to inhibit
cell proliferation by 50%. This value is determined
from the percentage of cell viability obtained. From the
determination of the ICso value, it is known that the
essential oil of C. surinamense L leaves has an 1Cso
value of 12.72 ug/mL and is categorized as highly
cytotoxic to T47D breast cancer cells and moderately
cytotoxic to Hela cervical cancer cells with an 1Csg
value of 30.14 ug/mL. As for the division of cytotoxic
categories, it is based on the National Cancer Institute
(NCI), a compound is very highly cytotoxic if ICso < 20
ug/mL, moderate cytotoxic 1Cso 21-200 pug/mlL, weak
cytotoxic ICs0 201-500 pg/mL and not cytotoxic ICso >
501 pg/mL. A compound can potentially be an
anticancer drug if the compound has an ICso value <
100 pg/mL (Sajjadi et al., 2015). Thus it can be
implied that the essential oil of C. surinamense L
leaves has the potential to be an anticancer drug.

The cytotoxic activity of the essential oil of C.
surinamense L leaves is influenced by the chemical
components contained in it. Most of the chemical
components contained in the essential oil of C.
surinamense L leaves consist of compounds that have
cytotoxic activity against cancer cells (Table 2), of the
15 compounds that have cytotoxic activity, 9 of them
are compounds that have cytotoxic activity against
breast cancer cells (Table 3). Two of the nine
compounds reported to have anticancer activity
against breast cancer cells are compounds that have
anticancer activity against T47D breast cancer cells,
namely B-caryophyllene and linalool compounds. As
for cytotoxic activity against HeLa cervical cancer cells,
five of the fifteen compounds reported to have
cytotoxic activity are compounds that have cytotoxic
activity against Hela cervical cancer cells, namely a-
pinene, limonene, linalool,  B-caryophyllene,
caryophyllene oxide. The presence of these
compounds can affect the cytotoxic ability of essential

oil of C. surinamense L leaves against T47D breast
cancer cells and cervix HeLa. The main compound that
has a larger composition can also contribute more to
its cytotoxic activity, B-caryophyllene is the main
compound that has cytotoxic activity against T47D
breast cancer cells as well as Hela cervical cancer
cells.

The mechanism of B-caryophyllene compounds to
inhibit the growth of cancer cells is to change the main
pathways of cancer cell development, such as
mitogen-activated protein kinase (MAPK), PI3K / AKT
/ mTOR / S6K1 and STAT3. Besides, this compound
can also reduce the expression of pro-cancer
genes/proteins, as well as suppress the proliferation of
cancer cells. Thus, the growth of cancer cells can be
inhibited (Fidyt et al., 2016).

This cytotoxic activity is also affected due to the
lipophilic nature and low molecular weight of the
chemical components of essential oils so that these
chemical components can easily enter the cell
membrane, thereby changing the composition and
fluidity of the membrane. These changes cause
leakage of ions and cytoplasmic molecules, as well as
reduced ATP production and loss of mitochondrial
function, causing cell death. In addition, essential oils
also act as pro-oxidants which can cause oxidation-
reduction reactions in cells which can also interfere
with the viability of cells. This cytotoxic property is also
due to the complex interaction of various classes of
compounds in essential oils, such as phenols,
aldehydes, ketones, alcohols, esters, ethers, and
hydrocarbons (Sharifi-Rad et al., 2017).

The 15 compounds that have cytotoxic activity, two
compounds in the isolated essential oil have cytotoxic
activity against T47D breast cancer cells and Hela
cervix, namely linalool and B-caryophyllene (Chang &
Shen, 2014) (Mboge et al., 2019) (Legault & Pichette,
2007).

CONCLUSIONS

Essential oil isolated from C. surinamense L leaves
has 55 chemical compound components with six main
compounds being B-caryophyllene (30.4%), B-
sesquiphellandrene (8.46 %), 3-carene (8.16%), a-
bisabolene (4.05 %), a-humulene (4.00 %) and epi-
Bicyclosesquiphellandrene (4.0 %). This  plant
essential oil has highly cytotoxic potential with an LCso
value of 0.9261 pg/mlL against Artemia salina L
shrimp larvae and ICso 12.72 pg/mlL against breast
cancer cells T47D and 1Cs030.14 ug/mL against Hela
cervical cancer cells.
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