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essential oil

Essential oils, a volatile mixture derived from plants, have shown a wide biological activity,
and have been used as ancient remedies for the treatment of various diseases. The
objective of this study was to investigate the chemical composition and cytotoxicity of the
essential oil obtained from Garcinia urophylla leaves collected from Malaysia. Eighteen
components were identified using gas chromatography-flame ionisation detection (GC-
FID) and gas chromatography/mass spectrometry (GC-MS), which represent 99.9% of
the essential oil. The major components were (3-caryophyllene (56.2%), a-humulene
(26.3%), and a-gurjunene (6.3%). The cytotoxicity of essential oil was evaluated using
an MTT assay. The essential oil exhibited cytotoxicity against three cancer cell lines
which are HepG2, MCF7, and A549 with the IC50 values of 71.5, 56.2, and 68.5 Lg/
mL, respectively. To the best of our knowledge, this is the first report on the essential
oil composition obtained from Garcinia urophylla, which may have implications on the
pharmaceutical and therapeutic applications of Garcinia genus essential oils.
Keywords: Essential oil; Garcinia urophylla; 3-caryophyllene; cytotoxicity

1. INTRODUCTION

Essential oils have been widely studied as anticancer drugs in recent years.
They are secondary metabolites with a key role in plant protection, consisting
primarily of terpenes with a volatile nature and a diverse array of chemical
structures. Essential oils exhibit a wide range of bioactivities, most notably
antibacterial, antifungal, and antioxidant properties and have long been uti-
lised for treating various human ailments and diseases [1-5]. In recent years,
essential oils have been introduced as alternatives to the well-known side
effects caused by synthetic chemotherapeutic drugs. In addition, chemical
compounds from plants have been reported to prevent carcinogenic pro-
cesses by cell arrest, induce both inner and outer apoptosis pathways, inhibit
the mutagen in cells, and reduce oxidative stress in cells [6]. Therefore, the
cytotoxicity of essential oils against different cell lines is necessary.

Clusiaceae are a tropical family mainly composed of latex with about 40 gen-
era. In Malaysia, four genera and 121 species of the Clusiaceae are found
namely, Garcinia (49 sp.), Calophyllum (45 sp.), Mesua (23 sp.) and Mammea
(4 sp.) in different habitats [7]. Garcinia is an economically important genus
of Clusiaceae consisting of about 400 species within palaeotropical regions
concentrated mainly in Southeast Asia and secondarily in India and West Af-
rica. Species of this genus are typically small to medium dioecious evergreen
fruit trees, occasionally shrubs, usually with hard timber and abundant latex.
The fruits, latex (gum and resin), timber, leaves, and roots of several species
are of economic and medicinal value [8]. The major classes of biomolecules
reported to be present in these plants include xanthones, benzophenones,
flavonoids, phloroglucinols, fatty acids, and terpenoids [9]. Additionally, im-
portant pharmacological properties such as antioxidant, anticancer, anti-di-
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abetic, anti-inflammatory, cardioprotective, neuropro-
tective, antimicrobial, and hepatoprotective activities
along with the toxicological studies of the Garcinia
have been documented [10].

G. urophylla, locally known as ‘kandis hutan’ in Ma-
laysia, which are native to Peninsular Malaysia, Thai-
land, and India. It is a shrub and grows primarily in
the wet tropical biome. The fruits are traditionally
used to treat stomach-ache and the leaves are used
to treat fever [11]. Previously, the stem extract of G.
urophylla was found active against human tumour
cell lines, representing tumours of the breast (MCF-
7), lung (NCI-H460) and prostate (DU-145) with IC,,
values of 8.0, 37.0, and 32.0 ug/mL, respective-
ly [12]. Meanwhile, the leaf extract of G. urophyl-
la showed a strong nitric oxide inhibitory activity in
RAW 264.7 macrophage cell line with IC,, value 22.0
ug/mL [12]. Another study revealed the isolation of
xanthones in the phytochemical investigation of G.
urophylla leaves [13].

As part of a systematic evaluation of Malaysian Gar-
cinia species [14-17], we present the chemical com-
position and cytotoxicity of the essential oil extracted
from the leaves of G. urophylla. Literature searches
have revealed no reports on the composition of leaf
oil in this species.

2. MATERIALS AND METHODS

2.1 PLANT MATERIAL

The samples of G. urophylla were collected from
Fraser Hill, Pahang (January 2023) and were identi-
fied by Shamsul Khamis from Universiti Kebangsaan
(UKM). The voucher specimen (SA30-39) was depos-
ited at Herbarium of UKM.

2.2 ISOLATION OF ESSENTIAL OIL

The fresh leaves of G. urophylla (400 g) were subject-
ed to hydro distillation for 4 hours in a Clevenger-type
apparatus. The obtained essential oil was dried over
anhydrous magnesium sulphate and stored at 4-6°C.

2.3 ANALYSIS OF ESSENTIAL OIL

Gas chromatography-flame ionisation detection (GC-
FID) analysis was performed on a Hewlett Packard
6890 series Il A gas chromatograph equipped with
HP-5 column (30 m x 0.25 mm x 0.25 pm film thick-
ness). Helium was used as a carrier gas at a flow rate
of 0.7 mL/min. Injector and detector temperatures
were set at 250 and 280°C, respectively. The oven
temperature was kept at 50°C, then gradually in-
creased to 280°C at 5°C/min rate and finally held iso-
thermally for 15 min. Diluted samples (1.0 pL, 1/100
v/v in diethyl ether) were injected manually (split ratio
50:1). Injection was repeated three times and peak
area percentages were reported as means +SD of
triplicate. Peak area percentages were calculated
from flame ionisation detection (FID) using GC HP
Chemstation software (Agilent Technologies).

Gas chromatography-mass spectrometry (GC-MS)
chromatograms were recorded using a gas chroma-
tograph Hewlett Packard Model 5890A and a Hewlett
Packard Model 5989A mass spectrometer. The GC
was equipped with HP-5 column. Helium was used
as the carrier gas at a flow rate of 1 mL/min. The in-
jector temperature was 250°C. The oven temperature
was programmed from 50°C (5 min hold) to 250°C at
10°C/min and finally held isothermally for 15 min. For
GC-MS detection, an electron ionization system with
an ionisation energy of 70 eV was used. A scan rate
of 0.5 s (cycle time: 0.2 s) was applied, covering a
mass range from 50-400 amu.

2.4 IDENTIFICATION OF ESSENTIAL OIL
COMPONENTS

The essential oil components were identified by
co-injection with standards (major components:
B-caryophyllene, a-humulene, and a-gurjunene) and
their comparison with reported retention indices and
mass spectra found in Adams, NIST 08 and FFN-
SC2 libraries [18]. Semi-quantification of essential oil
components was made by peak area normalisation
considering the same response factor for all volatile
components.

2.5 CYTOTOXICITY

Cytotoxic examination of the essential oil was carried
out using the MTT assay [19]. Briefly, the cells were
diluted in a 96-well microplate (5 x 10* cells per well
of 200 pL mixture). The samples (1-100 pg/mL) and
the positive control, doxorubicin (0.05-1.56 pg/mL),
were added to the cells and incubated at 37°C for
48 h with 5% CO,. MTT (20 pL) was added to the
wells and incubation was continued at 37°C for 4
h. Absorbance was recorded at 540/720 nm using
a Spark multimode reader (Tecan). Each experiment
was repeated in triplicate. The inhibitory percentage
(%) = [1 = OD,,/OD,,.J] x 100%; where OD, .
and OD_,,, were the optical densities of the samples
and the control, respectively. Data obtained from the
cytotoxicity are expressed as mean values. Statisti-
cal analyses were carried out by employing one-way
ANOVA (p > 0.05). A statistical package (SPSS ver-
sion 11.0) was used for the data analysis.

3. RESULTS AND DISCUSSION

Hydrodistillation by fresh G. urophylla leaf produced
(w/w) 0.29% of essential oil. A summary of the chem-
ical components identified in the essential oil is shown
in Table I. GC and GC-MS analysis (Figure 1) of the
essential oil successfully revealed the existence of 18
chemical components, representing 99.9% of the to-
tal essential oil composition. Sesquiterpene hydrocar-
bons were the most dominant group in the essential
oil components, accounting for 96.1% of the total
composition, respectively. The essential oil composi-
tion was demonstrated by its richness in 3-caryophyl-
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Table | - Chemical components identified from Garcinia urophylla essential oil

No Components Kl Kib Percentage (%) Identification®
1 0-Pinene 934 935 0.2 RI, MS
2 0-Cymene 1022 1020 04 RI, MS
3 y-Terpinene 1052 1055 0.2 RI, MS
4 Terpinen-4-ol 1169 1166 1.9 RI, MS
5 a-Copaene 1374 1372 0.8 RI, MS
6 B-Elemene 1389 1390 0.6 RI, MS
7 a-Gurjunene 1405 1405 6.3 RI, MS, Std
8 B-Caryophyllene 1420 1420 56.2 RI, MS, Std
9 a-Humulene 1436 1435 26.3 RI, MS, Std
10 Alloaromadendrene 1460 1462 2.2 RI, MS
11 y-Gurjunene 1470 1470 0.7 RI, MS
12 a-Selinene 1490 1491 0.6 RI, MS
13 Viridiflorene 1505 1504 1.0 RI, MS
14 (E,E)-0-Farnesene 1505 1506 0.3 RI, MS
15 6-Cadinene 1524 1522 1.1 RI, MS
16 Palustrol 1567 1565 0.3 RI, MS
17 Caryophyllene oxide 1582 1580 0.5 RI, MS
18 neo-Intermedeol 1658 1658 0.3 RI, MS
Monoterpene hydrocarbons 0.8
Oxygenated monoterpenes 1.9
Sesquiterpene hydrocarbons 96.1
Oxygenated sesquiterpenes 1.1
Total identified 99.9

RI: based on comparison of calculated RI with those reported in Adams

MS: based on comparison with Wiley, Adams, FFNSC2, and NIST08 MS databases

Std: based on comparison with standard compounds

aLinear retention index experimentally determined using homologous series of C6-C30 alkanes
bLinear retention index taken from Adams, Wiley or NIST08 and literature
¢ Quantification was done by the external standard method using calibration curves generated by running GC analysis of representative

authentic compounds.

lene (56.2%), a-humulene (26.3%), and a-gurjunene
(6.3%).

In comparison to the previous studies, B-caryophyl-
lene has also been reported as a major component
in Malaysian Garcinia species such as from the leaf
oils of G. nigrolineata (25.2%) [20], G. gummi-gutta
(63.82%) [21], and G. celebica (5.85%) [22]. In addi-
tion, Indian Garcinia species were also reported the
high content of (3-caryophyllene which are from the

leaf oil of G. morella (69.6%), G. assamica (31.0%),
G. lanceifolia (15.9%), G. xanthochymus (15.7%),
G. pedunculata (9.8%), G. dulcis (9.2%) [23], G. im-
berti (38.1%), G. rubro-echinata (37.9%), G. talbotii
(80.4%), G. wightii (19.0%), G. indica (18.6%), and
G. pushpangadaniana (11.4%) [24]. Furthermore, it
was also reported from G. quaesita (Sri Lanka: leaf
il 8.7%), G. zeylanica (Sri Lanka: leaf oil 12.9%) [25],
G. huillensis (Zimbabwe: fruit oil 12.6%) [26], and G.
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Table Il - Cytotoxicity of Garcinia urophylla essential oil

. ICs0 value (ug/mL)
Celllines Essential oil | Doxorubicin
Human liver cancer HepG2 71.5 0.76
Human breast cancer MCF7 56.2 0.20
Human lung carcinoma cancer A549 68.5 0.95

mangostana (Nigeria: leaf oil 17.3%, stem-bark oil
21.1%) [27]. These subtle differences in the chemical
components may be attributed to the differences in
environmental and genetic factors, chemotype, and
nutritional status of the plants, which may influence
their oil composition [28].

B-Caryophyllene is found in numerous edible plants
that are ingested daily, and it is approved as a food
additive by the Food and Drug Administration. This
compound can change the inflammatory processes
in humans through the endocannabinoid system [29].
Furthermore, this compound could increase the in-
tracellular accumulation of anticancer agents, thereby
potentiating their cytotoxicity due to the absorption of
5-fluorouracil across human skin. 3-Caryophyllene fa-
cilitates the passage of paclitaxel through membranes
and thus potentiates its anticancer activity [30].
Following a similar line of thought, the essential ol
was subjected to a preliminary test to verify the cy-
totoxicity effect using the MTT assay. The results are
shown in Table Il. Doxorubicin remarkably inhibited
the growth of the studied cancer cell lines with lower
ICg, values compared to the essential oil. The best
inhibitory result of the essential oil with IC,, value of
56.2 pg/mL reported against the MCF7 cell line. The
cytotoxicity of the essential oil may be attributed to
the presence of the major component in the sample.
Previous studies have revealed that sesquiterpe-
nes exhibited cytotoxic effects in several cancer cell
lines [31]. Previously, 3-caryophyllene was reported
to show cytotoxicity on breast carcinoma cells [32].
Besides, the treatment of B-caryophyllene alone with
human tumour cell lines has stimulated apoptosis
and suppressed tumour growth [30]. Furthermore,
in studies on G. atroviridis [33] and G. celebica [22]
essential oils, the high content of sesquiterpenes
was found in the leaf oil and exhibited potent cyto-
toxicity on human breast cancer cells. According to
the results, the potent cytotoxicity of G. urophylla
essential oil could be due to the major occurrence of
sesquiterpenes, which accounted for 96.1% of the
total oil.

4. CONCLUSION

Essential oils from aromatic plants are recognised as
a perfect source of food additives and pharmaceuti-
cals. This study of G. urophylla essential oil has re-
vealed the existence of sesquiterpene hydrocarbons
as the main component of the group, dominated
by B-caryophyllene, a-humulene, and a-gurjunene.

The essential oil also revealed a significant cytotox-
ic effect, mainly against MCF7 MCF-7 human breast
cancer cell line with IC,, value 56.2 yg/mL. Hence,
the species could be a source of natural products for
further research into the development of chemopre-
ventive or cosmetic agents.
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