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Abstract

The objective of this present work is to identify the Phytochemical com-
pounds by using GC-MS technique and its anticancer activity using PANC 
1, BxPC-3, and HepG2 cell lines. In , 8 photo-
chemical compounds and 10 compounds are from Smilax chinensis. These 
compounds are found to have significant anticancer activity against the 
selected cell lines and might be due to the presence of Hexadecanoic acid, 
Octadecenoic acid, and Cinnamic acid.
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Introduction

Pancreatic cancer is the leading cause of cancer death 
worldwide and its global burden has more than doubled 
over the past 25 years. The regions with the highest inci-
dence of pancreatic cancer include North America, Europe 
and Australia, and although much of this increase is due 
to the aging of the global population, there are key mod-
ifiable risk factors for pancreatic cancer such as cigarette 
smoking, obesity, diabetes and alcohol intake [1]. GLOB-
OCAN 2018 estimated that pancreatic cancer ranked as the 
11th most common cancer worldwide in 2018 with 458,918 
new cases and caused 432,242 deaths (4.5% of all cancer 
deaths) [2]. Despite advances in the knowledge of potential 
risk factors that cause pancreatic cancer and newly avail-
able tools for early diagnosis, its incidence is estimated to 
increase to include 355,317 new cases by 2040. Pancreatic 
cancer survival rates are influenced by several factors, such 
as age, sex, type of cancer, staging at diagnosis, tumor size, 
serum albumin level, treatments, differences and avail-
ability of health care systems, and other factors including 
overall health and lifestyle. Because pancreatic adenocarci-
noma and other less common exocrine cancers are usually 
diagnosed at stage III or IV, it has a very poor prognosis 
compared to PanNET, and even in cases that cannot be 
treated surgically, the 5-year survival is 16% [3].

With conventional treatment, including surgical therapy 
and chemotherapy, the mortality rate is still high. There-
fore, the possibility of using natural products for pancre-
atic cancer increases with plants that have mechanisms of 
anti-cancer effects such as apoptosis, anti-metastasis, an-
ti-angiogenesis and anti-resistance [4]. Many plant isolates 
have been reported to have anticancer activity against pan-
creatic cell lines and preclinical models. Recent research 
on various forms of cancer, including pancreatic cancer, 
revealed that herbal medicines and natural products (HM/
NPs) isolated from plants could provide additional strate-
gies for monotherapy or combination therapy, gingerol and 
shagaol (Red); thymoquinone (cumin), essential oil (holy 
basil); parthenolide (fever); Escin (horse chestnut) [5,6]. 
Therefore, this study is designed to identify the active phy-
tochemicals present in Syzygium alternifolium and Smilax 
chinensis and later screen for in vitro anticancer activity 
using selected cell lines.

Materials and MethodsAnalysis of plant extracts by 
GC-MS

GC-MS analysis was carried out by using Trace GC ul-
tra-gas chromatograph connected to a Quantum XLS 
mass spectrometer (Thermo Scientific, FL, USA). GC 
was equipped with TG-5MS capillary column (30 m × 
0.25 mm i.d. × 0.25 µm film thickness) consisting of a 
stationary phase of 5% phenyl and 95% methyl polysi-
loxane. Samples were dissolved in methanol and 1 µl of 
selected plant extract was injected into CT splitless mode 
at an injector temperature of 260°C. The flow rate of the 
carrier gas (helium) was 1 mL/min. The oven temperature 
was programmed from 110°C (isothermal for 2 minutes), 
with an increase of 10°C/min to 200°C, then 5°C/min to 
280°C, ending with a 9 minute isothermal at 280°C. Mass 
spectra were taken at 70 eV; a scan interval of 0.5 s and 
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fragments from 45 Da to 450 Da. The solvent delay was 
0 minutes to 2 minutes, and the total GC/MS running time 
was 50 minutes. Interpretation on mass-spectrum GC-MS 
was conducted using the database of the National Institute 
of Standards and Technology (NIST). The spectrum of the 
unknown components was compared with the spectrum of 
known components stored in the NIST library. The name, 
molecular weight, and structure of the components of the 
test materials were identified.

MTT assay

The anticancer activity of the compounds was determined 
using an MTT assay [7,8]. 1 × 104 cells/well were seeded 
in 100 µl DMEM/MEM, supplemented with 10% FBS in 
each well of 96-well microculture plates, and incubated for 
24 h at 37°C in a CO2 incubator. After incubation, all the 
prepared/synthesized compounds were added to the cells 
at 1 µg, 10 µg, 50 µg, and 100 µg concentrations for 48 h. 
After 48 h of drug treatment, 10 µl MTT (3-(4, 5-dimeth-
ylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide) (5 mg/
mL) was added to each well and the plates were further 
incubated for 4 h. Then the supernatant from each well was 
carefully removed, formazan crystals were dissolved in 
100 µl of DMSO and absorbance at 570 nm wavelength 
was recorded.

Results and Discussion 

Phytochemicals are useful in the treatment of certain dis-
orders by their individual, additive, or synergic actions to 
improve health. Phytochemicals are vital in the pharmaceu-
tical industry for developing new drugs and preparing ther-
apeutic agents. The development of new drugs starts with 
the identification of active principles from natural sources. 
The screening of plant extracts is a new approach to finding 
therapeutically active compounds in various plant species 
[9,10].

The medicinal power of traditional plant species lies in 

phytochemical components that cause definite pharmaco-
logical action in the human body. Based on their metabo-
lism activity in the plant, phytochemicals components are 
generally can be mainly divided into two groups, which 
are primary which has mainly sugars, amino acids, chlo-
rophyll, and proteins, and secondary constituents while 
secondary constituents consist of alkaloids, flavonoids, sa-
ponins, tannins, phenolic compounds and many more [11]. 
As proposed by WHO, the primary health care of most 
population of developing countries depend on traditional 
medicines and mostly natural plant products [12]. Phyto-
chemical screening not only helps to reveal the constituents 
of the plant extracts and the ones that predominate over the 
others but also helps search for bioactive agents that can be 
used in the synthesis of useful drugs [13].

In the last few years, Gas Chromatography-Mass Spec-
trometry (GC-MS) has become firmly established as a key 
technological platform for secondary metabolite profiling 
in both plant and non-plant species [14]. The present study 
was conducted for GCMS analysis of Syzygium alternifoli-
um and Smilax chinensis.

The possible compounds detected from the extract of Syz-
ygium alternifolium via GC-MS analysis are presented in 
Table 1, with the respective chromatograms entered in Fig-
ure 1. The compounds were detected and identified by their 
fragmentation pattern and in conjunction with the NIST 
library. Analyses of GC-MS chromatogram showed the 
presence of 8 peaks which indicate 8 major phytochem-
ical constituents with the highest concentrations. Accord-
ing the data revealed the presence of the following com-
pounds: 3-Cyclopentene-1-acetaldehyde, 2,2,3-trimethyl; 
1H-4-Azacycloprop[cd]indeoctahedron-4-methylthyl-; 
1,2-Benzenedicarboxylic acid, butyl octyl ester; Benzene, 
(3-met3-methyl cyclopentyl-Hydroxy-beta-[carboxymeth-
yl]cinnamic acid; Octanal, 2-phenyl methylene)-; Hexane-
dioic acid, bis(2-ethylhexyl) ester; 2-Cyclohexen-1-one, 
4-(3-hydroxy-1-butenyl)-3,5,5-trimethyl-.

Table 1: The active principles in the Syzygium alternifolium extract with their Retention Time (RT), molecular formula, and Molecular Weight (MW)

S.No RT Name of the compound Molecular formula Molecular weight Structure

1 13.99 3-Cyclopentene-1-acetaldehyde, 2,2,3-trimethyl C10H16O 152.2334 1

2 23.67 1H-4-Azacycloprop[cd]indene, octahydro-4-methyl- C9H15N 137.2 2

3 24.14 1,2-Benzenedicarboxylic acid, butyl octyl ester C20H30O4 334.4498 3

4 24.52 Benzene, (3-methylcyclopentyl)- C12H16 160.2554 4

5 26.56 p-Hydroxy-beta-[carboxymethyl]-cinnamic acid; C12H14O4 222.24 5

6 30.08 Octanal, 2-(phenyl methylene)- C15H20O 216.3187 6

7 42.13 Hexanedioic acid, bis(2-ethylhexyl) ester C22H42O4 370.5665 7

8 42.82 2-Cyclohexen-1-one, 4-(3-hydroxy-1-butenyl)-
3,5,5trimethyl- C13H20O2 208.297 8

The possible compounds detected from an extract of Smi-
lax chinensis are presented in Figure 2. The compounds 
detected are identified by their fragmentation pattern and 
in conjunction with the NIST library. Analyses of GC-MS 
chromatogram showed the presence of 10 peaks which 
indicate 10 major phytochemical constituents with the 
highest concentrations. According the data revealed the 

presence of the following compounds-p-Hydroxy-be-
ta-[carboxymethyl]-cinnamic acid; Phenol, 2,5-bis(1,1-di-
methyl ethyl)-; p-Hydroxy-beta-[carboxymethyl]-cinnam-
ic acid; Octanal, 2-(phenyl methylene)-; Dibutyl phthalate; 
Hexadecanoic acid, ethyl ester; 9-Octadecenoic acid (Z)-, 
methyl ester; Ethyl Oleate; Hexanedioic acid, mono(2-eth-
ylhexyl)ester; γ-Sitosterol (Table 2).
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Figure 1: Identification of bioactive compounds in the extract of Syzygi-
um alternifolium by GC-MS Figure 2: Identification of bioactive compounds in the extract of Smilax 

chinensis by GC-MS

Table 2: The active principles in the Smilax chinensis extract with their Retention Time (RT), molecular formula, and Molecular Weight (MW)

S. No RT Name of the compound Molecular formula Molecular weight Structure

1 24.49 p-Hydroxy-beta-[carboxymethyl]-cinnamic 
acid; C12H14O4 222.24 1

2 24.58 Phenol, 2,5-bis(1,1-dimethyl ethyl)- C14H22O 206.3239 2

3 26.56 p-Hydroxy-beta-[carboxymethyl]-cinnamic 
acid; C12H14O4 222.24 3

4 30.09 Octanal, 2-(phenyl methylene)- C15H20O 216.3187 4

5 34.37 Dibutyl phthalate C16H22O4 278.34 5

6 35.13 Hexadecanoic acid, ethyl ester C18H36O2 284.4772 6

7 37.13 9-Octadecenoic acid (Z)-, methyl ester C19H36O2 296.4879 7

8 38.33 Ethyl Oleate C20H38O2 310.51 8

9 42.13 Hexanedioic acid, mono(2-ethylhexyl)ester C22H42O4 370.5665 9

10 47.72 γ-Sitosterol C29H50O 414.7067 10

The Hexadecanoic acid has antioxidant, 5-alpha-reductase 
inhibitor, anti-fibrinolytic, hemolytic, antimicrobial activ-
ity, hypocholesterolemic nematicide, pesticide, antiandro-
genic flavor, and hemolytic properties [10]. Octadeceno-
ic acid has antioxidant activity and is in the treatment of 
stroke, acute neurologic disorder, respiratory failure, and 
anemia treatment [15]. Studies have reported that cinnamic 
acid exhibit antioxidant, antimicrobial, anticancer, neuro-
protective, anti-inflammatory, and anti-diabetic properties 
[16,17]. Cinnamic acid terminates radical chain reactions 
by donating electrons that react with radicals forming sta-
ble products [18]. The Octanal is an aromatic aldehyde, 
with antioxidant and antimicrobial activities. Octanal 
shows cytotoxicity against Hela cells [19]. Both the select-
ed plant materials were found to have potent phytochem-
icals reported to have many pharmacological properties.

Pancreatic Adenocarcinoma (PA) is an aggressive disease 
that develops in a relatively symptom-free manner and is 
usually advanced at the time of diagnosis. As is common in 
epithelial tumors, carcinogenesis develops through the ac-
cumulation of mutations and genetic lesions leading to the 
activation of oncogenes and the inactivation of tumor sup-
pressor genes. Since multiple combinations of mutations 
can lead to the development of PA disease sub-classes may 
present different survival strategies requiring multiple tar-
geted intervention strategies [20]. A thorough understand-
ing of the specific cellular and molecular mechanisms of 
PA development and progression is required to identify 

early detection strategies, preventative measures, and ef-
fective interventions. Approximately 10% of pancreatic 
cancer patients have a family history of cancer; individu-
als with mutations in KRAS, TP53, GNAS, SMAD4, CD-
KN2A, RNF43, ARID1A, and KMT2C may be at higher 
risk. The CFPAC-1, BxPC-3, AsPC-1, PANC-1, and MIA 
PaCa-2 cell lines were used to screen the anticancer prop-
erties of drug conjugates to treat pancreatic cancer [21]. 
Liver metastasis is a common feature of pancreatic ade-
nocarcinomas. More than 50% of patients with pancreatic 
cancer have liver metastases at the time of diagnosis which 
is associated with a poor prognosis. For patients with re-
sectable disease, surgery is the treatment of choice, and it 
has been moderately effective, with 5-year survival rates 
ranging from 20% to 25% and the commonly used human 
liver cancer cell lines such as HepG2 [22] (Figures 3-5).
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Figure 3: Anticancer activity of (% inhibition) of PANC-1 cell lines
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Figure 4: Anticancer activity of (% inhibition) of BxPC-3 cell lines treat-
ed
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Figure 5: Anticancer activity of (% inhibition) of HepG2 cell lines treated

Both in vitro and in vivo experimentation involving cancer 
cell lines remains a convenient starting point for discov-
ery and proof-of-concept studies. The study was extended 
to evaluate the in vitro anticancer activity of Syzygium al-
ternifolium and Smilax chinensis by employing MTT assay 
in PANC 1, BxPC-3, and HepG2 cell lines representing 
both pancreatic and hepatic carcinomas (Tables 3-5).
Table 3: Anticancer activity of (% inhibition) of PANC-1 cell lines

Concentra-
tions (µg)

Syzygium 
alternifolium

Smilax chin-
ensis Doxorubicin

1 4.86 ± 1.53 1.88 ± 0.34 42.29 ± 2.16

10 20.78 ± 1.77 13.73 ± 2.88 55.53 ± 4.20

50 56.38 ± 1.96 34.31 ± 2.08 91.51 ± 0.27

100 76.41 ± 3.44 56.06 ± 1.64 95.19 ± 1.26

IC50 55.072 85.45 1.48

Table 4: Anticancer activity of (% inhibition) of BxPC-3 cell lines treated

Concentra-
tions (µg)

Syzygium 
alternifolium

Smilax chin-
ensis Doxorubicin

1 15.91 ± 0.34 8.27 ± 0.09 27.99 ± 1.27

10 36.48 ± 1.16 15.09 ± 1.26 45.69 ± 1.64

50 61.87 ± 1.49 38.35 ± 0.66 70.20 ± 0.47

100 74.06 ± 0.76 65.60 ± 0.29 89.98 ± 0.50

IC50 45.67 72.08 25.82

Table 5: Anticancer activity of (% inhibition) of HepG2 cell lines treated

Concentra-
tions (µg)

Syzygium 
alternifolium

Smilax chin-
ensis Doxorubicin

1 14.50 ± 2.23 7.70 ± 0.69 31.77 ± 0.26

10 38.66 ± 0.54 28.43 ± 0.82 43.47 ± 1.09

50 59.21 ± 1.09 50.48 ± 1.12 71.38 ± 0.59

100 82.38 ± 0.98 73.56 ± 0.67 88.43 ± 0.30

IC50 42.42 56.62 24.58

The treatment with Alcoholic Fruit extract of Syzygium 
Alternifolium (AFSA), Alcoholic leaf extract of Smilax 
Chinensis (ALSC), and doxorubicin showed inhibition of 
cancer cells in different cell line models. The order of po-
tency of an inhibitory concentration of PANC 1, BxPC-3, 
and HepG2 cell lines was Doxorubucin>Syzygium alterni-
folium>Smilax chinensis. The activity might be due to the 
presence of active phytochemicals such as Hexadecanoic 
acid, Octadecenoic acid, and Cinnamic acid present in the 
AFSA and ALSC. Anticancer activities of cinnamic acid 
derivatives were reported by induction of apoptosis by ir-
reversible DNA damage leading to cell death, and S-phase 
arrest. Apoptosis induction was exerted by the extract via 
alteration in mitochondrial membrane potential. The cyto-
toxic and genotoxic potential of cinnamic acid was found 
to be against the human melanoma cell line (HT-144) 
and human melanocyte cell line derived from blue nevus 
(NGM); also, against MTT assay on human cervical HeLa, 
ovarian SKOV-3, and breast MCF-7 cancer cell lines; oral 
squamous cell carcinoma (SCC25 ATCC CRL1628 cell 
lines), Human colorectal adenocarcinoma (LoVo, ATCC® 
CCL-229TM), human ovary adenocarcinoma (SkOV-3, 
ATCC® HTB-77TM), human lung non-small cell carcino-
ma (A549, ATCC® CCL-185TM), human mammary ade-
nocarcinoma (MCF-7, ATCC® HTB-22TM), human pan-
creatic adenocarcinoma (AsPC-1, ATCC® CRL-1682TM) 
and human hepatocellular carcinoma (HepG-2, ATCC® 
HB-8065TM) cell lines with newly designed cinnamic acid 
hydrazides [23-26]. The Hexadecanoic acid acts as a poten-
tial cell growth inhibitor and cells were inhibited in the G0/
G1 phase; Hexadecanoic acid isolated from the Prunella 
vulgaris reported for HepG2, HT29, A549, MKN45, and 
HeLa cancer cell lines; against human colorectal carcinoma 
(HCT-116) cells; the anticancer actions as IC50 against hu-
man colorectal adenocarcinoma (Caco-2), mammary can-
cer cells (MCF-7), and human cervical carcinoma (HeLa) 
cells; MCF-7 (human breast cancer), HT-29 (human colon 
cancer), PC-3 and DU-145 (human prostate cancer) and 
CoN (human colon epithelial cells CCD 841) [27-31].

Conclusion 

The reported phytochemicals namely Hexadecanoic acid, 
Octadecenoic acid, and Cinnamic acid present in the AFSA 
and ALSC were found to have in vitro anticancer activi-
ty against the PANC 1, BxPC-3, and HepG2 significantly. 
Hence, the study is planning to extend to identify the in 
vivo anticancer activity of Syzygium alternifolium (AFSA), 
an Alcoholic Leaf extract of Smilax chinensis (ALSC) us-
ing suitable animal models of pancreatic cancer.
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