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ARTICLE INFO ABSTRACT

Sterculia quadrifida has been empirically used as a traditional plant for medicinal purposes. The
objective of this research is to isolate secondary metabolites present in the seeds of S. quadrifida.
Extracts of S. quadrifida seeds were prepared using 80% methanol, and then separated into various
fractions using liquid-liquid partition with solvents such as n-hexane, chloroform, ethyl acetate,
n-butanol, and an insoluble n-butanol fraction. Preparative HPLC was used to purify the
compounds, and their structures were identified through spectroscopic analyses. One
Copyright: © 2023 Rollando et al. This is an open-  phenylpropanoid compound, (2E,4E)-1,5-diphenylpenta-2,4-dien-1-one, was isolated from the
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Introduction

Sterculia quadrifida is a tree native to Southeast Asia and Australia.* It
is commonly known as the Chinese star anise or wu wei zi. The tree can
grow up to 20 meters tall and has large, glossy leaves with small,
greenish-yellow flowers that bloom in spring.? Its fruits are woody
capsules containing four to six seeds surrounded by a fleshy, reddish-
brown aril with a sweet and sour flavour.® The tree has a long history of
use in traditional Chinese medicine, where its fruits and seeds have been
used to treat various ailments, including cough, asthma, and digestive
disorders. It is also a flavouring agent in foods and beverages and in
several traditional Chinese medicine preparations. The tree's wood is
used for carving and making furniture, and its bark is used to make
paper.*

S. quadrifida seeds contain various compounds, including flavonoids,
alkaloids, terpenoids, and steroids.® Several studies have identified and
isolated bioactive compounds from S. quadrifida seeds, such as
sterculic acid, cycloart-25-ene-34,24-diol, sterculinaldehyde, stigmast-
5-en-3-ol, and p-sitosterol.® These compounds have demonstrated
various biological activities, including anti-inflammatory, antidiabetic,
antioxidant, and cytotoxic properties. Moreover, recent studies have
shown that S. quadrifida seeds contain potent cytotoxic compounds,
which have the potential to inhibit the growth of cancer cells. For
example, a study conducted by Rukayadi et al.” identified a novel
cytotoxic compound, namely 3,3',5,5'-tetramethoxybiphenyl-2,2'-diol,
from the methanol extract of S. quadrifida seeds. The compound
exhibited cytotoxic activity against various cancer cell lines, including
human breast adenocarcinoma (MCF-7), human colon adenocarcinoma
(HT-29), and human lung adenocarcinoma (A549) cells.
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Materials and methods

General

A JEOL JNM-ECZR 500 MHz instrument was used to collect 1D and
2D NMR data, with DMSO as the internal standard. The IR spectra
were recorded using a Jasco FT/IR-6800 type A instrument. LC-
MS/MS data was obtained from a Shimadzu LCMS-8045. The
compound was isolated using a Sykam S 723 HPLC Preparative system
with an ACE®-C18 column (10x250 mm) at a flow rate of 1.5 mL/min.
TLC was performed on a precoated silica gel 60 Fzs4 (Merck) plate,
which was then analyzed under UV light. Acetonitrile, methanol, n-
butanol, chloroform, ethyl acetate, and n-hexane of Merck and HPLC
grades were used as solvents.

Plant material

In January 2023, S. quadrifida plant samples were collected from
Kupang City, East Nusa Tenggara, Indonesia. The plant samples were
authenticated by botanist Dr Budi Sumatra, and a voucher specimen
(FA:032-MACHUNG-2023) was deposited in the Pharmacognosy
Laboratory of the Department of Pharmacy at Ma Chung University.

Extraction and isolation

To extract the compounds from the S. quadrifida seeds, 5.50 kg of the
seed powder was macerated in 20 L of 80% methanol. After removal of
solvent, 893.93 g of crude extract was obtained. The extract was then
dissolved in 80% methanol and separated into fractions by solvent-
solvent extraction using n-hexane, ethyl acetate, chloroform, and n-
butanol. The fractions were screened for cytotoxic activity using the
bioassay-guided isolation method. It was found that the chloroform
fraction was the most potent. Further purification of the chloroform
fraction (250 g) was carried out using Preparative HPLC with a flow
rate of 1.0 mL/min and 2000 psi, using a mixture of MeOH and ACN
in a ratio of 90:10. This resulted in the separation of 10 compounds,
with fraction 1 (20.98 mg) being the most abundant. Fraction 1 was
selected for chemical structure determination and further tested for its
cytotoxic activity.®

In vitro cytotoxicity assay
Four different types of cancer cells (4T1, MCF7, MDA-MB-435,
T47D) and normal Vero cells were grown in culture media containing
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various ingredients. Then, the cells were placed in an incubator with
controlled temperature, humidity, and CO2 levels. After 24 hours, a
small number of cells were placed in each well of a 96-well plate along
with different concentrations of the isolated compound dissolved in a
solution used for the assay.® The plate was incubated again for 24
hours.?® After incubation, the cells were washed with a solution and a
reagent was added to each well. The plate was then incubated again, and
finally, the absorbance was measured using a microplate reader. The
data was used to calculate the concentration of the compound needed to
reduce the viability of the cells by 50% (ICso).1! The viability of the cells
was calculated as a percentage using a formula:

— Asampel — Amedium
YoCell viability = Acontrol — Amediumxloo%

Acontral IS the absorbance of the non-treated cells, Amedium is the
absorbance of medium, and Asampie is the absorbance of the samples at
595 nm.

Statistical analysis
Statistical analysis was performed by linear regression method using
Microsoft Excel software.

Results and Discussion

Isolation and characterisation

The compound exists as a yellow powder with a weight of 24.4 mg.
Analysis using a UV/Vis spectrophotometer revealed a maximum
absorbance at a wavelength of 334 nm, indicating the presence of a
diphenylpentadienone group.'? The compound has a molecular formula
of C17H140 with a molecular weight of 234.29 (M+H*= 235.20 m/z;
M+Na*= 257.00 m/z) (Figure 1).

The infrared spectrum analysis of the compound revealed two sharp
bands with weak intensity at wave numbers of 3052.76 and 3025.76 cm™
!, indicating the presence of benzene groups. The sharp and strong
absorption vibration at a wave number of 1648.84 cm™ indicated the
presence of a carbonyl group. Additionally, a sharp vibration with
strong intensity at a wave number of 1588.09 cm indicated the
presence of a double bond carbon from an aromatic compound.®®
Furthermore, two sharp vibrations with strong intensity at wave
numbers 848.525 and 757.888 cm indicated the presence of C-H
bending bonds (Figure 2).

The results of the *H-NMR spectrum analysis for compound indicate
the presence of sp? methine groups outside the benzene ring at 51 7.366
(2H, d, J=16.5 Hz, H-2 and H-4) and 8w 7.805 (2H, d, J=16.5 Hz, H-3
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and H-5).(14) In addition, sp? methine groups are part of the benzene
ring at 8w 7.461 (1H, m, H-2', H-6', H-2", and H-6"), dn 7.789 (1H, m,
H-4'and H-4"), and 8w 7.810 (1H, m, H-3', H-5', H-3" and H-5") (Table
1). It can be concluded that the compound has fourteen protons, all of
which consist of methine protons (Figure 3).

The results of the *C-NMR spectrum analysis (Figure 4), DEPT 135
(Table 1), and HSQC (Table 1) for the compound indicate the presence
of seventeen carbon atoms in eight signals. There is one carbon atom
signal from the carbonyl group at ¢ 188.539 (C-1), two signals from
sp? methine carbon atoms of the conjugated double bond outside the
benzene group at dc 125.677 (C-2 and C-4) and 6¢c 142.792 (C-3 and C-
5).(15) Then, there are two signals from sp? quaternary carbon atoms at
8c 134.534 (C-1'and C-1") and three signals from sp? methine carbon
atoms that are part of the benzene group at dc 128.567 (C-4' and 4"),
128.989 (C-3', C-5', C-3", and C-5"), and 130.534 (C-2', C-6', C-2", and
C-6").1G

COSY and HMBC analyses were performed to verify the proposed
structure (Figure 5). The COSY analysis observed correlations between
the protons H2-H3-H4, H-2'-H3', H5'-H6', H2"-H3", and H5"-H6",
supporting the presence of a benzene structure and an o,-unsaturated
carbonyl (Table 1).
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Figure 1: Mass spectrometry with Q1 scan mode (E+) of
compound
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Figure 2: FT-IR spectrum of compound
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Figure 4: 3C-NMR spectrum of compound (§ 120 — 200) (125 MHz)

The HMBC analysis showed correlations between the signal of the sp?
methine proton at on 7.366 (H-2 and H-4) and the carbon atoms at 6¢
188.539 (C-1) and &c 134.719 (C-1' and C-1"), indicating the location
of the o,B-unsaturated carbonyl and conjugated double bonds at
positions C-1, C-2, C-3, C-4, and C-5.17 The correlations between the
signal of the sp? methine proton at & 7.461 (H-2', H-6', H-2", and H-
6") and the carbon atoms at 8¢ 134.719 (C-1'and C-1"), &¢c 128.989 (C-
3"and C-3"), 8¢ 128.557 (C-4' and C-4"), and 8¢ 128.989 (C-5'and C-
5") indicated the presence of two benzene rings, each attached to C-1'
and C-1" (Table 1).18

The relative stereochemistry of the compound's structure was
determined using NOESY analysis (Table 1 and Figure 6). The
correlation between protons in space consists of a correlation between
protons on the same side (alpha) and a correlation between protons on
opposite sides (beta).!® The analysis showed a correlation between
protons at dn 7.366 (H-2/H-4) and protons at 6n 7.805 (H-3/H-5) with

an alpha orientation. This indicates that H-2/H-4 protons are oriented
alpha, and H-3/H-5 protons are oriented beta. In addition, there is a
correlation between protons at dn 7.461 (H-2/H-6'/H-2"/H-6") to
protons at dn 7.789 (H-2/H-4) with a beta orientation, indicating that H-
2'/H-6'/H-2"/H-6" protons are oriented beta and H-2/H-4 protons are
oriented alpha (Figure 6). From the process of determining information
in the structure elucidation, it can be concluded that the compound is
named (2E,4E)-1,5-diphenylpenta-2,4-dien-1-one (Figure 5).

In vitro cytotoxicity assay

The study results revealed that the tested compound exhibited notable
activity against breast cancer cell lines. Specifically, the compound
exhibited the strongest inhibitory activity against 4T1 cells, with an 1Cso
value of 229 pg/mL. Additionally, the isolated compound
demonstrated inhibition of MCF-7, T47D and MDA-MB-435 cells with
I1Cso values 0f 9.93, 12.12, and 18.09 pg/mL, respectively. Furthermore,
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the selectivity index of the tested compound indicated that it exhibited
Sl values of 21.11, 2.67, 2.67, and 3.98 against 4T1, MCF-7, MDA-
MB-435, and T47D breast cancer cell lines, respectively (Table 2).
The compound belongs to the group of phenylpropanoid compounds
with a six-carbon, aromatic phenyl group and a three-carbon propene
tail of coumaric acid. Phenylpropanoid compounds are produced from
the shikimate pathway with the precursor of L-phenylalanine/L-
tyrosine.?® Several studies have shown phenylpropanoid compounds
have anticancer activity through the induction of apoptosis. Hematpoor
et al.® found two phenylpropanoid compounds, asaricin, and
isoasarone, isolated from the roots of Piper sarmentosum that had
cytotoxic activity against breast cancer cells of the MDA-MB-231 type.
Both compounds can induce apoptosis by inhibiting the expression of
the antiapoptotic protein Bcl-2 and inducing the proapoptotic protein
Bax. Furthermore, Qi et al.?? discovered four new phenylpropanoid
compounds isolated from Leptopus lolonum, namely 34-O-(trans-p-
coumaroyl)-norlupane-174,20-diol, 34-O-(trans-p-coumaroyl)-lupane-
20,28-diol, 3p-O-(trans-p-coumaroyl)-20-ol-betulinic acid, and 24-O-
(trans-p-feruloyl)-3p-hydroxyl-olean-12-en-28-oic  acid. The four
compounds inhibited the growth of MCF-7 breast cancer cells by
inducing apoptosis through the mitogen-activated protein kinase
(MAPK) and Ak strain transforming (Akt) pathways.? Additionally,
1'S-1"-acetoxyeugenol acetate, isolated from the rhizome of Alpinia
conchigera Griff, inhibited the growth of MCF-7 breast cancer cells by
inducing apoptosis through the mechanism of inhibiting the expression
of Bcl-2 protein and inducing Bax protein.?*

Phenylpropanoid compound, which has been found to inhibit breast
cancer cell migration in several studies. Researchers from China, Tian
et al.?®, reported that valtrate compound from Valeriana jatamansi plant
could inhibit the migration of MDA-MB-231 breast cancer cells by
inhibiting the expression of matrix metalloproteinase-2/9 (MMP2) and
MMP9 through the downregulation of p-Akt (Ser 473), cyclin B1, and
caspase 8, and upregulation of p21, p-cdc2, cleaved-caspase 3, cleaved-
caspase 7, and poly (ADP-ribose) polymerase (PARP).?6 Moreover, Vo
et al.>” have isolated phenylpropanoid glycoside compounds, baimaside
and isoverbascoside, from Staurogyne concinnula plant, which have
been shown to inhibit the expression of MMP2 and MMP9.

ISSN 2616-0684 (Print)
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Furthermore, they have also isolated new phenylpropanoid compounds,
(7S,8R)-1-(1-ethoxy-2-hydroxypropyl)-2-methoxy-3,4-
(methylenedioxy)benzene, (7S,8S)-1-(1-ethoxy-2-hydroxypropyl)-2-
methoxy-3,4-(methylenedioxy)benzene, and (7S,8R)-1-(1-methoxy-2-
hydroxypropyl)-2-methoxy-3,4-(methylenedioxy)benzene from
Chloranthus anhuiensis plant, which have been shown to inhibit the
expression of MMP9.

Conclusion

Conclusion

S. quadrifida is traditionally used as a medicinal plant, particularly its
seeds, and therefore, bioassay-guided fractionation was employed to
isolate its bioactive constituents. The structural elucidation of the
isolated compound revealed its identity as (2E,4E)-1,5-diphenylpenta-
2,4-dien-1-one, which belongs to the phenylpropanoid class of
compounds. This compound exhibits anticancer properties.

Figure 5: Correlation of COSY (mmmm ) and HMBC (- ) of
compound

Table 1: *H-NMR (500 MHz), *C-NMR (125 MHz), DEPT 135, COSY, HSQC, HMBC, NOESY spectrum data

Position _ oc (Multiplicity)  DEPT 135 oy (ZH, Multiplicity, J=Hz) __ COSY _ HSQC _ HMBC NOESY
1 188.539 () B B : - : :

2 125.677 (d) 125.677 7.366 (1H, d, 16.5) H-3 c-2 C-1,C-17 H-3
3 142.792 (s) 142.792 7.805 (1H, d, 16.5) H-2 c-3 - H-2
4 125.677 (d) 125.677 7.366 (1H, d, 16.5) H-3 c-4 C-1,C-1° H-3
5 142.792 (s) 142.792 7.805 (1H, d, 16.5) H-4 c-5 - H-4
ik 134.719 (s) - - - - - -

2 130.534 () 130.534 7.461 (1H, m) H3 - C-1',C-3 C-4,C-5  H-4
3 128.989 () 128.989 7.810 (1H, m) H2  C3  C1,C4,C-5 -

4 128.577 (s) 128,577 7.789 (1H, m) - ca - -

5 128.989 () 128.989 7.810 (1H, m) H-6  C5  C1°,C-3,C4 -

6 130.534 () 130.534 7.461 (1H, m) H-5 - C-1',C-3,C-4,C-5  H-4
1 134.719 (s) - - - - - -
27 130.534 (s) 130.534 7.461 (1H, m) H-3” - C-17,C-3”,C-47,C-5"  H-2
3” 128.989 () 128.989 7.810 (1H, m) H-2”  C3”  C-17,C47,C-5” -
47 128577 (s) 128577 7.789 (1H, m) - c4” - -

5 128.989 () 128.989 7.810 (1H, m) H-6> C-5”  C1”,C-3",C4” -

6 130.534 () 130.534 7.461 (1H, m) H-5" - C-17,C-37,C-47,C-5"  H-2
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Figure 6: Correlation NOESY of compound

Table 2: Cytotoxic activity of compound
Cells Lines ICso (ug/mL)  Selectivity Index
4T1 2.29 21.11
MDA-MB-435 18.09 2.67
T47D 12.12 3.98
MCEF-7 9.93 4.87
Vero 48.34 -
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