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Rhizophora apiculata, considered a traditional medicinal plant for its various pharmacological effects, is found on
the southern coast of Lampung. However, the ethnopharmacology of R. apiculata, belonging to Rhizophoraceae,
has not been widely reported. Therefore, the root bark of R. apiculata was collected to study its chemical content

and pharmacological activity. Then, to investigate the structure-bioactivity relationship, three integrated phytosterol
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mixtures were tested for cytotoxic effects. The structures of all phytosterol compounds are clearly elucidated by
the spectroscopic data. All phytosterols were examined for their cytotoxicity against three cancer cell lines: HelLa,
MCF-7, and A549. Among these isolates, phytosterols with alkene units (C-22 and C-23) and 24-ethylsterol showed
increased cytotoxicity in cancer cells, demonstrating the importance of the aliphatic sterol moiety. Furthermore, this

1nFegrated phytost.erol investigation presented attractive phytosterols and their important cytotoxic activities and then suggested that the

mixtures, cytotoxic, cancer . . .

cell integrated phytosterol mixtures can be developed to modulate the lead compound for anticancer agents.
INTRODUCTION several potential bioactivities such as antioxidant, antibacterial,

Phytosterols are important constituents that strengthen
the plant’s biological cell membranes (Ayaz et al., 2019).
Phytosterols have been reported to have more than 250 different
compounds that are isolated from various plants (Bolanos-Carrillo
et al., 2015). Since phytosterols are not synthesized in the animal
or human body, they must be obtained from the food of the
plant derivate. The main dietary sources of these compounds are
cereals, vegetable oils, nuts, fruits, and other vegetables (Gylling
and Simonen, 2015). Phytosterols have been reported to have
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antidiabetic, lipid-lowering, and anticancer effects (Ferlay
et al., 2010; Jones and Abumweis, 2009; Misawa et al., 2012;
Ramprasath and Awad, 2015). Phytosterols have been shown to
have important low-density lipoproteins (LDL) reducing abilities
and thus have the potential to be developed as a future drug
(Salehi et al., 2021). Phytosterol clinical studies have reported
that these compounds significantly reduce LDL levels without
any prominent side effects (Zhang et al., 2020). Consumption
of dietary phytosterols can provide protection and reduction of
the risk of cancer by 20% (Shahzad er al., 2017). Furthermore,
experimental evidence proposes that phytosterols are helpful for
treating some cancers, such as breast, lung, colon, and cervix
cancers (Miras-Moreno et al., 2016).

The plant cell membranes are naturally occurring of
phytosterols. The phytosterol structure similar to the animal sterol,
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both sterols have a steroid main structure and a hydroxyl group at
C-3.

The important variation between phytosterol and
cholesterol is the side chain, while phytosterols have different
substitutions at C-24 compared to cholesterol. (Moreau et al.,
2018). However, the main difference between phytosterols and
cholesterol is the side chain at C-17; phytosterols have different
substitutions at C-24 compared to cholesterol (Shahzad et al.,
2017). Campesterol, stigmasterol, and f-sitosterol are the most
common phytosterols, and ergosterols are less abundantly found
in plants (Miras-Moreno et al., 2016). Our previous study reported
that phytosterols are the main secondary metabolites isolated from
R. apiculata’s root bark (Kurniawan et al., 2021). Rhizophora
apiculata, known as bakau minyak in Coastal South Lampung
(Dwiputra et al., 2020), is used as a traditional local medicine to
treat several diseases, such as asthma, scabies, and rheumatism
(Patra and Thatoi, 2011; Sachithanandam et al., 2019; Wu et al.,
2008). Bakau minyak is used to treat genital warts by the people of
South Lampung. The roots are dried and powdered, coconut oil is
added, and then the mixture is applied to the warts (Kurniawan et
al.,2021). This plant has tannin-rich and high-density wood, which
is mainly used for manufacturing and creating charcoal (Getzner
and Islam, 2020). The root bark of bakau minyak has a tolerance to
high-salt seawater content. Phytosterols are related to the defense
response of plants to various types of stress, both abiotic and
biotic tension (Miras-Moreno et al., 2016). The root bark of bakau
minyak directly interacts with seawater, which is mainly reported
to accommodate steroids and tannin content, representing that
it has important sources of phytosterols (Dwiputra et al., 2019;
Kurniawan et al., 2021).

Rhizophora apiculata has an important role in traditional
medicine in many tropical countries, such as Indonesia, but studies
investigating the bioactivity of this plant scientifically may be
limited. Therefore, this study aimed to investigate the cytotoxic
activity of bioactive phytosterols from the root bark of R. apiculata.
Three phytosterols have been isolated by extensive chromatographic
techniques. Herein, isolation, structure elucidation, and cytotoxic
evaluation by the [3-(4,5-dimethyl-thiazol-2-yl)-2,5-diphenyl
tetrazolium bromide] (MTT) method against the lung, breast, and
cervix cancer cell lines of these phytosterols are presented.

MATERIALS AND METHODS

General procedures

Extraction of the samples was carried out using
maceration by methanol. The extract was concentrated by rotary
evaporation (Heidolph). Chromatographic columns were initiated
with silica gel 7734 (0.063—0.2 mm) and Sephadex presented from
Merck. Thin-layer chromatography was carried out on PF , plates,
and the spots were monitored using UV light (366 and 254 nm) and
by interacting with staining vapor. *C and 'H NMR spectra were
determined on a Brucker spectrometer 500 MHz in acetone-d, and
using tetramethyl silane as the zero-point standard. infrared (IR)
spectra were recorded on a PerkinElmer FTIR. The MS spectra
were obtained using the MS HP 5973 model configurated with
JEOL JMS AX-500.

Plant samples

The root barks of R. apiculata were collected in
August 2021 in the Lampung Sea Culture Fisheries Center
(South Lampung, Indonesia), latitude: —5.527850327554739,

longitude: 105.24841361893142. The herbarium specimen is
stored at Herbarium Bogoriense, Bogor, under Specimen Code
IT.IS.507389.

Isolation of compounds

The dried powder (610 g) from the root barks of R.
apiculata was macerated using 1.5 1 MeOH four times at 30°C
under treated pressure to get a crude extract (41.0 g) of the
methanolic extract. The extractions were carried out for about 72
hours to remove the solvent in a rotary evaporator at a temperature
of 40°C. The methanol extract was partitioned in 400 ml (three
times) of each solvent to yield an 8.8 g hexane fraction, a 12.7 g
ethyl acetate fraction, and a 4.6 g acetone fraction. 10 g of the ethyl
acetate fraction was chromatographed using a silica gel column,
eluted with a solvent gradient by increasing polarity (using 1 1
of hexane and ethyl acetate and 300 ml of methanol), giving 32
fractions. Fractions 8—11 (754 mg) were rechromatographed using
Sephadex LH-20 and eluted using methanol: chloroform (1:1,
v:v) (using 350 ml of both solvents). Of the 29 fractions obtained,
fractions 7-10 were purified on a Sephadex LH-20 column to
obtain 14.1 mg of compound (1) and 10.5 mg of compound (2).
Fractions 18-24 (143.2 mg) were chromatographed over a silica
gel column yielding 14 fractions. Fraction 8—10 provided 6.7 mg
of compound (3). Fraction 14, presented by recrystallization using
methanol, gave compound (1) (12.8 mg).

Preparation of phytosterols

The phytosterols from the root bark of R. apiculata were
dissolved using dimethyl sulfoxide (DMSO) to prepare a 4 mg/ml
sample solution stock. The sample solution stock was presented in
96-well plates (Falcon, USA) to a final nontoxic DMSO solution
concentration of about 0.1%.

Culturing of cancer cell lines

The cytotoxic activity assay of the phytosterols from
the root bark of R. apiculata was carried out against three human
cell lines: human cervix epithelioid [HeLa, European Collection
of Authenticated Cell Culture (ECACC) 93021013], human
Caucasian breast adenocarcinoma (MCF7, ECACC 86012803),
and human Caucasian lung carcinoma (A549 ECACC 86012804).
The cells were cultured following the standard protocol by the
ECACC procedures: cells were grown in Dulbecco’s Modified
Eagle Media (DMEM, Sigma) supplemented with 10% fetal
bovine serum (Sigma) and 1x antimycotic solution (Sigma) and
stored at 37°C with 5% CO, in an incubator (95% humidity).
The cells were under 80%—-90% confluent, the old medium was
disposed of, the cultures were washed using phosphate-buffered
saline (PBS, pH 7.4, Sigma), and the trypsinized cultures were
treated with 0.05% Trypsin-Ethylenediaminetetraacetic acid
(Gibco, USA), and cells were passaged using a new fresh DMEM
medium. Cell confluences were presented by the standard trypan
blue exclusion method using a 0.4% Trypan Blue Solution (Gibco,
USA). Cells were cultured in 100 pl aliquots onto 96-well plates
using a final cell confluence of 1 x 10* cells/well. The plates were
further incubated overnight at 37°C with 5% CO, in an incubator
until inoculating density was reached.

Cytotoxic assay

The prepared plates were determined by MTT, known as
the thiazole blue method assay. The serial concentration of each
compound was added to cell plates. After 48 hours incubation,
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each well was washed using PBS and 100 pl of a 5 mg/ml MTT
(Thermo) solution was added to each well and incubated for 4
hours at 37°C. After dismissing the waste solution, the formazan
crystal formed was dissolved by adding 100 pl/well of DMSO.
Absorbance was measured at 540 nm using a microplate enzyme-
linked immunosorbent assay reader. The cell viability was
calculated using the following equation:

% viability cell = Abs of treated cell/Abs of nontreated cell.

All data are presented as a mean value by triplicate
experiments (mean = SE), and data analysis was performed by
analysis of variance supported by Dunnett’s comparison test p <
0.05. The graphical data were analyzed using OriginLab (MA,
USA).

RESULTS AND DISCUSSION

The phytosterols obtained were 7.1 mg of compound
(1), 4.5 mg of compound (2), and 15.7 mg of compound (3).
Compounds (1), (2), and (3) were directly identified as -sitosterol,
stigmasterol, and brassicasterol, respectively, by comparing their
spectroscopy data (Table 1) with published literature. Compound
(1) was shown as a white needle-sharp crystal. It has a melting
point at 140.8°C—141.2°C, and the IR spectrum band at 3,435.34
cm! presented O-H stretching for the hydroxyl group. Its
compound has a C,jH, O molecular formula, which was confirmed
by Electron lonization Mass Spectroscopy (EIMS) at m/z 414
[M]*. The comparison of 'H and '*C NMR data (Table 2) showed
decent relationships between compounds (1), (2), and (3); these
constitute the main structure of the sterol compound, presenting
the same ring formation of the A, B, C, and D regular ring
system for phytosterols. Compound (2) was obtained as a white
amorphous powder and the melting point at 161.4°C-162.2°C.
The IR spectrum showed a hydroxyl group band at 3,463.55

cm™'. Compound (2) has the molecular formula C,;H, O, which
was assigned by EIMS at m/z 412 [M]". Compound (3) was
obtained as a colorless crystal, and it displayed a melting point at
152.6°C—153.4°C. The hydroxyl group band appeared at 3,383.78
cm™. It has the molecular formula C, H, O, which was assigned
by EIMS at m/z 398 [M]".

In accordance with the isolated phytosterols and the
tetracyclic terpenoid ring system of phytosterols, the variety of
the isolated compounds is mainly qualified by the groups related
by C-17 in the ring system. Based on the different aliphatic group
at C-24, a chiral center carbon, phytosterols are distributed into
24-methylsterol and 24-ethylsterol. Brassicasterol has a methyl
substituent at C-24 and a © bond at C-22. While stigmasterol and
[B-sitosterol have an ethyl group at C-24, respectively, stigmasterol
has an additional & bond between C-22 and C-23 in comparison
with B-sitosterol.

Considering the phytosterol ability and the background
of R. apiculata, the bioactive phytosterol content from the root
bark of R. apiculata was first investigated. The cytotoxicity of R.
apiculata plants against three cancer cell lines, MCF-7, A549, and
HeLa, was reported. Results (Table 3) show that the stigmasterol
showed potential cytotoxicity against the three cancer cells and
Cmb3 showed significant cytotoxicity against MCF-7 with an IC, |
value of 28.48 = 0.9 uM. The weak cytotoxicity of B-sitosterol was
observed in the three cancer cell lines (Table 3). This trend may
be due to the presence of double bonds at C-22 and C-23 of the
sterol aliphatic chain; the activity of B-sitosterol may be lowered.
Furthermore, the most important feature of the isolated phytosterol
is a hydroxyl group at C-3 and different types of substitution by R,
at the C-17 position.

Compound (1), (2), (3) and integrated phytosterol were
also studied their cytotoxicity against three cancer cell (Fig. 1,
Table 3) compared by control positive for assay using S-flouracil.

Table 1. Bioactive phytosterols from root bark of R. apiculata: different types of substitution by R, at C-17 position.

Main structure (MS)

R Compound

1

SM~ 2

B-sitosterol

Stigmasterol

/ Brassicasterol
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Table 2. *C NMR and 'H NMR data of isolated phytosterol.

159

Isolated phytosterol
C 1) (2) (3)
o, mult. J,, mult (J; Hz) o, mult. o, mult (J; Hz) J. mult. o, mult (J; Hz)
1 382 CH, 1.84, m; 1.05 36.7 CH, 1.84, m 37.3 CH, 1.85, m
2 31.6 CH, 1.96, m; 1.81 29.7CH, 1.83, m 30.5 CH, 1.88, m
3 71.7 CH 3.52,m 71.8 CH 351, m 72.0 CH 3.71, m
4 43.4 CH, 423 CH, 230, m 42.5 CH,
5 142.4C 140.8 C 141.1C
6 121.6 CH 5.38,t 121.8 CH 534, m 121.9 CH 5.30,t
7 32.6 CH, 2.01, m 31.8 CH, 1.97, m 32.1CH,
8 32.8 CH 29.1 CH 29.6 CH
9 51.2CH 50.1 CH 50.3 CH
10 373C 36.1C 36.8C
11 21.8CH, 243 CH, 23.7CH,
12 40.7 CH, 39.8 CH, 40.7 CH,
13 43.1C 40.4 C 419C
14 56.9 CH 56.8 CH 57.7 CH
15 23.7 CH, 243 CH, 24.0 CH,
16 29.0 CH, 289 CH, 28.4 CH,
17 57.7 CH 56.0 CH 56.9 CH
18 12.2 CH, 0.68, s 12.0 CH, 0.70, s 12.6 CH, 0.67, s
19 19.2 CH, 19.0 CH, 1.01,s 19.4 CH, 0.99, s
20 36.8 CH 39.8 CH 39.8 CH
21 19.2 CH, 23.2 CH, 24.8 CH,
22 34.7CH, 138.4 CH 5.15, dd; 15.08; 8.61 138.6 CH 5.11,dd; 15.1; 8.4
23 26.7 CH, 129.4 CH 5.02, dd; 15.03; 8.62 129.5 CH 5.02,dd; 15.1; 8.4
24 46.6 CH 51.2CH 42.4 CH
25 29.2 CH 34.1 CH 29.9 CH
26 20.1 CH, 0.84,d 21.1 CH, 0.85,d 20.4 CH, 0.85,d
27 19.11 CH, 0.82,d 22.8 CH, 0.80,d 21.2 CH, 0.80,d
28 23.7CH, 25.3 CH, 242 CH, 0.88,d
29 12.3 CH, 0.84,d 12.1 CH, 0.81,t - -
Table 3. Cytotoxic activity of isolated phytosterol from root bark of
R. apiculata.
Compounds 1Cs, (M)
MCF-7 A549 HeLa
(1) 125.29 £ 2.1 114.04+2.4 88.75+4.7
2) 6795+ 1.5 549+2.6 71.2+2.5
3) 78.88 + 1.3 61.77+ 1.8 79.04 + 1.4
Cmbl1” 56.75+2.3 48.56 £ 1.5 66.98 +2.4
Cmb2* 80.79 £ 1.7 7279+ 1.4 91.67+2.1
Cmb3” 28.48£0.9 51.62+ 1.1 3450+ 1.6
Control™ 6.49+0.2 5.68£0.5 431+0.1

“In 100 pM Cmbl containing 1:1 mixture of compound (1) and (2); Cmb2 containing 1:1 mixture of
compound (1) and (3); Cmb3 containing 1:1 mixture of compound (2) and (3) by identical MTT assay

method.

“Control positive using 5-florouracil.
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All samples except Cmb3 showed moderate-weak cytotoxicity
in cancer cells (Fig. 2). An introductory activity-structure
relationship (Fig. 2, Table 1) shows that phytosterols with double
bounds at C-22 and C-23 exhibited a stronger effect than those
without these units, which was reasoned from the outcomes
that compounds (2) and (3), but not compound (1), showed
relatively higher cytotoxicity. When comparing the activities of
compounds (1), (2), and (3) with the same effect, it is obvious
that the binding site of the hydroxy at the C-3 moiety may not
play the most significant role in the efficiency. In addition, the
evaluation of the IC,  values of the Cmbl and Cmb3 samples
indicated that the saturated aliphatic chain at R, may provide
negative evidence in sterol cytotoxicity. In addition, compound
(2), with a 24-methylsterol moiety, showed stronger cytotoxicity
than compound (3), with a 24-methylsterol moiety. This suggests
that the 24-ethylsterol substituent may be involved in the
biological action of compound (3). Taken together, stigmasterol
and brassicasterol integrated are newly effective, demonstrating
improvement in their cytotoxicity in cancer cells.

Based on a study of the literature, phytosterol compounds
have been the foremost chemical constituents reported from the root
bark of R. apiculata until now (Kurniawan et al., 2021). They have
various biological activities, such as anti-inflammatory, anticancer,
antioxidant, antihyperglycemic, antifungal, and antibacterial. In
most published papers, significant pharmacological activity was
observed in the R, aliphatic chain. Moreover, it should be noted
that these phytosterols are present in several plant parts, such as
edible fruit, leaves, and stems, and they play an important role in
the corresponding declared biological activity. These data suggest
that plant sterols could potentially be advanced to lead compounds
due to their lower cell toxicity. Additionally, it has been discovered
in the literature that phytosterols have a good effect in lowering
LDL, and this bioactivity indicates the important ability of
phytosterols to be delivered into the blood. This showed that these
types of triterpenoids can enter the bloodstream and apply their
effects and have certain therapeutic properties. However, only few
studies have described detailed mechanisms of their anticancer
action in vitro and in vivo. Therefore, additional pharmacological
studies of phytosterol are needed.
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Figure 1. Cell viability chart of bioactive phytosterol and integrated phytosterol from root bark of R. apiculata.
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Figure 2. Cytotoxicity of bioactive phytosterol and integrated phytosterol from root bark of R. apiculata.

The whole R, aliphatic moiety is
important for the cytotoxic activity

The 24-ethylsterol has greater cytotoxic

The C-3 Hydroxyl group may not play the
most significant role in the cytotoxic activity

C-22 and C-23 double bond
increases the cytotoxic activity
compare by [-sitosterol single bond

Figure 3. Structure-activity relationships of phytosterol from root bark of R. apiculata.

CONCLUSION

The cytotoxicity of three phytosterols isolated from
the root bark of R. apiculata was reported for the first time.
All phytosterols and their integrated mixtures were tested for
cytotoxicity against the MCF-7, A549, and HeLa cancer cells. The
integrated phytosterol mixtures showed increasing cytotoxicity
compared to the original compound. The structure-activity
relationship of compounds (1), (2), and (3) and the mixture of

all the integrated phytosterols indicated that the 24-ethylsterol
chain showed a stronger effect than the 24-methylsterol moiety;
the double bonds between C-22 and C-23 played an important
role in phytosterol cytotoxicity. This study indicates that the root
bark of R. apiculata is an important source of phytosterols, which
may offer potential support for the application of traditional South
Lampung medicine. Therefore, in our further investigation, an in
vivo study will be required for a more extensive evaluation of the
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anticancer influence of phytosterols incorporated in the root bark
of R. apiculata.
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