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Abstract

Context: One approach to cancer therapy medication is exploring medicinal plants that contain one or more compounds specifically targeting cancer cells
with fewer side effects. Cascara from coffee fruit (Coffea canephora Pierre ex A.Froehner) is a waste rarely processed but has various chemical contents that
can be used in medicine.

Aims: To evaluate the in silico and in vitro activity of compounds isolated from ethanolic extract of C. canephora cascara against HeLa and MCF-7 breast cancer
cells.

Methods: Isolation of the compounds by radial chromatography and thin layer chromatography techniques, and the chemical structures were elucidated by
infrared radiation, ultraviolet, nuclear magnetic resonance spectroscopy, and mass spectrometry. In silico study about the compounds binding with the
receptor responsibility to cancer (caspases 3 and 9). In vitro study by examining the cytotoxicity of HeLa and MCF-7 cells of the isolated compounds from C.
canephora.

Results: Four known bioactive compounds, lupeol (1), stigmasterol (2), ursolic acid (3), and caffeic acid (4), were isolated from the ethanol extract of C.
canephora cascara. Based on the ESI-MS results, the m/z value for lupeol was 427.50 [M+H]", stigmasterol was 454.48 [M+ACN+H]", ursolic acid was 456.51
[M+H]*, and caffeic acid was 179 [M-H]. In silico and in vitro data show that the ursolic acid compound has activity against HeLa and MCF-7 cancer cells with
ICso values of 25.98 +0.01 pg/mL and 12.70 + 0.11 pg/mL, respectively.

Conclusions: All isolated compounds from C. canephora cascara have a promising ability to interact with caspases 3 and 9, particularly ursolic acid, which has
the smallest ICso value against HeLa and MCF-7 breast cancer cells.

Keywords: cancer; cascara; cytotoxicity; in silico; in vitro; peel.

Resumen

Contexto: Uno de los enfoques de la medicacion para el tratamiento del cancer es la exploracion de plantas medicinales que contengan uno o mas
compuestos dirigidos especificamente contra las células cancerosas con menos efectos secundarios. La cascara del fruto del café (Coffea canephora Pierre ex
A.Froehner) es un residuo raramente procesado pero tiene diversos contenidos quimicos que pueden utilizarse en medicina.

Objetivos: Evaluar la actividad in silico e in vitro de los compuestos aislados del extracto etandlico de la cascara de C. canephora frente a células de cancer de
mama HelLay MCF-7.

Métodos: Aislamiento de los compuestos mediante técnicas de cromatografia radial y cromatografia en capa fina, y las estructuras quimicas se dilucidaron
mediante radiacién infrarroja, ultravioleta, espectroscopia de resonancia magnética nuclear y espectrometria de masas. Estudio in silico sobre la unién de los
compuestos con el receptor responsable del cancer (caspasas 3 y 9). Estudio in vitro examinando la citotoxicidad de las células HeLa y MCF-7 de los
compuestos aislados de C. canephora.

Resultados: Se aislaron cuatro compuestos bioactivos conocidos, lupeol (1), estigmasterol (2), acido ursélico (3) y acido cafeico (4), a partir del extracto
etandlico de la cascara de C. canephora. Segun los resultados de la ESI-MS, el valor m/z del lupeol fue de 427,50 [M+H]+, el del estigmasterol fue de 454,48
[M+ACN+H]+, el del acido ursdlico fue de 456,51 [M+H]+, y el del 4cido cafeico fue de 179 [M-H]. Los datos in silico e in vitro muestran que el compuesto de
acido ursélico tiene actividad contra las células cancerosas HeLa y MCF-7 con valores de ICso de 25,98 + 0,01 pug/mLy 12,70 + 0,11 pg/mL, respectivamente.

Conclusiones: Todos los compuestos aislados de la cascara de C. canephora tienen una prometedora capacidad para interaccionar con las caspasas 3y 9, en
particular el acido ursdlico, que presenta el menor valor de ICso frente a las células de cancer de mama HeLa y MCF-T.

Palabras Clave: cancer; cascara; citotoxicidad; in silico; in vitro.
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INTRODUCTION

Cancer is one of the diseases caused by perpetual
genetic mutations until the alteration of cell function
due to the abnormality of some genes (Schegoleva et
al., 2022). Mutation of cancer cells is caused by some
factors, for instance, radiation of X-rays, UV rays,
high exposure to radioactive substances, carcinogenic
substances, and viruses (Melosky et al., 2022). Based
on WHO data in 2020, cancer is one of the biggest
mortality rates caused by many factors (Giaquinto et
al., 2022).

There are some medications related to the manifes-
tation of cancer therapy: surgical therapy, radiation,
chemotherapy, immunotherapy, and targeted medi-
cines. Recently, chemotherapy and radiation have
been generally applied, yet there were some side ef-
fects and resistance to these therapies (Li et al., 2022;
Love et al.,, 1989). As time goes by, researchers devel-
op other approaches to cancer therapy medication.
One is by exploring medicinal plants that contain one
or more compounds specifically targeting cancer cells
with fewer side effects (Li et al., 2022). Therefore, the
challenge of continually searching for new cancer
drugs with diverse chemical structures that can effec-
tively combat cancer cells and have low side effects
remains essential, including through the exploration
of natural substances, primarily from plants (botani-
cal raw materials) (Li et al., 2022). Botanical raw mate-
rials that have been proven to have anticancer proper-
ties include species of coffee plants (Coffea sp) (Ga-
llardo-Ignacio et al., 2022).

Coffea canephora Pierre ex A.Froehner (family Ru-
biaceae) has anticancer properties (Gallardo-Ignacio et
al., 2022). In coffee cultivation, around 50-60% of cas-
cara waste is generated (Rios et al., 2020). Recently,
processed cascara has been produced as food and
supplement products because it contains proteins,
polysaccharides, and active compounds (Klingel et
al., 2020). This will be a promising approach to devel-
oping cancer therapy that can be targeted specifically
to cancer cells without affecting the normal cells in
the body. According to Yashin et al. (2017), some
compound contents found in coffee beans are also
present in the coffee cascara, making it an opportuni-
ty for initial testing and development of the potential
anticancer properties of coffee cascara, particularly
from Robusta coffee varieties (Duangjai et al., 2016;
Duréan-Aranguren et al., 2021).

The process of designing, discovering, and opti-
mizing bioactive compounds in the development of a
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new drug can be facilitated through in silico methods.
In silico represents a fast and cost-effective way to
identify new drugs. In silico is an effective method to
identify the activity of many compounds isolated
from plants to the targeted receptor using software
(Hardjono et al., 2016; Nur et al., 2023). This method is
useful for screening secondary metabolites isolated
from coffee as a preliminary approach for further
experiments. This study aimed to evaluate the in silico
and in vitro activity of compounds isolated from etha-
nolic extract of C. canephora cascara against HeLa and
MCE-7 breast cancer cells.

MATERIAL AND METHODS

Plant material

The plant material fruit cascara of Coffea canephora
Pierre ex A.Froehner was used as plant material. They
were taken from Bogor regency, West Java, Indonesia
(lat -6.74238°, long 107.006648°), and their identities
were verified at Herbarium Bogoriensis, BRIN Cibi-
nong, Indonesia (B-483/V/D1.05.07/10/2021).

Materials

ChemOffice v8.0, HyperChem Release v8.07, Dis-
covery Studio Visualizer v4.5, and DOCK 6 software
programs were purchased from UCSF (University of
California, San Fransisco). FT-IR Spectrometer Nicolet
iS50, Biosafety Cabinet (BSC) Class II 1300 series type
A2, MicroCL17 microcentrifuge, CO. incubator 8000
DH series, and Microscope (EVOS XL Core) were
purchased from Thermo Fisher Scientific (USA). The
compounds’ mass was recorded using TQD LCMS-
Ultra Performance Liquid Chromatography (UPLC)
(Waters, USA). 1-D and 2-D NMR 500 MHz Cryo-
Probe from Bruker (USA). Radial chromatography for
isolation was performed using round glass plates
Kieselgel 60 PF254 (art. no. 7749) and TLC silica gel 60
F254 of 0.25 mm thickness (art. no. 5554) from Merck
(USA). Cytotoxicity test was carried out using a 96-
well plate (Nest Scientific, USA), micropipettes, and
tips (Mettler Toledo, USA).

Chemical and reagents

Chemicals such as CeSOs, ethanol, n-hexane, ethyl
acetate, and EDTA were purchased from Merck, USA.
DMEM media, FBS, antibiotic penicillin-streptomycin,
trypsin, trypan blue from Gibco, USA. Hela and
MCE-7 cell lines from ATCC, PrestoBlue cell viability
reagent from Invitrogen, USA, and cisplatin and
DMSO were purchased from Sigma-Aldrich, USA.
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Extraction and isolation of the active compounds
from C. canephora

Preventive parading

C. canephora fruits were cleaned with water and cut
into small pieces, then next were air-dried to give 5.0
kg of dry sample. The dried sample was ground and
extracted with 70% ethanol (EtOH). After filtration,
the extract was dried in a vacuum at 45°C to give a
crude extract. Fractionation of the extract was carried
out with vacuum liquid chromatography (VLC) using
a column (80 mm id x 500 mm) of silica gel (7734).
The mobile phase was n-hexane/ethyl acetate
(EtOAc) with increased polarity. Radial chromatog-
raphy (RC) was utilized for the purification process,
using 95:5 n-hexane-EtOAc in 10% polarity increment
to weight compounds 1 (25 mg), 2 (14 mg), 3 (18 mg)
and 4 (32 mg) (Rosandy et al., 2018).

Active compounds analysis

(1) Lupeol

White amorphous; m.p 215-217° C; ESIMS
[M+H]+ m/z 427; 'TH NMR (Chloroform-d, 500 MHz)
O0H: 1.61 (2H, t, H-1), 1.63 (2H, m, H-2), 3.19 (1H, dd,
10.8, 5.4, H-3), 0.69 (1H, d, 9.0, H-5), 1.39 (2H, m, H-6),
1.39 (2H, t, 9.0, H-7), 1.27 (1H, t, 5.4, H-9), 1.39 (2H, m,
H-11), 1.27 (2H, m, H-12), 1.69 (1H, t, 6.6, H-13) 1.69
(1H, t, 6.6, H-15), 1.52 (1H, m, H-16a), 1.47 (1H, m, H-
16b), 1.39 (1H, t, 9.0, H-18), 2.38 (1H, m, H-19), 1.92
(1H, m, H-21a), 1.27 (1H, m, H-21b), 1.63 (2H, t, H-22),
0.97 (3H, s, H-23), 0.77 (3H, s, H-24), 0.84 (3H, s, H-25),
1.04 (3H, s, H-26), 0.95 (3H, s, H-27), 0.79 (3H, s, H-28),
4.70 (1H, s, H-29a), 4.57 (1H, s, H-29b), 1.69 (3H, s, H-
30); 13C NMR (Chloroform-d, 125 MHz) 6H: 38.7 (C-

1), 27.5 (C-2), 78.9 (C-3), 38.9 (C-4), 55.3 (C-5), 18.3 (C-
6), 34.3 (C-7), 40.8 (C-8), 50.4 (C-9), 37.1 (C-10), 20.9
(C-11), 25.2 (C-12), 38.1 (C-13), 42.9 (C-14), 27.4 (C-15),
35.6 (C-16), 48.2 (C-17), 48.3 (C-18), 47.9 (C-19), 150.9
(C-20), 29.9 (C-21), 40.0 (C-22), 28.0 (C-23), 15.4 (C-24),
16.1 (C-25), 16.0 (C-26), 14.6 (C-27), 18.0 (C-28), 109.4
(C-29), 19.3 (C-30). See Fig. S1.

(2) Stigmasterol

Colorless crystal; m.p 134-136°C; ESIMS [M+H]+
m/z 413; TH NMR (Chloroform-d, 500 MHz) 6H: 1.84
(2H, m, H-1), 1.51 (2H, m, H-2), 3.51 (1H, m, H-3), 2.24
(2H, dd, 10.5, 2.1, H-4), 5.34 (1H, d, 5.4, H-6), 1.84 (2H,
m, H-7), 1.93 (1H, m, H-8), 1.44 (1H, m, H-9), 1.47 (2H,
m, H-11), 2.00 (2H, dd, 9.3, 3.0, H-12) 1.10 (1H, m, H-
14), 1.55 (2H, m, H-15), 1.25 (2H, m, H-16), 1.07 (1H,
m, H-17), 0.68 (3H, s, H-18), 0.99 (3H, s, H-19), 1.99
(1H, m, H-20), 0.91 (3H, d, 6.3, H-21), 4.99 (1H, dd,
15.2,8.7, H-22), 5.14 (1H, dd, 15.2, 8.7, H-23), 1.93 (1H,
m, H-24), 1.65 (1H, m, H-25), 0.81 (3H, d, 6.5, H-26),
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0.79 (3H, d, 6.5, H-27), 1.25 (2H, m, H-28) , 0.84 (3H, t,
3.3, H-29); 3C NMR (Chloroform-d, 125 MHz) 6H:
37.0 (C-1), 31.7 (C-2), 71.5 (C-3), 42.0 (C-4), 140.5 (C-5),
121.5 (C-6), 31.4 (C-7), 31.6 (C-8), 49.9 (C-9), 36.3 (C-
10), 20.9 (C-11), 39.5 (C-12), 42.1 (C-13), 56.5 (C-14),
24.1 (C-15), 28.0 (C-16), 55.8 (C-17), 11.6 (C-18), 18.8
(C-19), 40.3 (C-20), 18.6 (C-21), 138 (C-22), 129.0 (C-
23), 51.0 (C-24), 28.9 (C-25), 19.6 (C-26), 19.2 (C-27),
22.8 (C-28), 11.7 (C-29). See Fig. S2.

(3) Ursolic acid

White amorphous; m.p 215-217°C; ESIMS [M+H]+
m/z 457; TH NMR (DMSO, 500 MHz) 6H: 1.0 (1H,
13.15, H-1a), 1.52 (1H, m, H-1b), 1.45 (2H, q, H-2), 3.00
(1H, m, H-3), 4.29 (1H, d, OH-3), 0.66 (1H, br-s, H-5),
1.45 (1H, m, H-6a), 1.29 (1H, m, H-6b), 1.42 (1H, m, H-
7a), 1.26 (1H, m, H-7b), 1.44 (1H, t, 6.8, H-9), 1.85 (2H,
t, 3.0, H-11), 5.13 (1H, t, 3.25, H-12), 1.80 (2H, m, H-15)
1.91 (1H, m, H-16a), 1.52 (1H, m, H-16b), 2.10 (1H, d,
11.25, H-18), 1.52 (1H, m, H-19), 1.28 (1H, m, H-20),
1.42 (2H, m, H-21), 1.54 (2H, m, H-22), 0.89 (3H, s, H-
23), 0.68 (3H, s, H-24), 0.87 (3H, s, H-25), 0.75 (3H, s,
H-26), 1.04 (3H, s, H-27), 11.93 (1H, s, OH-28), 0.80
(BH, d, 6.45 H-29), 0.89 (3H, d, H-30); 3C NMR
(DMSO, 125 MHz) 8H: 39.2 (C-1), 28.2 (C-2), 78.2 (C-
3), 39.6 (C-4), 55.9 (C-5), 18.8 (C-6), 33.7 (C-7), 40.1 (C-
8), 48.1 (C-9), 37.5 (C-10), 23.7 (C-11), 125.7 (C-12),
139.3 (C-13), 42.6 (C-14), 28.8 (C-15), 25.0 (C-16), 48.1
(C-17), 53.6 (C-18), 39.5 (C-19), 39.4 (C-20), 31.1 (C-21),
374 (C-22), 28.8 (C-23), 16.5 (C-24), 15.7 (C-25), 17.5
(C-26), 24.0 (C-27), 179.7 (C-28), 17.5 (C-29), 21.4 (C-
30). See Fig. S3.

(4) Caffeic acid

White amorphous; m.p 235-236°C; ESIMS [M+H]+
m/z 181; UV Amax (MeOH) nm (log ¢): 203.53 and
340.51 nm; 'H NMR (DMSO, 500 MHz) 6H: 6.98 (1H,
d, 2.0 Hz, H-2), 6.71 (1H, d, 8.16 Hz, H-5), 6.92 (1H
dd, 8.16, 212 Hz, H-6), 7.37 (1H, d, 15.88 Hz, H-7),
6.12 (1H, d, 15.92 Hz, H-8), 12.06 (1H, s, 9-OH), 9.47
(1H, s, 3-OH), 9.07 (1H s, 4-OH); 3C NMR (DMSO,
125 MHz) 8H: 126.22 (C-1), 115.16 (C-2), 146.08 (C-3),
148.66 (C-4), 116.26 (C-5), 121.67 (C-6), 145.12 (C-7),
115.63 (C-8), 168.42 (C-9). See Fig. S4.

Culture cell conditions and cytotoxic assay

The cytotoxicity of compounds 1-4 was deter-
mined with a cell viability test using PrestoBlue®
assay. The cells were maintained in a Roswell Park
Memorial Institute (RPMI) medium with 10% (v/v)
Fetal Bovine Serum (FBS) and 1 pL/1 mL antibiotics
(1% penicillin-streptomycin). Cultures were incubat-
ed at 37°C in a humidified atmosphere of 5% CO:
(Aisyah et al., 2022; Nur et al., 2021). MCF-7 cells were
plated in 96 multiwell culture plates at a density of 1.7
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x 104 cells/ well. After twenty-four hours, the medium
was discarded, and fresh medium containing samples
(C. canephora extracts, fractions, and isolates) with
different concentrations of 7.81, 15.63, 31.25, 62.50,
125.00, 250.00, 500.00, 1000.00 pg/mL and with the
positive control cisplatin. After incubation with the
sample for 24 h, PrestoBlue® reagent (resazurin dye)
was added. The PrestoBlue® assay results were read
using a multimode reader at 570 nm (Tecan Infinite
M200 PRO, Switzerland). The ICsy value was deter-
mined by linear regression using Microsoft Excel
software. Then, the ICsy value was calculated as the
extract concentration that inhibited cell viability by
50% after the exposure time. The selectivity index (SI)
was defined as the ratio of the ICs5 value observed
against cancer cell lines to the ICso value observed in
non-malignant cells (Céspedes et al., 2023).

In silico screening of bioactive compounds

Preparation of ligand structure

To create ligand structures, including lupeol, stig-
masterol, ursolic acid, caffeic acid, and cisplatin as
reference compounds, began with designing the 2D
form by using the ChemDraw Ultra 8.0 program in-
side the package ChemOffice v8.0 program. Then, to
3D form by using Chem3D v8.0 on the same package.
The file was saved in *mol format. The 3D structure
was optimized geometrically by using the Hyper-
Chem Release v8.07 program. The optimization of the
tested compounds was carried out by the software
Chimera for the addition of hydrogen and charges,
and then the file was saved as *. mol2 format for fur-
ther docking process by using the DOCK 6 program
(Nursamsiar et al., 2022).

Preparation of molecules

The 3D structures of caspases 3 and 9 target pro-
teins were displayed in the package Discovery Studio
Visualizer v4.5 program. Chain B (caspase 3) and
chain A (caspase 9), as the receptor, were separated
from water molecules and other of their native lig-
ands and then saved as *.pdb format. By operating the
Chimera program, hydrogen, and charges were add-
ed to the protein structure, then the file was saved as
*. mol2 format for further docking process by using
the DOCK 6 program (Nur et al., 2023; Nursamsiar et
al., 2020).

Validation of docking method

Validation was conducted by re-docking its native
ligands into the active side of the receptors/proteins.
The Relative Mean Standard Deviation (RMSD) de-
termined the method's validity. If the score is less
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than 2, the docking method is valid and ready to be
attached to the tested compounds (Nur et al., 2023).

Docking simulation

The docking simulation of tested compounds was
performed using the DOCK 6 program and visualized
by Chimera (UCSF, 2023). Both caspase 3 and 9 were
prepared without hydrogen atoms to determine the
spheres around the protein surface. The identification
of spheres is based on the location of the natural lig-
ands by the RMSD, about 8 A each atom. After sphere
identification, the grid box area and the size of the
natural ligand binding site were determined in the
margin of 5 A. Energy minimization was applied to
the optimized ligand compounds from C. canephora
and cisplatin as reference compounds before the
docking process, while the docking process was next
performed by the rigid-docking method. The in silico
evaluation parameters regarding the ligand struc-
ture's orientation to the protein target, hydrophobic
interaction, the formation of hydrogen bonds, and the
grid score of docking processes from each ligand were
evaluated.

Statistical analysis

Data were expressed as the mean + standard devi-
ation of at least two experiments and analyzed using
the GraphPad Prism 5 (2007) program (GraphPad
Software, Inc.). Normality was tested using the Kolmo
Gorov-Smirnov test, followed by the Bartlett or max-
imum F test to assess homogeneity. Duncan's multi-
ple-range assay was used to analyze the kinetic char-
acterization data of the culture medium. When signif-
icant differences were found, comparisons of means
between treatments were performed using simple
categorical analysis of variance (ANOVA) plus Dun-
nett's parametric post hoc test. P<0.05 was indicated
as statistically significant.

RESULTS AND DISCUSSION

NMR data of isolated compounds

Compound 1 was isolated as a white amorphous
solid. The molecular formula is C30Hs:0, and it was
generated using ESI-MS [M+H]+ at m/z 427.50. The
UV spectrum showed only one absorbance peak at
203.53 nm, indicating the absence of a conjugated
system of double bonds. The FTIR spectrum showed a
broad absorbance peak at © of 3367 cm?, indicating
the stretching vibration of the O-H bond, and the
vibration band of C-O bending was observed at 1040
cm’l. The absorbance peak at 761 cm™ indicated the
out-of-plane bending vibration of O-H. The Csp3-H
stretching bands appeared at 2943 and 2870 cm.
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Bending vibrations of Csp3-H of the methyl groups
gave absorbance at 1457 (asymmetrical) and 1382 cm-!
(symmetrical), while the methylene rocking bending
vibration band appeared at 720 cm. The olefinic
group was detected in this compound, shown by an
absorbance peak of symmetrical C=C stretching at
1641 cm™. The absorption band at 3072 cm! indicated
the vibration of the C sp2- H stretch, and the peak at
882 cm! explained that this compound contains vinyl-
type double bond 1 and exhibited 30 carbons, which
were identified using 3C NMR. It was revealed that
the compound was formed by seven methyls, 11
methylenes, six methines, and six quarternary car-
bons. The Double Bond Equivalent (DBE) value of six
indicated that this compound was a pentacyclic
triterpene with only one double bond. A carbon at 6C
78.9 (C-3) showed the presence of an oxygen-
attaching carbon, while the sole double bond in the
molecule was shown by a pair of carbons at §C 150.9
(C-20) and 109.4 (C-29). Seven singlet methyls were
detected in this compound, suggesting that all the
methyl groups were attached to quarternary carbons.
From the 'H NMR, it was observed that there was a
proton at 6H 3.19 (dd, J = 10.8 and 5.4, H-3) integrat-
ing for one proton, indicating a proton attached to an
oxygen-attaching carbon, which in this case was C-3.
In addition, there were no carbon and proton signals
with chemical shifts indicating a methoxy group.
Thus, it can be concluded that C-3 attached a hydrox-
yl (-OH) instead of a methoxy group. Two highly
deshielded protons at 6H 4.70 and 4.57 (H-29) were
attached to the same carbon (C-29). This explains that
the highly deshielded carbon was a methylene group
forming a double bond with a quarternary carbon (C-
20). When a double bond in a triterpene molecule is
formed by methylene and a quarternary carbon, it is
confirmed outside the ring system. This skeletal char-
acteristic belongs to the lupane-type triterpene lupeol
(Rosandy et al., 2021). See Fig. S1.

Compound 2 was obtained as a colorless needle
crystal. Only one absorbance peak was observed in
the UV spectrum at 204.03 nm. This indicated the
absence of a conjugated double bond in the molecule.
The FTIR spectral data showed the stretching vibra-
tion band of O-H at 3431 cm-!, C-O bends at 1052 cm-,
and the out-of-plane bending vibration of O-H at 803
cm’. The peaks of stretching Csp3-H appeared at
2958, 2937, and 2869 cm-!, while the bending vibra-
tions of Csp3-H of the methyl groups gave absorption
at 1464 (asymmetrical) and 1380 cm! (symmetrical).
An absorbance peak of symmetrical stretching C=C at
1645 cm™ indicated the existence of the olefinic group
in this compound. The structure of 2 was further de-
termined using ¥C and 'H NMR spectral data. The
carbon experiment showed that this compound con-
tained 29 carbons of six methyls, nine methylenes, 11
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methines, and three quarternary carbons. A methine
carbon at 6C 71.5 (C-3) indicated a carbon attached to
an oxygen atom (oxymethine), revealing a hydroxyl
group’s existence. The presence of two pairs of highly
deshielded carbons at 6C 140.5 (C-5), 121.5 (C-6),
138.1 (C-22), and 129.0 (C-23) suggested that there
were two double bonds in the molecule. The DBE
value of six suggests that this compound was a tetra-
cyclic compound containing two double bonds. The
H NMR experiment of 2 (Fig. 1) displayed infor-
mation on the presence of two singlet methyl signals
at 0H 0.68 (H-18) and 0.99 (H-19), indicating that they
were bound directly to the ring system. Three doublet
methyls at 8H 0.91 (H-21), 0.81 (H-26), and 0.79 (H-
27), and one triplet methyl at 6H 0.84 (H-29) were
located at the side chain outside the rings of the main
skeleton. A proton at 6H 3.51 (H-3) was attached to
the oxygen-binding carbon (C-3). The occurrence of
three highly deshielded protons at 8H 5.34 (H-6), 4.99
(H-22), and 5.14 (H-23) indicated the presence of two
pairs of double bonds. The typical signal for the ole-
finic H-6 of the steroidal skeleton was evident from a
proton at 8H 5.34 integrating for one proton. The sim-
ilar coupling constants (J = 15.2 Hz) of the other ole-
finic protons, H-22 and H-23, revealed that they were
neighbors and were in transposition. Based on the
discussion above and data comparison with the litera-
ture, compound 2 was identified as stigmasterol (As-
tuti et al., 2022). See Fig. S2.

Compound 3 was obtained as a colorless needle
crystal. Only one absorbance peak was observed in
the UV spectrum at 204.03 nm. This indicated the
absence of a conjugated double bond in the molecule.
The FTIR spectral data showed the stretching vibra-
tion band of O-H at 3431 cm!, C-O bends at 1052 cm-,
and the out-of-plane bending vibration of O-H at 803
cm?. The peaks of stretching Csp3-H appeared at
2958, 2937, and 2869 cm, while the bending vibra-
tions of Csp3-H of the methyl groups gave absorption
at 1464 (asymmetrical) and 1380 cm™ (symmetrical).
An absorbance peak of symmetrical stretching C=C at
1645 cm ! indicated the existence of the olefinic group
in this compound. The structure of compound 3 was
further determined using ¥C and 'H NMR spectral
data. The carbon experiment showed that this com-
pound contained 29 carbons of six methyls, nine
methylenes, 11 methines, and three quarternary car-
bons. A methine carbon at 8C 71.5 (C-3) indicated a
carbon attached to an oxygen atom (oxymethine),
revealing a hydroxyl group’s existence. The presence
of two pairs of highly deshielded carbons at 8C 140.5
(C-5), 121.5 (C-6), 138.1 (C-22), and 129.0 (C-23) sug-
gested that there were two double bonds in the mole-
cule. The DBE value of six suggested that this com-
pound was a tetracyclic compound containing two
double bonds. The TH NMR experiment of 3 (Fig. 1)
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23 24

Lupeol (1)

23 24

Ursolic acid (3)

Figure 1. Chemical structure of isolated compounds from C. canephora cascara.

Caffeic acid (4)

displayed information on the presence of two singlet
methyl signals at 0H 0.68 (H-18) and 0.99 (H-19), indi-
cating that they were bound directly to the ring sys-
tem. Three doublet methyls at 6H 0.91 (H-21), 0.81 (H-
26), and 0.79 (H-27), and one triplet methyl at 5H 0.84
(H-29) were located at the side chain outside the rings
of the main skeleton. A proton at 6H 3.51 (H-3) was
attached to the oxygen-binding carbon (C-3).The oc-
currence of three highly deshielded protons at 6H
5.34 (H-6), 4.99 (H-22), and 5.14 (H-23) indicated the
presence of two pairs of double bonds. The typical
signal for the olefinic H-6 of the steroidal skeleton
was evident from a proton at 8H 5.34 integrating for
one proton. The similar coupling constants (J = 15.2
Hz) of the other olefinic protons, H-22 and H-23, re-
vealed that they were neighbors and were in transpo-
sition. Based on the discussion above and data com-
parison with the literature, compound 3 was identi-
fied as ursolic acid (Tan et al., 2019). See Fig. S3.

Compound 4 was isolated as a white amorphous
solid. Its molecular formula was determined as
CoH7O4, obtained by ESI-MS [M - H]- m/z 179. The
IR spectrum showed the presence of carbonyl groups
(1735 ecm?), -OH (3441 cm?), and -C=C- (1600-1450
cm™). The 13C NMR spectrum showed the location of
nine signals representing five methines and four qua-
ternary carbons. The DBE value of six indicated that
this compound contained five double bonds and one
ring. The carbonyl group was indicated as the most
deshielded carbon at 6C 168.42 (C-9) ppm. Two non-
equivalent olefinic methine signals at 6C 145.12 (C-7)
and 115.63 (C-8) ppm were attributed to the outside
ring. Another six olefinic carbon signals at 6C 126.22
(C-1), 115.16 (C-2), 146.08 (C-3), 148.66 (C-4), 116.26
(C-5), 121.67 (C-6) ppm to form an aromatic ring in
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this molecule. Meanwhile, eight proton signals repre-
senting eight protons appeared in the TH-NMR spec-
trum. Five signals came from the five non-equivalent
olefinic protons at H-2, 3-OH, 4-OH, H-5, and H-6,
forming 3,4-dihydroxy benzene. Two methine pro-
tons at 6H 7.37 ('H, d, 15.88 Hz, H-7) and 6.12 ('H, d,
15.92 Hz, H-8), indicating that both protons were
adjacent to forming trans-olefinic methine. The last
signal was hydroxy at 6H 12.06 ('H, s, 9-OH) attached
to carbonyl C-9. A comparison of the compound’s 3C
and TH NMR spectra suggested it was caffeic acid
(Silva et al., 2021). See Fig. S4.

In silico test of active compounds

Redocking results over receptors of caspases 3 and
9 using DOCK showed RMSD scores of 0.87 A and
0.64 A, respectively. RMSD score is one validation
reference to assess the accuracy of the docked geo-
metric poses with their crystallographic confor-
mations (Adianingsih et al., 2022; Nur et al.,, 2023).
The result showed valid by RMSD <2 A (Ramirez and
Caballero, 2018). The redocking result of natural lig-
ands caspases 3 and 9 is shown in Fig. 2. It showed
that the natural ligand poses due to redocking coin-
cide (shown in gray color) with their crystallographic
poses (red). The function score used in the DOCK 6
program is the grid score, and the attachment score is
shown in Table 1. The figure of redocking of the natu-
ral ligands of caspases 3 and 9 are shown in Fig. 3.

Hydrogen bond spacing had a role to determine
the inhibitory activity of a ligand. A strong hydrogen
bond might be proportional to a very weak covalent
bond. The hydrogen bond with the gap of donor-
acceptor 1.2 - 1.5 A was categorized as a strong bond,
whereas the gap of 1.5 - 2.2 A was categorized as a
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moderate bond, and 2.2 - 3.2 A was categorized as a
weak bond (Adianingsih et al, 2022; Riwu et al,
2022). The interaction and bond distance of each
compound with its receptor are shown in Tables 2
and 3. Visualization of molecular attachment to
caspases 3 and 9 receptors is shown in Figs. 3 and 4.

A prediction study of compound interaction with
caspase-3 (PDB ID: 1PAU) and 9 (PDB ID: 1JXQ) was
conducted by molecular attachment study by running

Coffea canephora and anti-breast cancer properties

the protocol DOCK 6 with the method of flexible lig-
and docking. The ligand is freely moved in this meth-
od, yet the receptor remains rigid. This method is
widely used due to its accuracy, which is more than
the rigid docking method, where the flexible ligand
docking method gives more ligand confirmation of
interaction. DOCK molecular attachment was validat-
ed based on root mean square deviation (RMSD) from
the redocking result of the natural ligand of caspases
3and 9.
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Figure 2. Visualization of molecular attachment to caspase-3 receptor.
(A) Natural ligand; (B) Cisplatin; (C) Lupeol; (D) Stigmasterol; (E) Ursolic acid; (F) Caffeic acid.
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Figure 3. Redocking of natural ligand of caspase-3 (A) and caspase-9 (B).
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Figure 4. Visualization of molecular attachment to caspase-9 receptor.
(A) Natural ligand; (B) Cisplatin; (C) Lupeol; (D) Stigmasterol; (E) Ursolic acid; (F) Caffeic acid.
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Table 1. Attachment score of all compounds to caspases 3 and 9.

Receptors Compound Attachment score (kcal/mol)
Caspase 3 Natural ligand -76.36
(PDB ID: 1PAU) Cisplatin -13.88
Lupeol (1) -41.36
Stigmasterol (2) -39.14
Ursolic acid (3) -43,67
Caffeic acid (4) -21,57
Caspase 9 Natural ligand -86,05
(PDB ID: 1JXQ) Cisplatin -16,24
Lupeol (1) -43.47
Stigmasterol (2) -43,22
Ursolic acid (3) -45,10
Caffeic acid (4) -29,02

Table 2. Compound interaction with caspase 3 receptor (PDB ID: 1PAU).

Amino acid residue and its bond distance (&)

Ligands

Hydrogen bond

Hydrophobic interaction

Electrostatic interaction

Natural ligand

Cisplatin

Lupeol (1)

Stigmasterol (2)

Ursolic acid (3)

Caffeic acid (4)

Arg341 (2,83; 2,86; 2,92; 3,14; 3,50)

Ser343(2,98;3,51)

Phe381 (2,88)
Asn342 (3,18)
Ser339 (2,88)
Arg341 (2,42)
Trp348 (3,28)
Phe381 (2,06)

Ser339 (2,86)

Ser339(2,33;2,93)

Arg341 (3,10
Glu3sl (3,31
Asn342 (4,13)
Phe381 (4,16)

)
)

Trp340 (3,80)
Tyr338 (4,16)

Phe381 (5,32)

Tyr338 (4,21)

Trp340 (5,17; 5,21; 5,43)
Arg341 (4,79)

Tyr338 (4,15)

Trp340 (4,57; 5,08)
Arg341 (4,71)

Phe381 (4,32; 5,14)
Arg341 (4,67)

Phe381 (4,86)

Tyr338 (4,24)

Trp340 (4,59; 5,08; 5,28; 5,42)

Arg341 (4,20)
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Table 3. Compound interaction with caspase 9 receptor (PDB ID: 1JXQ).

Amino acid residues and its bond distance (&)

Ligands
Hydrogen bond Hydrophobic interaction Electrostatic interaction
Natural ligand His237 (2,74) 1le382 (4,92) Arg341 (3,32)
Arg341 (2,72;2,70) Trp340 (5,00) Argl79 (3,02)
Ser339 (3,34)
Argl79 (4,35)
Cisplatin Ser339(2,79) Arg341 (3,80; 4,82)
Cys285 (2,20; 2,43) Argl79 (3,11)
Lupeol (1) Arg341 (2,48) Trp340 (4,30; 5,27)
Val338 (4,87)
Cys285 (3,82; 5,09)
Tyr244 (5,32)
Leul76 (4,82)
His237 (4,44; 4,83)
Argl77 (4,01)
Stigmasterol (2) Arg341 (2,82) Tyr244 (5,03)
Leul76 (4,45)
His237 (4,35)
Cys285 (3,74; 5,23)
Argl77(5,17; 5,31)
Trp340 (5,34; 4,71)
Ursolic acid (3) Arg341 (4,57)
Argl77 (3,90)
Cys285 (4,65)
Val338 (4,78)
His237 (5,26)
Trp340 (5,21; 5,43)
Caffeic acid (4) Ser236 (2,84) Arg341 (4,94) Arg341 (3,77)
Argl79 (2,88)
Gln283 (2,95)
Cys285 (4,10)

Cytotoxic activities According to an in vitro cytotoxicity assay of the

four compounds isolated from C. canephora cascara,
ursolic acid exhibited the smallest ICsp in both HeLa

By the cytotoxicity results of the compounds iso-
lated from C. canephora cascara ethanolic extract, ur-

solic acid showed the smallest value of ICsp among
the other compounds, even smaller than the positive
control (cisplatin) on MCF-7 cells (Table 4). In vitro
studies of ursolic acid have also been reported to in-
hibit the progression of breast cancer cells targeting
the NF-xB pathway (Fitriana et al., 2022; Liu et al,,
2015). Non-malignant cells were extracted to calculate
the selectivity index (SI) with the ICs value until a
concentration of 1000 ug/mL, which was the manxi-
mum concentration evaluated. Based on the results,
ursolic acid showed the highest selectivity against
Hela cells and MCEF-7 cells. Table 4 shows the ICs
level of some compounds derived from C. canephora
cascara to HeLa and MCF-7 breast cancer cells.

https://jppres.com

and MCEF-7 cells. Ursolic acid is widely known to
have activities against diseases, including anti-
inflammatory, antimicrobial, antidiabetic, and anti-
cancer. Some studies regarding its activity towards
breast cancer have been reported, for example, by
molecularly suppressing glycolytic metabolism via
activation of Spl/caveolin-1 signaling (Khochapong
et al., 2021; Luzak et al., 2022). Since ursolic acid also
interacts with caspases 3 and 9 in the present study. It
could be understood that the small value of ICsy ob-
tained from ursolic acid is based on its ability to per-
form cell apoptosis in cancer, particularly breast can-
cer.
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Table 4. IC5 level of some compounds derived from cascara to HeLa and MCF-7 breast cancer cells.
1Cso (ng/mL) + SD (SI)
Compound
Hela cells MCF-7 cells
Extract 486.31+0.17 (1.79) 412.57 +0.28 (2.04)
n-hexane fraction 121.59+0.12 (2.5) 221.57+0.12 (2.44)
Ethyl acetate fraction 99.36+0.41 (2.22) 130.3+0.23(2.14)
Methanol fraction 323.07+£0.01 (1.75) 159.49+0.16 (1.82)
Lupeol (1) 89.94 +0.46 (2.36) 96.53+0.42 (1.96)
Stigmasterol (2) 94.94 +0.30 (2.33) 66.44 +0.29 (2.54)
Ursolic acid (3) 25.98 +0.01 (6.42) 12.70+0.11 (7.63)
Caffeic acid (4) 102.98 +£0.12 (3.81) 101.50 +0.23 (2.86)
Cisplatin (+ control) 9.05+0.16 (8.28) 53.00£0.11 (3.73)
The selectivity index (SI) was calculated by dividing the ICs value of normal cells by the ICs value of cancer cells. The SI
value represents the sample selectivity of the cell lines tested.
CONCLUSION Céspedes I, Fuentes-Leén F, Rodeiro I, Laurencio-Lorca Y, Iglesias

The ICsp value of the compounds isolated from C.
canephora cascara against HeLa and MCF-7 breast
cancer and the correlation with in silico results to-
wards interaction to caspases 3 and 9. It can be con-
cluded that all of the compounds have potential for
cancer therapy, particularly wursolic acid, which
showed the smallest ICso value against HelLa and
MCF-7 breast cancer. More advanced approaches to
getting a specific molecular target in cancer cells are
needed.
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Supplementary data

Figure S1. Structural chromatographic elucidation of lupeol.
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Figure S3. Structural chromatographic elucidation of ursolic acid.
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Figure S4. Structural chromatographic elucidation of caffeic acid.
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