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Background: Cancer is a leading cause of death worldwide, with breast cancer being the most
common invasive cancer type in women. Several therapeutic strategies have been explored to
reduce the mortality rates of breast cancer. Chemotherapy is the most commonly used systemic
treatment, but associated with numerous side-effects. Development of anticancer agents with
high efficacy and minimal negative effects is therefore an important focus of research. Natural
materials provide an excellent source of bioactive compounds. For instance, Garcinia porrecta
from the Clusiaceae family has multiple pharmacological activities, including antioxidant, anti-
inflammatory, antibacterial, antiviral, anti-HIV, antidepressant, and anticancer properties.
Purpose: The main objective of this study was to investigate the potential anticancer effects
of compounds extracted from the bark of G. porrecta.

Materials and Methods: Our experiments were divided into three steps: (1) chromatographic
isolation of compounds using various separation techniques, such as extraction, separation and
purification, (2) characterization via infrared (IR), nuclear magnetic resonance (NMR) and mass
spectroscopy, and (3) evaluation of anticancer activity in vitro (MTT assay) and in silico (via
analysis of molecular docking against caspase-9, tumor necrosis factor alpha (TNF-a), estrogen
receptor alpha (ER-a), and human epidermal growth factor receptor 2 (HER-2)).

Results: Depsidone (1) and benzophenone (2) from the ethyl acetate extract of bark of
G. porrecta were identified as bioactive components. Examination of the activities of these
compounds against MCF-7 cells revealed an ICsy value of 119.3 pg/mL for benzophenone,
whereas 1Csq for depsidone could not be estimated. Benzophenone activity was lower than
that of the positive control doxorubicin (6.9 pg/mL). Depsidone showed the highest binding
affinity for HER-2 (—9.2 kcal.mol-1) and benzophenone for ER-a (—8.0 kcal.mol-1).
Conclusion: Benzophenone displays potency as an anticancer agent through blocking ER-a.
Keywords: Garcinia porrecta, Clusiaceae, phenolic, MCF-7 cells, in vitro, in silico

Introduction

Breast cancer is the most commonly diagnosed cancer type in Indonesia.' Several
therapeutic strategies have been explored over recent years in addition to surgery,
radiotherapy and chemotherapy.” Chemotherapy is the standard treatment regimen
for multiple tumor types, including breast cancer.” However, one major limitation is
the bystander effect whereby normal cells are eliminated along with cancer cells.*
Moreover, a number of chemotherapeutic drugs induce negative side-effects and
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chronic toxicities that may be irreversible, particularly in
the heart, lung, and kidney.’

The MCF-7 cancer cell line has complex morphologi-
cal and molecular characteristics. An important marker for
prognosis is the presence of estrogen receptor (ER).°
Around 60% breast cancer cells overexpress estrogen
receptor-a. (ER-a),” which plays an important role in tran-
scription of nuclear DNA essential for mammary gland
development® and is necessary for the breast cancer sig-
naling network.” ER-a additionally regulates cell prolif-
eration  and  differentiation = through  paracrine
mechanisms.'® These findings support the utility of ER-a
as a potential molecular target for inhibiting the progres-
sion of malignant cells. The development of molecular
targeted drugs with anticancer efficacy is a predominant
focus of current research efforts.

The search for novel bioactive compounds as therapeu-
tic agents for deadly diseases, such as breast cancer, is an
ongoing a hot topic and numerous potential drug designs
have been explored as pharmacological treatments.''
Active components of many herbal remedies are under
extensive investigation in view of their affordability, with
the aim of improving therapeutic efficacy and minimizing
side-effects.'? In vitro and in vivo approaches and studies
on molecular mechanisms are commonly employed to
evaluate the active components of natural products.
Additionally, computational methods have been widely
used for the prediction and design of anticancer drugs.'?

Selection of drug candidates and isolation of novel bioac-
tive compounds from plants are necessary preliminary steps
for identification of effective anticancer agents. Structure—
activity relationship (SAR) analyses are frequently utilized to
determine candidates that are specific, effective, and selec-
tive for target receptors. To establish the molecular mechan-
isms of action of novel bioactive compounds, in silico
clinical trials that effectively simulate and model the interac-
tions between chemical molecules and binding targets are
conducted,'* generating data that support in vitro and in vivo
findings and accelerating the drug discovery process.

The Clusiaceae or Guttiferac family belongs to the
Malpighiales order comprising 40 to 50 genera with
1000 species of herbs, shrubs, and trees that thrive
throughout tropical and subtropical areas. One of the gen-
era belonging to this family is Garcinia, distributed in
India, Indonesia, West and Central Africa, and Brazil."
Various genera of Garcinia have been used as folk medi-
cine for treating cancer, oxidative stress, inflammation,
and infectious disorders.'® Several chemical classes of

identified
benzophenones,*

Garcinia have been
17-22

to date,
anthocyanins

including
xanthones, and
bioflavonoids.>**> These phytochemical compounds have
multiple pharmacological activities, including antioxidant,
anti-inflammatory, antibacterial, antiviral, anti-HIV, anti-
depressant, and anticancer properties.'®

Garcinia porrecta is a tropical-flowering tree that
grows abundantly in Indonesia. Plant parts such as fruit,
pericarp, leaf, bark, and stem, are traditionally used as
medication for fever. Three xanthone (dulxanthone E-G)
isolates from bark of G. porrecta with strong cytotoxic
activity against murine leukemia L1210 cells have been
identified.”® In the current study, the anticancer activity of
phytochemical extracts of G. porrecta bark was investi-
gated against breast cancer cells. Previously, we isolated
a novel polyoxygenated dimer-type xanthone, 5.5'-oxybis
(1,3,7-trihydroxy-9H-xanthen-9-one),?’ from ethyl acetate
extract of G. porrecta. Here, we present the isolation and
structural determination of two compounds, depsidone (1)
and benzophenone (2) derivatives, from G. porrecta
(Figure 1). The cytotoxicity of these newly isolated com-

pounds against the human breast cancer cell line MCF-7,
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Figure | Chemical structures of compounds | (depsidone derivative) and 2
(benzophenone derivative).
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were examined with the MTT assay and molecular dock-
ing simulations conducted to validate our in vitro findings.

Materials and Methods

Materials
G. porrecta bark was collected from Bogor Botanical
Garden (Bogor, Indonesia) in April 2019. The plant was
identified and deposited in the Herbarium Bogoriense (No.
IV.K.78a;
Development,

Center of Biological Research and

National Institute of Science, Bogor,
Indonesia). Distilled organic solvents used for extraction
and purification included methanol, n-hexane, ethyl acet-
ate, acetone, ethanol, and distilled water, while the chemi-
cals for spectroscopic analysis were used pro-analyzed (p.
a) grades. Chromatographic separations were conducted
on Silica G 60 (0.063—-0.200 mm and 0.200-0.500 mm)
(Merck, Darmstadt, Germany) and ODS RP-18 (0.040-
0.063 mm) (Merck) columns. Silica G 60 F,s4 plates
(0.25 mm, Merck) and ODS RP-18 F,s4S plates were
used for thin-layer chromatography (TLC) and detection
achieved by spraying with 5% AICl; in ethanol (v/v),
followed by heating.

Human breast cancer cell line (MCF-7 ATCC-HBT
-22TM) was used in this study. This cell line was
a generous gift from Prof. Ahmad Faried, dr., PhD.,
SpBS(K), FICS (Faculty of Medicine,
Padjadjaran) and the use of these cells was approved
by the Research Ethics
Padjadjaran. MCF-7 cells were suspended in Roswell
Park Memorial Institute (RPMI) 1640 medium supple-
mented with 10% fetal bovine serum solution (Gibco),
2% penicillin-streptomycin, and 0.5% Fungizone
(Gibco) and added by RPMI 1640 media 100% and
incubated for 2-3 days at 37°C in a 5% CO, incubator.
The number

Universitas

Committee Universitas

of wviable cells was counted using
a hemocytometer.

The three-dimensional structure of caspase 9 used in
the computational study was obtained from the Protein
Data Bank (PDB) ID: INW9. TNF-a (PDB ID: 1TNF),
ER-a (PDB ID: 1A52), and HER-2 (PDB ID: 3PP0) were
used for screening of compounds with activity against
breast cancer cells. 3D structures were retrieved from the
RSCB Protein Data Bank (https://www.rcsb.org/) in PDB

format. Doxorubicin (CID 31703) was used as a positive

control ligand as for compounds 1 and 2 ligands retrieved
from the PubChem compound database (https://pubchem.

ncbi.nlm.nih.gov/) in SDF format and converted to PDB
format with Open Babel 2.4.2 program.

Instruments

The chemical structures of isolated compounds were deter-
mined using a Fourier transform infra-red spectrophot-
ometer (FTIR) Shimadzu 8400 instrument. 1D and 2D
NMR spectra were recorded on a Bruker Avance-600
spectrometer (at 600 MHz for 'H and 150 MHz for '*C)
using tetramethylsilane (TMS) as an internal standard
(Billerica, MA, USA). Mass spectrometry (MS) was per-
formed with a Waters Xevo QTOFMS instrument (Waters,
Milford, MA, USA). TLC plates were visualized with UV
detector lamps at 254 and 365 nm. For the cytotoxicity
assay, 96-well microplates, micropipettes, microtubes,
incubators, and Biochrom microplate readers were used.

Isolation of Components of G. porrecta

Bark
Air-dried bark of G. porrecta (2 kg) was ground into powder
and extracted with n-hexane (52 L), ethyl acetate (5%2 L)
and methanol (5%2 L) at room temperature. Solvents were
concentrated with a rotary evaporator under pressure to yield
crude n-hexane (21 g), ethyl acetate (12.5 g), and methanol
(25 g) extracts. The ethyl acetate extract (12.5 g) was frac-
tionated via vacuum liquid chromatography on Silica G 60
using a gradient of n-hexane-ethyl acetate-methanol (0:100;
v/v, each 1 L) to obtain eight fractions (A-H).

Fraction F (2.07 g) was further fractionated via Silica
G 60 (0.063—-0.200 mm) column chromatography using
a combination of n-hexane-ethyl acetate-methanol solvents
(5.5:4:0.5) for elution, resulting in nine subfractions (F1-
F9). The F8 (287 mg) subfraction was purified via column
chromatography on an ODS RP-18 column and eluted
using H,O-MeOH at a gradient of 10% (v/v) to yield
compounds 1 (15.7 mg) and 2 (5.5 mg).

Cytotoxicity Assay of Compounds | and 2
The cytotoxicity of isolated compounds against human
breast cancer MCF-7 cells was examined using the
3-[4,5-dimethylthiazol-2-yl]-2,5-diphenyltetrazolium bro-
mide (MTT) method. The stock culture was grown in
flasks containing RPMI supplemented with 10% (v/v)
fetal bovine serum (FBS) and 1% (v/v) penicillin-
streptomycin and incubated at 37°C for 24 h. After the
medium was changed, MCF-7 cells were detached and
seeded in 96-well microtiter plates. After 24 h, the
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compounds were added to the wells. Cell viability was
determined after 48 h by measuring the metabolic conver-
sion of the yellow salt of 3-(4,5-dimethylthiazol-2-yl)-
2,5-diphenyltetrazolium bromide to insoluble formazan,
a purple colored product resulting from its reduction in
viable cells. Insoluble formazan was diluted with
DMSO.**

Data from the
a microplate reader at 450 nm. Eight concentrations of
all the compounds were evaluated (7.81, 15.63, 31.25,
62.50, 125.00, 250.00, 500.00, 1000.00 pg/mL) in 100%
DMSO, with a final concentration of 2.5% DMSO in each

well.

MTT assay were read using

Cytotoxic activity was expressed as ICso and analyzed
using a linear regression equation. The percentage of cell

viability was calculated as follows:

Apreated cell — Amedi
— reated ce; medium x 100%

Acontrol cell — Amedium

A = Absorbance

Molecular Docking of Caspase 9/TNF-o/
ER-a/HER-2 with Compounds | and 2

Autodock Vina is open-source software in PyRx 0.8 used
for ligand-protein docking and virtual screening for antic-
ancer activity of compounds 1 and 2. Binding of com-
pounds 1 and 2 and doxorubicin to caspase 9, TNF-q,
ER-a, and HER-2 protein targets was examined and the
ligand was free for bind docking. Conformations were
selected based on binding energy, specifically, that with
the lowest binding affinity score with a root-mean-square
deviation value less than 1.0A.

Docking results were visualized with PYMOL and
analyzed using the Discovery Studio 2020 Client program.
Ligand-residue interactions and docking poses in the
3-dimensional molecular images are shown in PYMOL
program. Next, these interactions were observed in three-
dimensional molecular images for optimal visualization
using the Discovery Studio 2020 Client program. The
docking pose of each protein-ligand complex was com-
pared to the three-dimensional structures of caspase 9,
TNF-0, ER-0, and HER-2 bound to ligands on fatty acid
sites. The similarities with ligation pose of compounds
bound to fatty acid sites were determined and the relation
of the docking pose of the ligands and protein targets

analyzed.

Results
Structural Characterization of
Compounds | and 2 from Bark of

G. porrecta
Detailed structural characterization of compounds 1 and 2
are provided below based on the data interpretation spec-
troscopic results, including FTIR, HR-TOFMS "H-NMR,
and "*C-NMR.

Spectral data of compound 1 are as follows: IR:
3200, 2653, 1677, and 1600 cm ! (Supplementary
Material 1). HR-TOFMS (positive ion mode) (m/z):
273.0395. 'H-NMR (500 MHz, acetone-dg): &y 6.8
(1H, d, 8.0 Hz, H-1), 7.4 (1H, dd, 8.0; 2.0 Hz, H-2),
7.5 (1H, d, 2.0 Hz, H-4), 6.8 (1H, d, 8.0 Hz, H-6), 7.4
(1H, dd, 8.0; 2.0 Hz, H-7), 7.5 ppm (1H, d, 2 Hz, H-9)
(Supplementary Material 3). '*C-NMR (125 MHz,
acetone-dg): d¢ 115.6 (C-1), 123.6 (C-2), 150.6 (C-3),
117.4 (C-4), 145.5 (C-4a), 167.5 (C-5), 123.1 (C-5a),
115.6 (C-6), 123.6 (C-7), 150.6 (C-8), 117.4 (C-9),
145.5 (C-9a), 167.5 (C-10), 123.1 ppm (C-10a)
(Supplementary Material 4).

Spectral data of compound 2 are as follows: IR:
3381, 2969, 1597, 1475 c¢cm ' (Supplementary Material
2). HR-TOFMS (positive ion mode) (m/z): 291.0859.
"H-NMR (500 MHz, acetone-dg): oy 6.2 (1H, s, H-3),
6.2 (1H, s, H-5), 6.7 (1H, d, 2.0 Hz, H-2"), 6.5 (1H, t,
2.0 Hz, H-4"), 6.7 (1H, d, 2.0 Hz, H-6"), 3.6 (3H, s,
2-OMe), 3.6 ppm (3H, s, 6-OMe) (Supplementary
Material 5). '*C-NMR (125 MHz, acetone-dg): 6c 111
(C-1), 161 (C-2), 92.6 (C-3), 159.3 (C-4), 92.6 (C-5),
161 (C-6), 195 (C-7), 141.7 (C-1'), 108.3 (C-2'), 159.4
(C-3"), 108.1 (C-4), 159.4 (C-5"), 108.3 (C-6"), 55.9
(2-OMe), 55.9 ppm (6-OMe) (Supplementary
Material 6).

Compound 1 was obtained as a pale yellow crystal and
HR-TOFMS revealed an ion peak m/z 273.0395 [M+H]"
corresponding to the molecular formula C,4,HgO¢ with 11

degrees. The IR spectrum contained absorption bands at
Vmax 3200 (hydroxyl), 2653 (C-H stretching of aliphatic
groups), 1677 (carbonyl), and 1600 cm™' (aromatic C=C),
respectively.

The 'H-NMR spectrum displayed signals corre-
sponding to two doublet aromatic protons at oy 6.8
(1H, d, J = 8.5 Hz, H-1,6) and 7.5 (1H, d, J = 2 Hz,
H-2,7) as well as one double doublet aromatic proton at
3y 7.4 (1H, dd, J = 8.5 and 2 Hz, H-4,9). The >*C-NMR
spectrum contained 14 signals attributable to two
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benzene rings and two carbonyl carbons. These signals
were classified by their chemical shifts on distortionless
enhancement by polarisation transfer (DEPT) and het-
eronuclear single-quantum correlation (HSQC) spectra
as six sp” methine carbons, four sp® oxygenated car-
bons, two sp? quaternary carbons, and two carbonyl
carbons at 6c 167.5 ppm.

The heteronuclear multiple-bond correlation (HMBC)
spectrum showed correlations from H-4,9 (6y 7.5) to
C-4a,9a (¢ 145.5) and C-3,8 (8¢ 150.6), confirming the
location of a hydroxyl group at the 3,8-position (Figure 2).
The carbonyl position was determined on the basis of
correlations from H-4,9 (8y 7.5) to C-5,10 (6¢c 167.5).
Another aromatic proton was identified at the 2,7-position
based on correlations from H-2,7 (6y 7.4) to C-4,9 (3¢
117.4), C-3,8 (8¢ 150.6) and at the 1,6-position based on
correlations from H-1,6 (dy 6.8) to C-3,8 (d¢c 150.6),
C-4a,9a (8¢ 145.5), C-2,7 (8¢ 123.6), and C-5a,10a (5¢
123.1). '"H-'"H COSY and further HMBC correlation data
were in agreement with this finding, leading to the identi-
fication of the compound as a depsidone derivative (1), as
shown in Figure 1.

10a 9a 8

Compound 2 was obtained as a yellow-brown gum
with a molecular weight (m/z) of 291.0859 [M+H]" corre-
sponding to a molecular formula of C;sH;404 with nine
degrees. The IR spectrum exhibited absorption bands at
Vinax 3381 (hydroxyl), 2969 (C-H stretching of aliphatic
bond), 1597 (carbonyl), and 1475 cm ™' (aromatic C=C),
respectively.

The '"H-NMR spectrum contained signals corre-
sponding to a singlet aromatic proton at dy 6.2 (1H, s,
H-3,5), two aromatic methoxy groups at dy 3.6 (3H, s,
OCH3-2,6), two doublet aromatic protons at dy 6.7 (1H,
d, J =2 Hz, H-2',6") and a triplet aromatic proton at dy
6.5 (1H, t, J = 2 Hz, H-4"). The "*C-NMR spectrum
exhibited 15 signals attributable to two benzene rings
and one carbonyl carbon. These signals were classified
by their chemical shifts on DEPT and HSQC spectra as
five sp? methine carbons, five sp® oxygenated carbons,
two sp° oxygenated carbons (methoxy), and a carbonyl
carbon at 3¢ 195 ppm.

The HMBC spectrum showed correlations from OCH;3-2,6
®g 3.6) to C-2,6 (5c 161), confirming the presence of
a methoxy group at the 2,6-position (Figure 2). The carbonyl
position was determined on the basis of the correlation from
H-2',6' (8y 6.7) to C-7 (8¢ 195). Another aromatic proton was
determined at the 3,5-position based on correlations from
H-3,5 0y 6.2) to C-1 (5¢c 111) and C-2,6 (8¢ 161).
'H-"H COSY and further HMBC correlations were in agree-
ment with this finding, leading to the identification of the
compound as a benzophenone derivative (2), as shown in

Figure 1.

Cytotoxic Bioassay of Compounds | and 2
The cytotoxic activities of compounds 1 and 2 were evalu-
ated against the MCF-7 breast cancer cell line according to
a previously published method.*® The isolated compounds
were considered active inhibitors of cell growth at IC5y <20
pg/mL, moderately cytotoxic at 21-200 pg/mL, weakly

Table | Binding Affinities of Ligand-Protein Complexes

Binding Affinity (kcal.molf')
Ligand Caspase 9 | TNF-a ER-a HER-2
Compound | —6.3 -6.0 -6.7 -9.2
Compound 2 —6.0 -5.3 -8.0 -6.7
Doxorubicin -6.0 —6.3 NE NE
Tamoxifen NE NE -5.6 NE
Herceptin NE NE NE 7.3
Figure 2 Selected HMBC correlations for compounds | and 2. Abbreviation: NE, not estimable.
Drug Design, Development and Therapy 2021:15 htps: 3527
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Table 2 Hydrophilic Interactions of Ligand-Protein Complexes
Interacting Residues of Ligand-Protein Complexes
Ligand Caspase 9 TNF-o ER-a HER-2
Compound | Arg286, Tyr329, Tyr265, Asn46, Leu26, Glu330, Asp332, Arg335, Tyr331, Asp808, Gly729, Thr862, Val734,
Arg268 Alal34 Leu345 Cys805, Ala751, Lys753, Leu852
Compound 2 Thr308, Trp323, Tyr324, Leu26, Trp28, Glu353, Gly521, His524, Phe404, Cys805, Arg849, Leu726, Asp863,
Asp309, Leu307, Trp310 GIn47, Ser133 Ala350, Leu387, Leu39l, Leu525 Val734, Leu852, Lys753, Ala751
Doxorubicin Tyr329 Tyrl 19 NE NE
Tamoxifen NE NE - NE
Herceptin NE NE NE Asn850, Asp808, Arg849, Cys805

Abbreviation: NE, not estimable.

cytotoxic at 201-500 pg/mL, and not cytotoxic at ICs5o >501
ng/mL.?*>% According to these thresholds, the cytotoxicity
of depsidone (1) could not be estimated (NE) since cell
viability was >80% while benzophenone (2) exerted
a cytotoxic effect with an 1Csq value of 119.3 pg/mL. The

A

Figure 3 Binding sites on caspase 9 for 2 (A) and | (B).

anticancer activity of doxorubicin against MCF-7 was addi-
tionally compared as a positive control. The ICsq value of
doxorubicin was determined as ~6.9 pg/mL using the linear
regression equation. The plot of the MTT assay of these
compounds are shown in the Supplementary Materials 7-9.
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Molecular Interactions of Compounds |
and 2 with Caspase 9/TNF-o/ER-0/HER-2

Following the in vitro cytotoxicity assay of depsidone (1)
and benzophenone (2), the molecular mechanisms of
action were predicted via computational simulation.
Estrogen receptors (ER) are a group of receptor proteins
activated by estrogen hormones (17B-estradiol).>’ The
MCF-7 cell line is ER-o-positive and proliferates in
response to estradiol.*> Here, we examined interactions
of the novel isolated compounds with ligand binding
domains (LBD) of caspase 9/TNF-o/ER-o/HER-2. The
strength of interactions between each compound and ER-
o was determined from the relative binding affinity (RBA).

Tables 1 and 2 present interpretations of the docking
results (binding affinity and hydrophilic interactions) for

~ SER133

A

Figure 4 Binding sites on TNF-o for 2 (A) and I (B).

compound 1, compound 2, doxorubicin, tamoxifen and
herceptin against caspase-9, TNF-0, ER-a, and HER-2,
respectively.

Binding affinity of the 1-HER-2
complex showed the greatest value (—9.2 Kcal/mol) relative

compound

to the other complexes while the highest value was obtained
for the compound 2-ER-a (—8.0 Kcal/mol).

In terms of the ligand-caspase 9 complex, binding
affinity of compound 1-caspase 9 was greater than doxor-
ubicin-caspase 9 and compound 2—caspase 9 complexes,
which had similar binding affinities. However, the binding
pockets of compound 1-—caspase 9 and doxorubicin—cas-
pase 9 complexes were in the same position, as character-
ized by interactions with the same residue (Tyr329).
Compound 1-Caspase 9 displayed more hydrophilic

26
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interactions relative to the doxorubicin—caspase 9 complex
(Figure 3).

The binding affinities of compounds 1 and 2 for
TNF-0 were lower than that of doxorubicin, but to
a non-significant extent, with values of —6.0, —5.3, and
—6.3 Kcal/mol, respectively. The ligand-TNF-o com-
plexes utilized the same binding pocket, as shown in
Figure 4.

For the ligand—ER-a complex, the binding affinity of
compound 2—ER-a was higher compared to compound 1—
ER-a and tamoxifen—ER-a complexes (—8.0, —6.7, and —5.6
Kcal/mol, respectively). Figure 5 shows the similarity in
binding pockets between complexes of compounds 1 and 2
with ER-a although the residual bonds were different.

The binding affinities of compound 1, compound 2 and
herceptin to HER-2 were —9.2, —6.7, and —7.3 Kcal/mol,
respectively, with compound 1 displaying the highest affi-
nity. We observed binding of Asp808, Arg849, and
Cys805 residues to all the ligands tested (Figure 6).

Figure 5 Binding sites on ER-o for 2 (A) and | (B).

Discussion

The cytotoxic activities of compounds 1 and 2 were
evaluated via the MTT assay, a classic, simple, and eco-
nomical colorimetric method for evaluating anticancer
properties.

The viability of MCF-7 cell lines after exposure to a range
of concentrations of each compound (7.81 to 1000 pg/mL) for
24 h was assessed using DMSO as a negative control. At
a final concentration of 2.5% DMSO and lower (same percen-
tage of DMSO at all compound concentrations), cell viability
was not affected. Untreated cells represented the control group
and were considered 100% viable.

According to the results, compound 1 induced no obvious
inhibition of MCF-7 cell viability at all tested concentrations.
The ICsq value could not be extrapolated and >80% cell
viability was observed with all the experimental concentra-
tions. Meanwhile, our novel compound 2 clearly exerted
a cytotoxic effect, inducing inhibition of cell viability with an
ICsq value of 119.3 pg/mL. However, the cytotoxic effect of
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Figure 6 Binding sites on HER-2 for 2 (A) and | (B).

compound 2 was significantly lower than that of the available
anticancer agent, doxorubicin (ICsq 0f 6.99 ug/mL). The ICs
value of doxorubicin against MCF-7 cell lines has been
previously reported as 0.417 pg/mL.*?

Docking experiments showed that compound 2 was more
effective in inhibiting ER-a activity while compound 1 was
more effective against HER-2, as indicated by the greater
binding affinity values compared to other compounds.
Binding affinity depicts the strength of the ligand-protein
bond, whereby greater negative affinity is correlated with
a more stable and stronger bond. Hydrophilic interactions,
such as hydrogen bonds, play an important role in determin-
ing binding affinity value and affect the stability of ligand-

protein complexes owing to stronger interactions.>**>

u8s2

In experiments on ligand—ER-o complex formation,
compound 2 had the highest binding affinity, suggesting
efficient occupation of the active ER-a pocket. Compound
2 displayed more hydrophilic bonds (Glu353, Gly521,
His524, Phe404, Ala350, Leu387, Leu391, Leu525) rela-
tive to compound 1 and tamoxifen. Glu353A, Ala350,
His524, Phe404, Leu387, Leu391 and Leu525 residues
are located at the active pocket of ER-0.°° No residual
similarity was evident between the complexes of com-
pound 1-ER-a and compound 2-ER-a. However, binding
sides of the residues are sufficiently close to allow compe-
tition between the two.

Compound 1 showed the greatest binding affinity (9.2
Kcal/mol) to HER-2, a growth factor receptor with

Drug Design, Development and Therapy 2021:15
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implications in cancer, compared to compound 2 and her-
ceptin. Heterodimerization of cancer is mediated by HER-
227 In our experiments, Asp808, Arg849, and Cys805
residues bound to all test ligands within similar binding
pockets, which could potentially lead to competition, espe-
cially between compounds 1 and 2 displaying the same
number of hydrophilic interactions.

Doxorubicin is often used in the treatment of breast
cancer based on induction of higher activities of caspase 9
protein and TNF-0.*®*° The docking results of ligand—
caspase 9 complexes showed that all ligands had similar
binding affinity and activity against caspase 9. In particu-
lar, the Tyr329 residue was involved in hydrophilic inter-
actions of compound 1-caspase 9 and doxorubicin—
caspase 9 complexes. In terms of ligand—-TNF-o com-
plexes, compound 1 was predicted to have equivalent
activity as doxorubicin, but with different binding pocket
positions, therefore leading to no competitive reactions.

Conclusion

Novel depsidone (1) and benzophenone (2) derivatives
were isolated from stem bark of G. porrecta belonging to
the Clusiaceae family for the first time. Compound 1
showed no inhibitory activity against the human breast
cancer cell line MCF-7 while compound 2 induced inhibi-
tion with an ICsq value of 119.3 pg/mL. Docking simula-
tion and binding affinity experiments revealed that
compound 1 was more effective in inhibiting HER-2
while compound 2 was more effective against ER-a. Our
data support the utility of G. porrecta as a natural plant
source of potentially therapeutic bioactive compounds. In
view of the collective findings, further research on drug
discovery from Garcinia genus, including in vitro, in vivo
and clinical studies, is warranted.
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