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Garcinia hombroniana (seashore mangosteen) in Malaysia is used to treat itching and as a protective med-
icine after child birth. This study was aimed to investigate the bioactive chemical constituents of the bark
of G. hombroniana. Ethyl acetate and dichloromethane extracts of G. hombroniana yielded two new (1, 9)
and thirteen known compounds which were characterized by the spectral techniques of NMR, UV, IR and

KeyV‘{O_TdS-‘ ] EI/ESI-MS, and identified as; 2,3',4,5'-tetrahydroxy-6-methoxybenzophenone (1), 2,3',4,4'-tetrahydroxy-
gar]c(zma hombroniana 6-methoxybenzophenone (2), 2,3',4,6-tetrahydroxybenzophenone (3), 1,3,6,7-tetrahydroxyxanthone
BZ;zophenones (4), 3,3',4',5,7-pentahydroxyflavone (5),3,3',5,5,7-pentahydroxyflavanone (6), 3,3',4',5,5,7-hexahydr-

oxyflavone (7), 4',5,7-trihydroxyflavanone-7-rutinoside (8), 18(13 — 17)-abeo-3p-acetoxy-9a,134-
lanost-24E-en-26-oic acid (9), garcihombronane B (10), garcihombronane D (11), friedelan-3-one (12),
lupeol (13), stigmasterol (14) and stigmasterol glucoside (15). In the in vitro cytotoxicity against MCF-
7, DBTRG, U20S and PC-3 cell lines, compounds 1 and 9 displayed good cytotoxic effects against DBTRG
cancer cell lines. Compounds 1-8 were also found to possess significant antioxidant activities. Owing to
these properties, this study can be further extended to explore more significant bioactive components of

Triterpenes
Cytotoxicity
Antioxidant activities

this plant.

© 2014 Elsevier Inc. All rights reserved.

1. Introduction

The genus Garcinia belonging to family Clusiaceae is used for
the treatment of abdominal pain, suppuration, infections, leucor-
rhoea, ulcer and gonorrhea in folk medicine [1-4]. It is a rich source
of prenylated xanthones and benzophenones, flavonoids and triter-
penes which are reported to display significant antimicrobial, anti-
inflammatory, anticancer and anti HIV activities [5-11]. Several
studies have shown the cytotoxicity of benzophenones and triter-
penes isolated from Garcinia genus [12,13]. For example, Yang et al.
[14] reported the significant cytotoxic effect of benzophenones
(guttiferones A and K) on HCT-11, HT-29 and SW-480 human colon
cancer cell lines with ICsq ranging from 5 to 25 puM. Likewise, the
study of Xu et al. [15] revealed the isolation of cytotoxic prenylated
benzophenones (garciyunnanins A and B) against HeLa-C3 sensor
cells and Elfita et al. [7] reported the cytotoxicity of a triterpene
(38-hydroxy-5-glutinen-28-oic acid) against MRC-5 cells isolated
from G. cymosa.

* Corresponding author. Fax: +60 46574854.
E-mail address: melati@usm.my (M. Khairuddean).
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G. hombroniana, a seashore mangosteen in Peninsular Malaysia
is used to relieve itching and as a protective medicine against
infections after childbirth [16]. The previous phytochemical inves-
tigation on pericarp, leaves and twigs of G. hombroniana showed
the presence of xanthones, flavonoids and triterpenes [17-19] with
significant LDL antioxidation and antiplatelet aggregation activities
[20]. So far, to the best of the authors’ knowledge, there is no
authentic phytochemical and biological investigation on the bark
and on the cytotoxic potential of the randomly isolated benzophe-
nones and triterpenes from G. hombroniana. Taking this into con-
sideration, the present study was carried out to investigate the
bark of G. hombroniana for its bioactive chemical constituents. This
paper describes the isolation, characterization, cytotoxic and anti-
oxidant activities of the constituents 1-15 (Fig. 1).

2. Experimental
2.1. Plant materials
The plant materials were collected from Penang Botanical Gar-

den, Penang. A voucher specimen (PBGK12) has been deposited at
the herbarium of this Garden.
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Fig. 1. Chemical structures of compounds 1-16.
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2.2. Chemicals and reagents

The chemicals of cytotoxic activity; DBTRG (glioma), MCF-7
(human breast cancer), U20S (osteosarcoma) and PC-3 (prostate)
cell lines were purchased from Sigma-Aldrich (USA). The
chemicals of antioxidant activities; DPPH (2,2-diphenyl-1-pic-
rylhydrazyl), ABTS (2,2’-azino-bis-3-ethyl benzthiazoline-6-sul-
phonic acid), TPTZ (2,4,6-tripyridyl-s-triazine), trolox and gallic
acid were purchased from Sigma-Aldrich (Steinheim, Germany)
and Merck (Darmstadt, Germany). All the solvents used in the
extraction and isolation were of analytical grade.

2.3. Apparatus and instruments

Merck TLC plates (silica gel 60 F»s4) were used to monitor the
purity of compounds and visualized with a UV lamp (Vilber Lour-
net, multiband UV-254/356 nm), and/or by spraying with 95%
methanolic H,SO, and Libermann-Burchard’s reagent followed
by heating at 100-105 °C. Melting points were determined using
a Stuart Scientific Melting Point SMP1 (UK). UV spectra were mea-
sured using a Perkin Elmer, Lambda 25 UV/Vis spectrometer. IR
spectra were recorded in KBr using Perkin Elmer (USA) 2000 FT-
IR spectrophotometer. The EI/ESI-MS analyses were carried out in
the Mass Spectrometry Lab, National University Singapore (NUS).
NMR experiments were performed using a Bruker Ascend
500 MHz ('H) and 125 MHz (!3C) spectrometer (Bruker Biospin,
Switzerland).

2.4. Extraction, isolation and purification

The air dried ground bark (5.2 kg) of G. hombroniana was
sequentially extracted using Soxhlet extractor with n-hexane
(CeH14), dichloromethane (DCM), chloroform (CHCl3), ethyl acetate
(EtOAc) and methanol (MeOH) at 40 °C. The filtered extracts were
evaporated to dryness using a rotary evaporator at 40 °C to give a
30.1 g of n-hexane extract, 50.0 g dichloromethane extract, 5.0 g of
a chloroform extract, 18.0 g of ethyl acetate extract and 30.1 g of a
methanol extract.

An EtOAc extract (18.0 g) was chromatographed over silica gel
using CHCl3 as a packing solvent. The elution was carried out using
CHCl5 (100%), CHCl3/EtOAc (9:1 to 0:10) and EtOAc/MeOH (9.5:0.5
to 8.5:1.5). Seven major combined fractions of the 42 sub-fractions
were obtained and separated using silica gel CC. The sub fraction
EFAG (4.0 g) of yellow spots on TLC after treating with 5% methano-
lic H,SO4, was preceded to silica gel CC with solvent systems of
CHCl3, CHCl3/Me,CO and MeOH and fractions EFA6b1 to EFA6b35
were collected. Sub-fraction EFA6b2 which was further separated
on CC, afforded compound 1 (120.0 mg) with 3:2 (v/v) CHCl3/Me;.
CO. This was recrystalised from CHCl3/MeOH (9:1). After further
separation, the sub-fractions EFA6b10 to EFA6b12 yielded a yellow
compound 4 in small yield with a solvent blend of CHCl;/MeOH
(8.5:1.5) on silica gel CC. Fractions EFA6b21 to EFA6b24 afforded
compound 3 with EtOAc/MeOH (9:1). A combined fraction
obtained by the CC of the sub-fractions EFA6b27 to EFA6b33 also
gave a yellow spot accompanying by some other yellow compo-
nents which on further silica gel CC with 100% CHCl3 and a mixture
of CHCl3/MeOH gave compounds 2 and 8 when eluting with CHCls/
MeOH (9:1 and 8:2), respectively.

A dried sub fraction EFA2 on dissolving in CHCl3, gave a white
precipitated solid which was found pure as compound 15
(30 mg) by TLC analysis as a single dark purple spot after treating
with 95% methanolic H,SO4. The TLC analysis of fraction EFA4
(1.0 g) which showed few major yellow spots was chromato-
graphed eluting with EtOAc/MeOH, afforded compounds 5, 6 and 7.

The DCM extract (17.0 g) was subjected to a series of silica gel
CC purification and thoroughly eluted with a solvent systems of

n-CgH14/EtOAc and EtOAc/MeOH in a polarity gradient manner
(1:0,9:1, 8:2,7:3,6:4,1:1,4:6,3:7,2:8 and 0:10 and finally flushed
with methanol. Nine main fractions (DFB1 to DFB9) were obtained.
Fraction DFB1 (4.0 g) was preceded for silica gel CC. Sub fractions,
DSFBa6 to DSFBa8 collected with n-CgH14/EtOAc (8.0:2) were pure,
combined and recrystalized from n-CgH4/MeOH (9.5:0.5) to give
compound 12 (500 mg) in the form of white crystals. Fraction
DFB2 (1.0 g) was applied to silica gel CC eluted with a mixture of
n-CgH14/EtOAc in a polarity-gradient manner to give 15 fractions
(DSFBb1 to DSFBb15). DSFBb7 to DSFBb10 with n-CgHi4/EtOAC
(8.5:1.5) were almost pure and afforded compound 14 (60.0 mg)
on recrystallization from MeOH. Fraction DFB3 (180.0 mg) was
rechromatographed with n-CgH14/EtOAc to give 10 sub-fractions
DSFBc1 to DSFBc10. Sub-fractions DSFBc4 to DSFBc7 were com-
bined and rechromatographed to afford compound 13 (20.0 mg).
The fraction DFB7 (1.53 g) which showed three spots with purplish
pink colour with Liebermann-Burchard’s reagents was rechroma-
tographed and eluted with a mixture of CHCI3/EtOAc to give 30
fractions, DSFBe1 to DSFBe30. Sub-fractions DSFBe10 to DSFBe24
were combined again and eluted with EtOAc/MeOH (9:1) to yield
compound 10 (50.0 mg) as a white precipitate while the filtrate
upon drying afforded a semi-pure solid which was rechromato-
graphed with EtOAc to yield compound 11 (7.0 mg) as a white
amorphous solid. Fraction DFB8 (200.0 mg) was rechromato-
graphed with n-CgH;4/EtOAc and EtOAc/MeOH to give 35 sub-frac-
tions of DSFBfl to DSFBf35. Sub-fractions DSFBf17 to DSFBf25,
showed a prominent purple spot on TLC plates which were com-
bined and on further CC with n-CgH;4/EtOAc and EtOAc/MeOH
yielded a gummy white compound 9 (10.0 mg).

2.4.1. 2,3 ,4,5'-tetrahydroxy-6-methoxybenzophenone (1)

Yellow crystals, mp: 243-246 °C; UV J,m (loge): 306 (3.66); IR
(KBr) Vecm~': 3545, 3300, 1635; 'H and '>C NMR: see Table 1;
EI-MS 70eV, m/z (rel. int.%): 276.1 [M]" (50) (calculated for
C14H1206), 259 (55), 167 (77), 58 (41), and 43 (100).

2.4.2. 18(13 — 17)-abeo-3p-acetoxy-9a,13p-lanost-24E-en-26-oic
acid (9)

White solid; mp: 128-130°C; UV A,m (loge): 227 (4.13); IR
(KBr) Vcm™': 3461, 1710; 'H and '>C NMR: see Table 2; ESI-HR
(positive mode): 555.30 [M+Na|" (100) (calculated for C3;Hs,06.
Na), 497 (30), 437 (95).

2.5. Cytotoxicity

The stock solutions of compounds 1 and 9 were prepared in the
concentrations of 10, 20, 30, 50 and 75 uM in DMSO. MCF-7 and
DBTRG cells were grown in the Roselle’s Park Memorial Institute
(RPMI) 1640 medium, U20S cells in the Dulbecco’s Modified
Eagle’s Medium (DMEM) and PC-3 in the Ham F12 K medium, all
of which were supplemented with 10% of fetal bovine serum and
100 units/mL penicillin. The cells were maintained at 37 °C in a
humidified condition, 5% of CO, in air and passage two to three
times per week by light trypsinization. Control cells received the
vehicle alone (<0.1%). A cytotoxicity detection kit was used to
determine the cytotoxic effects of 1 and 9 on the aforementioned
cell lines. This assay measures the amount of lactate dehydroge-
nase (LDH), a cytoplasmic enzyme, released by damaged cells into
the cell culture supernatant post-treatment. Cells were seeded in
24-well plates at 100,000 cells per ml and were allowed to attach
overnight to about 70% confluence. The medium was replaced with
fresh medium containing 2% of fetal bovine serum prior to expo-
sure of cells to 1 or 9 (10-75 uM) for up to 96 h. LDH assay was
performed according to the manufacturer’s instructions. The spec-
trophotometric absorbance of the colour generated was deter-
mined using a microplate reader at 490 and 620 nm referenced
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Table 1
'H, "H-"H NOESY, *C and '"H-"*C HMBC NMR data of 1 in MeOD-d,.
S. No. H B3¢
oy in ppm (multiplicity, J in Hz) TH-'H NOESY ¢ in ppm (C-Type)? TH-13C HMBC
1 108.0 (C)
2 162.7 (C)
3 6.02 (d, 2.1, 1 H) OMe 96.7 (CH) C-1, C-2, C-4, C-5, C-6
4 162.8 (C)
5 6.01(d, 2.1, 1 H) OMe 92.5 (CH) C-1, C-3, C-4, C-6
6 164.6 (C)
1 144.1 (C)
v 6.59 (d, 2.0, 1 H) OMe 107.9 (CH) C-3, C-4', C-5', CO
3 159.3 (C)
4 6.45 (t, 2.0, 1 H) 107.1 (CH) C-2', C-3', C-5, C-6/
5' 159.3 (C)
6’ 6.59 (d, 2.0, 1 H) OMe 107.9 (CH) C-3',C-4, C-5, CO
co 199.8 (C)
OMe 3.56 (s, 3 H) 56.0 (CH3) C-2, C-4
2 C-Type was deduced from DEPT 135, 90 and Q NMR experiments.
Table 2
'H, 3¢, "H-"H COSY, NOESY and 'H-'3C HMBC NMR data of 9 in MeOD-d,.
No. oy in ppm (multiplicity, J in Hz) ¢ in ppm (C-type)* 'H-'H COSY "H-"H NOESY "H-'3C HMBC
Ha Hb
1™ 2.01-1.97 (m) 1.63-1.62 (m) 29.8 (CHy) H2 H5, H7b €3, €9, C10, C19
2w 1.65-1.64 (m) 1.53-1.49 (m) 24.7 (CH,) H1 Me19, Me28 C3, C4
3 4.46 (dd, 9.0, 7.0) 82.4 (CH) H2 H5, Me29 C2, C4, C29, C31
4 38.6 (C)
5 1.63-1.62 (m) 46.7 (CH) H6 90H, Me29, Me30 C4, C28, C29
6% 1.63-1.62 (m) 1.37-1.31 (m) 22.7 (CHy) H7 C5, C8, C9
7% 1.65-1.64 (m) 1.53-1.49 (m) 24.6 (CHy) H6 C5, €8, C9
8 1.48-1.40 (m) 46.8 (CH) Me28 C6, C13, C14, C30
9 77.6 (C)
10 442 (C)
11 1.77-1.73 (m) 1.48-1.40 (m) 29.7 (CHy) H12 90H, Me30 9, C13
12Y 1.61-1.59 (m) 33.2 (CHy) H11 C9, C11, C17
13 84.7 (C)
14 50.2 (C)
152 1.48-1.40 (m) 40.4 (CHy) H16 H15a with Me30 C13, C14, C17, C30
167 1.61-1.59 (m) 1.26-1.25 (m) 38.1 (CHy) H15 C14, C17, C18, C30
17 52.8 (C)
18 0.83 (s) 17.5 (CHs) H20 C13, C16, C17, C20
19 0.97 (s) 16.9 (CH3) H2a, Me28 C5, €9, C10
20 1.89-1.84 (m) 40.1 (CH) Me18 C17,C18
21 0.87 (s) 15.5 (CHs) Me30 C17, €20, C22
22 1.89-1.84 (m) 0.97 (s) 33.1 (CHyp) H23 €23, C24, €25, C26
23 2.26-2.21 (m) 2.19-2.11 (m) 28.6 (CHy) H24 €22, C24, C25
24 6.83 (t, 7.0) 145.0 (CH) H23 €23, €26, C27
25 128.3 (C)
26 172.0 (C)
27 1.80 (s) 12.4 (CH;) C24, €25, C26
28 0.87 (s) 28.7 (CHs) H8 €29, €5, C29
29 0.89 (s) 17.0 (CHs) H5 €3, €28, C5
30 1.00 (s) 20.7 (CHs) Me21 c8, C13,C14
31 172.9 (C)
32 2.02 (s) 21.2 (CHs) Me19 C3,C31

w, X, y and z represent intra and intercrossed correlations in 'H-'H COSY.
In '"H-'H NOESY data, 'H-"H COSY correlations are omitted.
@ C-type was deduced from DEPT experiments.

wavelengths. The amount of LDH released was calculated accord-
ing to the formula recommended in the manufacturer’s protocol.
As a control for maximum releasable LDH activity, cells were trea-
ted with a lysis reagent containing 1% of triton X-100 for 10 min
while spontaneous LDH release was measured in the supernatant
of untreated cultures. Additional cell-free wells containing assay
medium alone were prepared for subtraction of absorption effects.
This control provides information about the LDH activity present in
the assay medium.

2.6. Antioxidant activities

Antioxidant activities of the compounds 1-15 were evaluated

by free radical scavenging capacities using DPPH [21] and ABTS
[22] and reducing power FRAP [21] assays. The compounds and
the standard solutions of trolox and gallic acid were prepared in
the concentration range of 1.0-50 uM. The inhibition percentage
in DPPH and ABTS assays was calculated by the following formula.

%inhibition = [(1 - (Asample/Acontrol)} x 10
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where Asampie is the absorbance of samples and Acontrol is the absor-
bance of control. The results of DPPH and ABTS assays were
expressed as ICsg values in pM and were calculated using GraphPad
Prism 6.02 (GraphPad Software Inc., La Jolla, USA) while the reduc-
ing capacity of the compounds (FRAP) were expressed in M trolox
equivalent (UM TE).

2.7. Statistical analyses

All data were analyzed and expressed as means * standard
deviation of three replicates. The differences between the assayed
values were analyzed using 1-way analysis of variance (ANOVA),
followed by Tukey’s HSD test at 95% and 99% confidence interval
with SPSS software, version 19.0 (SPSS Inc. Chicago, USA). ICso were
calculated using GraphPad Prism 6.02 (GraphPad Software Inc. La
Jolla, USA).

3. Results and discussion
3.1. Structure elucidation of isolated compounds

Compound 1 was obtained in the form of bright yellow crystals
(the crystal structure data is already published [23] but the spec-
tral data is new). The molecular formula was established as
Cy14H1206 by EI-MS (Fig. S1, Sup. material), in which a molecular
ion peak appeared at m/z 276.1. Both the UV (306 nm) and IR
(1635 cm™!) absorptions confirmed the presence of a conjugated
keto group. In the '"H NMR spectrum (Fig. S2, Sup. material), a dou-
blet of two protons at 6y 6.59 and a triplet of one proton at éy 6.45
with a J of 2.0 Hz, indicated meta coupling of three protons in one
ring. In addition, two doublets at éy 6.02 and 6.01 observed were
assigned to H-3 and H-5. The '>C NMR spectrum (Fig. S3, Sup.
material) displayed resonances of eight quaternary carbons, five
methine carbons and one methoxy carbon which were deduced
from DEPT 135, 90 and Q spectra (Fig. S4, Sup. material). The asym-
metrical trisubstitution in ring A of 1 was confirmed by the signals
at slightly different chemical shifts (6c 96.7 and ¢ 92.5) in the '3C
NMR, suggesting the location of CH30 group at C-6 of ring A which
differentiated it from its isomer; annulatophenone [24]. The
TH-13C HMQC spectrum (Fig. S5, Sup. material) helped in the
assignment of the protonated carbons and 'H-'>C HMBC spectrum
(Fig. S6, Sup. material), confirmed the positions of the hydroxylated
and methoxylated carbons. Furthermore, the position of the CH30
group was confirmed by 'H-'H NOESY spectrum (Fig. S7, Sup.
material), in which it displayed spatial coupling with protons at
dy 6.02 which confirmed its substitution at C-6 in ring A. Based
on these spectral data, 1 was identified as 2,3',4,5'-tetrahydroxy-
6-methoxybenzophenone. The complete assignment of the NMR
spectroscopic data is given in Table 1.

Compound 9 was obtained as a white solid with a melting
point of 156-159 °C. The EI-MS (Fig. S8(a), Sup. material) showed
a molecular ion peak at m/z 514.5, suggesting a molecular formula
of C55Hs005 but it was realized from the '3C and DEPT NMR data
that the molecular mass at m/z 514.5 is due to the loss of a water
molecule from the molecular ion, [M—H,0]*. However, the positive
ESI-MS (see Fig. S8(b), Sup. material) showed a pseudo-molecular
ion peak at m/z 555.30 [M+Na]*, which suggested a molecular for-
mula of C33Hs5,06. The IR spectrum exhibited absorption bands at
3461 (0-H) and 1710 cm™! (C=0) stretching frequencies, respec-
tively. The '"H NMR spectrum (Fig. S9, Sup. material and Table 2)
showed signals of an olefinic proton at éy 6.83, an oxymethine pro-
ton at &y 4.46, and eight methyl groups at 5y 2.02, 1.83, 1.0, 0.97,
0.89, 0.87 (2 x Me) and 0.83. The '*C NMR spectrum (Fig. S10,
Sup. material) exhibited signals of nine quaternary, five methine,

10 methylene and eight methyl carbons, deduced from DEPT 135,
90 and Q NMR spectra (Fig. S11, Sup. material).

These '>C NMR data were similar to those of garcihombronane I
acetate (16) [19] shown in Fig. 1, but with a difference of a hydrox-
ylated quaternary carbon (C-13) in 9 instead of an unsaturated C-
12 and C-13in 16. The disappearance of an olefinic proton and
carbon at dy 5.17 and 6¢ 115.5 in 16, and the presence of an addi-
tional methylene (5c 33.2) and a hydroxylated quaternary carbon
(3¢ 84.7) observed in the '>C NMR spectrum of 9, evidenced that
9 is a new garcihombronane with the same core structure of 16.
In 'H-'H COSY spectrum (Fig. S12, Sup. material, Table 2), correla-
tions of an olefinic proton at éy 6.83 (H-24) with two non-equiva-
lent protons at 6y 2.26-2.21and 2.19-2.11 (H-23), correlations of
H-23 with another pair of two non-equivalent protons at dy
1.89-1.84 and 0.97 (H-22), and a correlation of proton at Jy
1.89-1.84 (H-20) with a singlet at 5y 0.87 (Me-21) confirmed the
presence of a double bond between C-24 and C-25 in a side chain
of the type CH(Me)CH,CH,CH=C(Me)COOH. Direct connectivities
of protons to the corresponding carbons were analyzed from
TH-13C HSQC spectrum (Fig. S13, Sup. material). The positions of
the double bond 424725, COOH and the OCOCHj3 groups were deter-
mined by 'H-'3C HMBC spectrum (Fig. S14, Sup. material and
Table 2). The correlations of H-24 (5y 6.83) to C-26 (6¢c 172.0)
and C-27 (5c 12.4) confirmed that the double bond is located
between C-24 and C-25. A proton at 8y 4.46 (H-3) demonstrated
correlations with C-31 (6¢c 172.2), C-4 (6c 38.6), C-28 (6c 28.7)
and C-29 (¢ 17.5), and H-32 of the ester group showed correla-
tions with C-31 and C-3, which along with the slight deshielded
chemical shift of H-3 confirmed the position of OCOCH3 group at
C-3 (6c 82.4). Correlations of H-27 (5y 1.80) with C-26, C-24 (dc¢
145.0) and C-25 (6¢c 128.3) were observed which confirmed the
position of a COOH group as C-26.

The relative configuration of 9 was established with the aid of
'H-'H NOESY spectrum (Fig. S15, Sup. material, Table 2), in which
in the side chain, H-24 (y 6.83) did not show any cross peak with
Me-27 (dy 1.80). Thus the double bond at C-24/25 is E. The splitting
pattern, coupling constant and a slightly downfield chemical shift
(0 4.46, dd, ] = 9.0, 7.0 Hz) of H-3 indicated that H-3 and H-2 are
diaxial with H-3o-oriented and the equatorial OCOCH5 group is
p-oriented. H-29 (dy 0.89) showed correlations with H-3 and H-5
(0y 1.63-1.62) which revealed that H-29, H-3 and H-5 are cis to
one another. H-5 showed correlations with H-29, H-30 (éy 1.00)
and a hydroxyl group (most probably 9-OH), which indicated that
this OH is located at an «-axial position and all these protons are
cis. Based on these NOESY results the relative configuration of 9
was established and identified as 18(13-17)-abeo-3p-acetoxy-
90,13 p-lanost-24E-en-26-oic acid, a new naturally occurring triter-
pene, which was given a common name of Garcihombronane N.

Structures of the known constituents: 2 [25], 3 [26], 4 [27], 5
[28], 6 [29], 7, 8, 10, 11 [19,20], 12 [30], 13 [31], 14 [32] and 15
[33] were identified by the measurements of 1D and 2D NMR spec-
troscopic data and comparison of their NMR data with those pub-
lished in the literature.

3.2. Cytotoxicity

A cytotoxicity study was carried out on compounds 1 and 9. The
ability of 1 and 9 to induce cancer cell death was first tested on
human cancer cell lines: DBTRG, PC-3, U20S and MCF-7. Both com-
pounds were found to be more toxic towards DBTRG cells as com-
pared to other cancer cells. At 20 pM, these compounds induced
maximum cell death of 49% and 24%, respectively after 72 h of
treatment of the DBTRG cells. At the same concentration, 9 showed
low cytotoxic effect on the U20S cell line while 1 induced 27% cell
death at 72 h but less than 10% cell death was observed for the PC-
3 and MCF-7 cells when treated with either compound. However, a
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Fig. 2c. Cytotoxic effects of 1 and 9 on U20S cancer cell lines.

higher level of cytotoxicity (38%) was seen after longer exposure
(96 h) of PC-3 cells. The results as shown in Fig. 2a-2d hence, indi-
cated that 1 and 9 have cytotoxic effects which are cell-line depen-
dent. A dose-response analysis was also performed in order to
determine the 50% effective concentrations (ECso) of 1 and 9 on
the DBTRG cells. Both 1 and 9 (10-75 uM for up to 96 h) were
found to cause a time- and concentration-dependent cell death
of the DBTRG cells. However, 9 has a higher cytotoxic potential
with an ECsg of 34 uM as compared to that of 1 (ECso of 48 uM)
although 1 causes higher percentages of cell death at low concen-
trations as shown in Fig. 3a and 3b.

3.3. Antioxidant activities

Compounds 1-15 were also tested for in vitro antioxidant activ-
ities, in which only 1-8 showed potent radical scavenging capaci-
ties. In DPPH radical assay, 7 was the most active of all the
phenolics with ICso 3.89 nM, followed by 5, 4 and 2 showing 50%
inhibition at 4.78, 5.44 and 5.53 nM, respectively. Compounds 7,
5, 4 and 2 showed higher inhibition of DPPH than trolox (ICso
23.7 uM) and gallic acid (ICso 7.79 nM). In ABTS assay, except com-
pounds 6 and 8, all other compounds displayed higher inhibition of
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Fig. 2d. Cytotoxic effects of 1 and 9 on MCF-7 cancer cell lines.
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determination.

ABTS™ than that of trolox (ICso 10.9 uM). Compounds 1, 2,4 and 5
inhibited ABTS™ with the concentration comparable to gallic acid
(ICs50 3.05 puM). The detailed ICsq of all the compounds and stan-
dards are listed in Table 3. The complete inhibition of the DPPH
free radical by the compounds and trolox was attained at 30 and
50 uM except gallic acid (20 uM). On the other hand, all these com-
pounds and trolox completely inhibited ABTS™" at 30 uM except 3,
6 and 8 which inhibited ABTS™ at 50 M. The DPPH and ABTS free
radical inhibition profiles of 1-8 and the standards at various
concentrations are shown in Fig. 4. In FRAP assay, among all the
compounds, 7 showed the highest ferric ion reducing power with
326.5 +5.49 uM TE (Table 3). The free radical scavenging and the
reducing activities of the phenolic compounds depend on number
and location of hydroxyl group, stability in different system, O-H
bond dissociation energy, resonance delocalization of the
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Table 3
Antioxidant activities (ICso, % inhibition) of compounds (1-8).

Compounds DPPH assay ABTS assay FRAP assay uM TE
(ICs0) Complete inhibition (%) (ICs0) Complete inhibition (%)
1 12.7 £0.33¢ 86Y 4.92+0.25° 96" 195.7 + 1.68¢
2 5.53 £0.52° 85" 4,60 +0.32° 92Y 255.3 +3.72¢
3 12.6 +0.81¢ 87w 9.9+0.16° 88Y 167.2 + 4.65°
4 5.44 +0.12° 86" 4.94+0.43° 89Y 2682 £3.14
5 4.78 £0.15° 89¥ 417+0.11° 92Y 283.1 +3.748
6 13.5+0.23" 81v 11.1+0.79¢ 88” 128.7 + 2.46°
7 3.89£0.07% 92" 3720512 94Y 326.5 £ 5.49"
8 28.1+0.14" 79V 24.6+0.37° 847 89.63 +1.85°
Trolox 23.7 £0.628 77% 10.9+0.18¢ 99¥ -
Gallic acid 7.79 +0.05¢ 944 3.0£0.03? 99% -

Results are mean values of 3 replicates + SD.

Lowercase superscripts a, b, ¢, d, e, f, g, h represent significant differences at p < 0.05.

Lowercase superscripts u, v, w represents the complete inhibition at 20, 30 and 50 pM, respectively in DPPH radical scavenging assay.
Lowercase superscripts X, y, z represents the complete inhibition at 10, 30 and 50 pM, respectively in ABTS radical scavenging assay; The FRAP values are expressed as uM TE

at 20 uM of the compounds.
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Fig. 4. (A) DPPH and (B) ABTS radical scavenging profiles of compounds (1-8) and standards (trolox and gallic acid) at different concentrations (1-50 ptM).

antioxidant and steric hindrance [34]. In the present study, the
DPPH assay for 1-8 was found linear with the number and position
of the hydroxyl groups. However, in scavenging of ABTS radical,
inhibition was found irregular to the number and position of the
hydroxyl groups.

4. Conclusions

In the present study, benzophenones, flavonoids and triterpenes
were isolated from the bark extracts of G. hombroniana. The iso-
lated benzophenones and flavonoids from the ethyl acetate extract
are reported for the first time from this species. This study also
suggests the significant in vitro cytotoxic and antioxidant activities
of the isolated phenolics. In view of the results from this study, it is
concluded that the future phytochemical and pharmacological
investigation on the bark of G. hombroniana using advanced exper-
imental techniques could be of much importance.
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