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Three new prenylated xanthones, garciniaxanthones F (1), G (2) and H (3), have been isolated as antioxidative
substances from the wood of Garcinia subelliptica (Guttiferae). Their structures have been elucidated on the basis
of spectroscopic data involving comparison of their '3C-NMR data with those of previously known xanthones. The
antioxidant properties of the new compounds have been evaluated by three assay systems: anti-lipid peroxidation,
a,a-diphenyl-B-picrylhydrazyl radical scavenging activity and superoxide radical scavenging activity.
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Garcinia subelliptica MERR. (Guttiferae) has been
cultivated as a windbreak in the Yaeyama islands of Japan.
Its bark had been utilized as a source of a yellow colored
dye, and thus the chemical components are known to be
abundant in a variety of xanthones':? like other Gar-
cinia species.® In preceding papers,*> we reported the
isolation and structure elucidation of several prenylated
xanthones which exhibited antioxidant activity in the in
vitro three assay systems, anti-lipid peroxidation (LPO),
a,a-diphenyl-f-picrylhydrazyl (DPPH) radical scavenging
activity (DPPH radical), and superoxide radical scav-
enging activity (O;). Among them, xanthones bearing
1,4- or 1,2-dihydroxyl groups were most likely to show
antioxidant activity. To gain insight into the structure—
activity relationship of xanthones we have continued to
search for antioxidative xanthones in the methanol ex-
tract of G. subelliptica, resulting in the isolation of
three new xanthones named garciniaxanthones F (1), G
(2) and H (3), along with the previously reported garcinia-
xanthones D (4),” 1,4,5-trihydroxyxanthone (5),> sym-
phoxanthone (6)® and 1-O-methylsymphoxanthone (7).”
This paper deals with the structure elucidation of these
new compounds and their antioxidative properties.

The methanol extract of the wood of G. subelliptica
was absorbed on Celite and then packed into a glass
column, eluted in turn with n-hexane, CH,Cl,, AcOEt,
and MeOH. Antioxidant activity for each soluble portion
was tested by the three assays (Fig. 2), and the AcOEt
soluble portion indicated higher inhibition percent than
the methanol extract except for DPPH radical. The AcOEt
soluble portion was then fractionated by a combination
of silica gel and Sephadex LH-20 chromatographies to
give three new xanthones 1—3, together with 4—7.

Garciniaxanthone F (1), obtained as orange needles,
has the molecular formula C,,H,,Oq, established by
high resolution electron impact mass spectrum (HR
EI-MS). Its UV (232, 267, 293 and 402 nm) and IR (3368,
1630, 1591 and 1449 cm ™ ') showed absorptions character-
istic of a hydroxylated xanthone. The presence of chelated
hydroxyl and non-chelated hydroxyl groups was sup-
ported by the IR (3368 cm ') and 'H-NMR data [, 13.0
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and 9.74 (each s)]. The 'H-NMR spectrum (Table 1) of
1 contained ortho-coupled aromatic protons at dy7.67
(1H, d, J=8.3Hz) and 8.01 (IH, d, J=8.3Hz), two
singlet signals at dy7.17 and 7.39, and a methoxy signal
at 0,4 3.06 (3H, s) and two methyl signal at J,;1.64 (6H,
s), as well as two methyl and three olefin proton signals
at 6y 1.49 (6H, s) and 5.02 (1H, d, /=17.8 Hz), 5.04 (1H,
d, J=10.5Hz), and 6.26 (1H, dd, J=17.8, 10.5Hz),
respectively, which are typical of a 1,1-dimethyl-2-pro-
penyl group. On the other hand, the '*C-NMR data
(Table 2) of 1 had a strong resemblance to those due to
the right hand benzene ring of garciniaxanthone D (4),

Fig. 1
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indicating the same substituted pattern on the right ring
as in 4. This was also supported by the ‘H-detected
multiple-bond heteronuclear multiple quantum coherence
spectrum (HMBC), in particular, the correlations via three
bonds from the two hydroxyl proton signals (d;; 13.00 and
9.74) and the dimethyl signals (5 1.49) to the carbon
signals assignable to the right-hand aromatic ring, as
shown in Fig. 3a. This was subsequently substantiated
by the observation of a nuclear Overhauser effect (NOE)
between the H-3 and the H;-12 and 13, as shown by dotted
arrow in Fig. 3a. The aromatic proton resonated at
5;;8.01 which was coupled with the proton at dy7.67
should be assigned to H-8, not only on the basis of its

dried woods of Garcinia subelliptica

MeOH at r.t.
MeOH ext.
absorbed on Celite and then
eluted with
n-hexane CHCIL, AcOEt MeOH
Antioxidant activity (% inhibition) for each soluble portion
DPPH? radical
a) ]
Conc. (ug/ml) LPO 0;
10 10 5 10
MeOH ext. 73.8 90.9 22.8 24.4
n-Hexane sol. 6.3 10.1 2.8 0.0
CH,(l, sol. 78.8 22.4 10.7 27.8
AcOE:t sol. 96.4 55.4 304 28.5
MeOH sol. 29 11.0 14.9 4.5

Fig. 2. Antioxidant Activities for MeOH Ext. and Each Soluble
Portion

a) Anti-lipid peroxidation (% inhibition in rat brain homogenates). b) Chemical
stable radical scavenging (% inhibition of a,a-diphenyl-g-picrylhydrazyl radical).
¢) Superoxide anion scavenging (% inhibition in xanthine and xanthine oxidase
system).
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low & value but also because it shows a cross peak with
the sole carbonyl carbon signal at d.182.2 in the HMBC

.(Fig. 3a). This means that the C-5 and C-6 positions

must be substituted. The sole methoxy signal and the
methyl signal (H,-19 and H;-20) at Jy 1.64 showed the
HMBC correlations to a quaternary carbon signal at
0c73.0, indicating the presence of a 2-methoxy-2-iso-
propyl group. This was also supported by the observation
of a fragment ion peak at m/z 335 (M*—73), corre-
sponding to the loss of [Me,C=0Me]*.? In the addi-
tional HMBC as shown in Fig. 3a, the H;-19 and H;-20
correlated to the C-17 sp? quaternary carbon signal at
0c164.5 and thereby the 2-methoxy-2-isopropyl group
must be bonded to C-17. The remaining singlet signal at
0y 7.17, which caused an NOE enhancement upon ir-
radiation of the H,-19 and H;-20, showed correlations
with the C-6 and C-5 signals at d;; 135.1 and 140.9, leading
to the formation of an a-substituted benzofuran ring fused
at the C-5 and C-6 positions. This was also confirmed
by the observation of an NOE between the H-7 and
H-16 signals (Fig. 3a). Thus, the structure of garcinia-
xanthone F (1) was determined as shown in Fig. 1.
Garciniaxanthone G (2) has the molecular formula
C,oH,605 obtained from HR FAB-MS at m/z 336.1009
(M), and was shown to belong to a 1,4-dihydroxylated
xanthone by its IR and UV spectra. The NMR data (Tables
1 and 2) of 2 which were compared with those of 1 im-
plied that the right-hand benzene ring of 2 was closely
related to that of 1. This was unambiguously supported
by HMBC and NOE experiments (Fig. 3b). The left-
hand benzene ring of 2 carried ortho-coupled H- 8 and
H-7 at 6,48.13 (d, J=8.3Hz) and 7.57 (d, J=8.3Hz) and
two additional olefinic protons (H-16 and H-17) at §,;6.97
(d, J=2.0Hz) and 7.91 (d, J=2.0Hz) which coupled to
each other, indicating the loss of a 2-methoxy-2-isopropyl
group on the benzofuran ring existing in 1. In fact, the
H-16 and H-17 signals showed the HMBC correlations to
the two sp? quaternary carbon signals (C-6 and C-5) at
dc134.5 and 141.8, as shown in Fig 3b, and NOE was

Table 1. 'H-NMR Data of Compounds 1—3
Proton No. 19 29 3
3 7.39 (1H, s) 7.42 (1H, s) 7.50 (1H, s)
6 — — 7.22 (1H, d, /=8.8Hz)
7 7.67 (1H, d, J=8.3 Hz) 7.57 (1H, d, J=8.3Hz) 6.53 (1H, d, J=8.8 Hz)
8 8.01 (1H, d, /=8.3Hz) 8.13 (1H, d, J=8.3Hz) —
12 1.49 (3H, s) 1.56 (3H, s) 1.56 (3H, 5)
13 1.49 (3H, s) 1.56 (3H, s) 1.56 (3H, s)
14 6.26 (1H, dd, /=178, 10.5Hz) 6.29 (1H, dd, J=17.1, 10.8Hz) 6.36 (1H, dd, /=17.6, 10.7Hz)
15 5.02 (1H, dd, /=17.8, 1.0Hz) 5.05 (1H, dd, /=17.1, 1.1 Hz) 5.21 (1H, dd, /=10.7, 1.0Hz)
5.04 (1H, dd, /=10.5, 1.0Hz) 5.06 (1H, dd, J=10.8, 1.1 Hz) 5.34 (1H, dd, J=17.6, 1.0Hz)
16 7.17 (1H, s) 697 (1H, d, J=2.0Hz) —
17 — 791 (1H, d, J=2.0Hz) —
19 1.64 (3H, s) — —
20 1.64 (3H, s) — —
OCH, 3.06 (3H, s) - 402 (3H, 5)
1-OH 13.0 (1H, s) 12.81 (1H, s) —
2-OH — — 5.97 (1H, s)
4-OH 9.74 (1H, s) 549 (1H, s) —
5-OH — — 5.44 (1H, s)
8-OH —_ — 11.92 (1H, s)
a) In DMSO-ds.  b) In CDCl,.
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Table 3. Antioxidant Activity (% Inhibition) of Compounds 1—6

Table 2. !3C-NMR Data of Compounds 1—5
Carbon No. 19 29 3» 4 59

1 151.2 153.4 143.0 151.2 1524
2 127.9 129.7 145.1 1274 109.1
3 1224 122.2 121.1 122.6 1233
4 136.3 134.6 133.5 136.3 137.4
4a 141.3 140.6 148.2 141.8 143.0
5 140.9 141.8 136.0 147.4 146.3
6 135.1 134.5 122.1 137.8 120.9
7 117.1 117.1 109.3 120.7 124.5
8 119.6 120.4 153.9 116.9 114.8
8a 116.1 117.1 108.6 120.5 120.7
9 182.2 182.2 181.9 182.5 182.1
9a 108.7 108.7 115.1 108.6 108.4

10a 142.1 142.4 142.2 141.1 144.7

11 39.3 404 40.7 40.0

12 26.3 26.7 27.6 26.3

13 26.3 26.7 27.6 26.3

14 146.6 146.9 150.9 146.6

15 110.8 110.8 109.0 110.8

16 105.7 108.1 71.8

17 164.5 148.6 98.2

18 73.0 69.7

19 25.0 25.5

20 25.0 25.8

OCH, 50.5 627

a) Tn DMSO-dj

b) Tn CDCl,.

Fig. 3. HMBC Correlations (Bold Arrows) and NOEs (Dotted Arrows)
Observed for 1 (a) and 2 (b)

also observed between the H-16 and H-7 signals. This
means that a furan ring is fused at the C-5 and C-6
positions. Thus, from the above spectral data the struc-
ture of garciniaxanthone G was depicted as 2 (Fig. 1).

Although subellipitinones C and D, furanoxanthones,
which are closely related to garciniaxanthones F and G,
were isolated earlier from the root bark of the same
plant by Iinuma et al.,” compounds 1 and 2 are the
second example of furanoxanthones.

The spectral data for garciniaxanthone H (3),
C,4H,30¢, were very similar to those of 1-O-methylsym-

DPPH

a) -c)
Conc. LPO radical® 0
(ug/ml)
5 10 5 15 5 1
MeOH ext. 73.8 — 909 228 24.4 — —
AcOEtsol. 96.4 —— 554 304 28.5 — —
1 95.5 16.6 18.5 — 4449 — —
2 98.0 59.5 27.4 — 11.09 — —
3 100.0 413 17.3 — 74.19 11.0 —
4 804 158 19.5 — 100.0 444 —
5 64.6 252 73.3 5.7 966 904 313
6 759 309 85.0 8.5 93.1 833 406

a) Anti-lipid peroxidation (% inhibition in rat brain homogenates). b) Chem-
ical stable radical scavenging (% inhibition of DPPH radical). c) Superoxide
anion scavenging (% inhibition in xanthine and xanthine oxidase system). d) At
75 pg/ml.

phoxanthone (7), in particular, the '*C-NMR data (Table
2) for the right-hand benzene ring of 3 well corresponded
to those of 7,” and showed the presence of one chelated
hydroxyl group at é; 11.92 and two non-chelated hydroxyl
groups at 6, 5.44 and 5.97 as well as of a set of ortho-
coupled aromatic protons [06.53 (d, J=8.8Hz) and
7.22 (d, J=8.8Hz); .109.3 and 122.1]. A sole methoxy
group resonated at 5. 62.7, indicative of the steric crowd-
ing around it, and had no NOE interaction on any of the
proton signals in the two dimensional nuclear Overhauser
and exchange spectroscopy (2D NOESY), so the C-1
position must be occupied by this group. Moreover, one
(6 5.97) of two non-chelated hydroxyl signals correlated
to C-1 (6. 143.0) and C-3 (6¢121.1) in the HMBC, and
also the H-3 singlet proton signal (dy7.50) showed a
distinct NOE upon irradiation of the methyl signals due
to a 1,1-dimethyl-2-propenyl group. These spectral data
proved the right-hand benzene ring of 3 to be identical to
that of 7. The C-9 carbonyl group, which appeared at a
lower field (6. 181.9) than normal value (ca.175 ppm),'®
forms a hydrogen bond with the C-8 hydroxyl group.'?
Additionally, the !3C-NMR data (Table 2) for the
left-hand ring of 3 were very similar to those of the 1,4-
dihydroxylated aromatic ring in 1,4,5-trihydroxyxan-
thone (5).> The above spectral evidence indicates that
the left-hand benzene ring of 3 is substituted with di-
hydroxyl groups at the C-5 and C-8 positions. This was
substantiated by the HMBC correlations of the non-
chelated hydroxyl proton at d,; 5.44 to C-10a, C-5 and C-6.

Accordingly, the structure of garciniaxanthone H (3)
was determined as 2,5,8-trihydroxy-1-methoxy-4-(1,1-
dimethyl-2-propenyl)xanthone.

Compounds 1—6 were tested for their antioxidative
properties using three in vitro assays, viz., anti-lipid
peroxidation activity in rat brain homogenates (ALP),'?
free radical scavenging activity of the DPPH radical'¥
and superoxide anion scavenging activity in the xanthine-
xanthine oxidase system (O;).'* The results are
summarized in Table 3. All the compounds which have a
1,4-hydroquinone ring in common exhibited >60%
inhibitory activity of lipid peroxidation at 10 ugml ™! with
2, in particular, showing 59.5% inhibition at 5ugmi™*.
Although compounds 3— 6 showed O; scavenging
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activity at 15 ugml ™, garciniaxanthones F (1) and G (2)
carrying a benzofuran moiety exhibited no inhibitory
activity even at a concentration as high as 15ugml~!.
On scavenging activity of DPPH radical, however, 1,4-
hydroxylated xanthones did not show higher inhibitory
activities than a cathecol-type compound such as 6.1

Experimental

UV spectra were recorded on a Hitachi 340 spectrophotometer. IR
spectra were measured on a Jasco FT-IR 5300 spectrophotometer.
'H- and '*C-NMR spectra were obtained at 400 MHz (*H-NMR) and
100.16 MHz (*3C-NMR) using a JEOL GX-400 instrument. Chemical
shift values were expressed in é (ppm) downfield from tetramethylsilane
as an internal standard. The MS were recorded on a JEOL AX-500
instrument. Silica gel (Wako, C-300) was used for column chromatog-
raphy. Silica gel F,;, (Merck) was used for analytical (0.25mm) and
preparative (0.5mm) thin-layer chromatographies, and spots were
visualized under UV (254 nm) light and by spraying with 40% CeSO,—
H,SO, followed by heating.

Extraction and Purification The dried and powdered wood (15kg)
of G. subelliptica, collected on Ishigaki island, was immersed in metha-
nol at room temperature for 3 weeks. The MeOH extract was evaporat-
ed in vacuo to give a gummy extract (212 g) , which was mixed with Celite
(150 g) and the solvent was completely removed in vacuo to give solids,
which were pulverized. The resultant powder was packed into a glass
column and then eluted in turn with n-hexane (1.51), CH,Cl, (1.51),
AcOEt (11), and MeOH (11) giving 6 fractions (fractions 1—6). The
AcOEt soluble portion (70g) was chromatographed on silica gel with
CH,Cl,-MeOH (9:1) to give 11 fractions (fractions 1—11). Fraction 4
(2.5g) was chromatographed on silica gel with CH,Cl,-MeOH (15:1)
to divide it into fractions 12—16. Fraction 15 (414mg) was rechro-
matographed on silica gel with n-hexane-AcOEt (3: 1) and then CHCl;—
ether (12:1) to give garciniaxanthone F (1) (7.2mg) and garcinia-
xanthone H (3) (3.4mg). Fraction 13 (517 mg) was chromatographed
on silica gel with n-hexane—CH,Cl, (1:6) followed by Toyopear]l HW-
40F with CHCl,-MeOH (1:9) to give garciniaxanthone G (2) (5.5
mg). Fraction 14 (1.0 g) was subjected to reversed-phase chromatogra-
phy using Cosmosil 75C,-OPN and eluted with MeOH-MeCN-H,0
(1:1:2.5) to give fractions 17—19. Fraction 18 (203mg) was
chromatographed on Sephadex LH-20 with MeOH to divide it into
fractions 20—24. From fraction 21 was obtained 1,4,5-trihydroxyxan-
thone (5) (13.5mg) and fraction 22 (61.3 mg) was rechromatographed
on silica gel with CH,Cl,-AcOEt (3:1) to afford symphoxanthone (6)
(11.0mg) and 1-O-methylsymphoxanthone (7) (26.6mg). Fraction 16
(80 mg) was purified by Sephadex LH-20 with MeOH to give garcinia-
xanthone D (4) (32.6 mg)

Garciniaxanthone F (1) Yellow needles, mp 229—231°C. IR
VmaxCm~ 1:3368 (OH), 1630 (C=0), 1591 and 1449 (aroma.). UV
ABOH nm (g): 232 (18600), 237 (18400), 247 (16300), 267 (11500), 293
(19300), 402 (2500). EI-MS (rel. int. %) m/z: 408 (M*, 84), 393 (100),
377 (13), 335 (11). 'H-NMR and '3C-NMR: see Tables 1 and 2. HR
EI-MS m/z: 408.1565 (M™*). Calcd for C,,H,,04: 408.1573.

Garciniaxanthone G (2) Yellow needles, mp 194—196°C. IR
Voaecm ™1 3567 (OH), 1625 (C=0), 1599 and 1450 (aroma.). UV
AEOH i (e): 232 (13100), 245 (11500), 267 (7890), 288 (14600), 404
(2400). FAB-MS m/z: 337 (M* +1), 336 (M*), 321. '"H-NMR and
13C.NMR: see Tables 1 and 2. HR FAB-MS mj/z: 336.1009 (M™).
Caled for C,oH,;405: 336.0998.

Garciniaxanthone H (3) Yellow amorphous. IR v, cm™!: 3387
(OH), 1651 (C=0), 1595 and 1485 (aroma.). EIMS (rel. int. %) m/z:
342 (M*, 100), 324 (62). 'H-NMR and '3C-NMR: see Tables 1 and 2.
HR EI-MS m/z: 342.1096 (M ™). Calcd for C,oH,504: 342.1104.

Antioxidative Activity on Lipid Peroxidation The method reported
by Stocks et al.'® was used for the assay. A sample of the stocked rat
brain homogenates was thawed at room temperature and immediately
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diluted 3-fold with phosphate-saline buffer (pH 7.4) to prepare a 7%
(w/v) portion. To 5ml of this homogenate was added various con-
centrations of the test samples in 10% dimethyl sulfoxide (DMSO)
solution or water (blank). Mixtures were incubated at 37°C for 1 h.
After the addition of 28% trichloroacetic acid solution, each mixture
was centrifuged at 3000 rpm for 10 min. To 4 ml supernatant was added
1 ml of 1% thiobarbituric acid solution and then the mixture was heated
in a boiled water-bath for 15min. Absorption (4) was measured at
532 nm.

antioxidative activity (%)= (1— A of sample/4 of blank) x 100

Chemically Stable Radical Scavenging Activity DPPH radical was
used as an organic radical model.!® A 0.1 M ethanol solution of DPPH
(2.7ml) and various concentrations (0.3 ml) of the test samples in 10%
DMSO solution were mixed and allowed to stand at room tempera-
ture for 20 min. The change of 4 at 517 nm was monitored. Scavenging
activity was expressed as the inhibition percentage, calculated as in-
hibition % =A4B/4A, where 44 was the decrease of absorbance when
15pugml™! of ascorbic acid was applied and 4B was the decrease of
absorbance when the sample was applied at the concentration noted.

Superoxide Anion Scavenging Activity The method reported by
McCord and Fridovich'® was used for the assay. To the standard
solution, prepared from 250 ul of 0.3 M potassium phosphate buffer at
pH 7.8 containing 0.6M EDTA, 250 ul of 0.06 mm ferricytochrome C,
250 ul of 0.03mMm xanthine, and 500 ul of water were added various
concentrations of the samples in 10% DMSO solution or 150 ul of water.
After 100 pl of 7.5—1.5 x 10~ * mM xanthine oxidase was added at 25 °C,
and absorbance at 550 nm was measured every 10s for 2 min to make a
linear graph. Percent inhibition (%) was expressed as the slope on a
linear graph during 1 min.
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