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Abstract Phytochemical investigation of the dried leaves

of Fraxinus griffithii collected in Okinawa has led to the

isolation of three new secoiridoid glucosides, griffithosides

A–C (1–3), and one new iridoid glucoside, 7-epi-7-O-(E)-

caffeoylloganic acid (4), along with eight known secoiridoid

glucosides (5–12). The structures of these compounds were

elucidated by means of NMR, MS, and other spectroscopic

techniques, as well as comparison with literature data. The

isolated compounds were tested for radical-scavenging

activity. Among them, compounds 3, 4, and 7 exhibited sub-

stantial radical-scavenging activity.
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Introduction

Fraxinus species belong to the family Oleaceae, consisting

of around 40–50 species distributed mostly in temperate

and subtropical regions. Plants from this genus are widely

used for commercial purposes most notably as timber.

They have also been cultivated as ornamentals and garden

plants. Some species have been used in folk medicine

mainly for inflammatory ailments such as arthritis, rheu-

matic pain, gout, and rhinitis [1]. In China, the roots of F.

malacophylla are used to treat malaria and excretory organ

infection [1]. The bark of F. japonica is marketed as a

Chinese traditional medicine for diuretic, antifebrile, and

analgesic purposes [1].

The evergreen F. griffithii, known as Philippine or

Formosan ash, is widely distributed in central and east Asia

(China, Taiwan, and the Ryukyu Islands of Japan) as well

as in southeast Asia (Vietnam, Indonesia, and the Philip-

pines) [1]. According to the Botany Division of the

National Museum of the Philippines, this species is found

in the northern islands mainly in Luzon, where the local

people call it lagilig (Tagalog) or lapidikon (Ifugao). This

gray-barked species can grow up to 8 m in height, with

leaves that have up to eight pairs of leaflets which are oval

with long pointed tips. The leaflets have shiny pale green

upper surfaces and are silvery and hairy underneath.

F. griffithii blooms in spring with panicles of white flowers

[1].

Phytochemical work on the 1-BuOH-soluble fraction of

a methanol extract of F. griffithii leaves has led to the

isolation of 12 compounds including 11 secoiridoid glu-

cosides, which are a chemotaxonomic feature of the genus

Fraxinus. Among these, four new compounds have been

identified as secoiridoid glucosides, griffithosides A–C

(1–3) and an iridoid glucoside, 7-epi-7-O-(E)-caffeoylloganic

acid (4). The structures of these compounds were eluci-

dated by means of NMR, MS, and other spectroscopic

techniques, as well as comparison with literature data. The

isolated compounds were tested for radical-scavenging
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activity using the 1,1-diphenyl-2-picrylhydrazyl (DPPH)

radical. Compounds 3, 4, and 7 exhibited significant radi-

cal-scavenging activity.

Results and discussion

Air-dried leaves of F. griffithii were extracted with MeOH

at ambient temperature. The resulting extract was con-

centrated and then washed with n-hexane. The MeOH layer

was concentrated and suspended in water. The water layer

was extracted with EtOAc and 1-BuOH, successively. The

1-BuOH-soluble fraction was subjected to Diaion HP-20,

silica gel, octadecylsilanized silica gel (ODS) column

chromatographies, droplet counter-current chromatography

(DCCC), and high-performance liquid chromatography

(HPLC) to afford four new compounds (1–4), along with

eight known secoiridoid glucosides (5–12) (Fig. 1).

Griffithoside A (1), [a]D
26 ?10.1�, was isolated as an

amorphous solid with a molecular formula of C24H32O11

as determined by high-resolution (HR)–electrospray ioni-

zation (ESI)-MS. The IR spectrum showed absorption

bands characteristic for hydroxyl groups (3,360 cm-1), an

aromatic ring (1,603 and 1,514 cm-1), and a lactone

functional group overlapped with an ester carbonyl group

(1,723 cm-1). The 1H-NMR spectrum showed an ano-

meric proton signal at dH 4.21 (1H, d, J = 8 Hz) together

with signals due to para-substituted aromatic protons at

dH 7.05 (2H, d, J = 9 Hz) and dH 6.72 (2H, d, J = 9 Hz)

(Table 1). The 13C-NMR spectral data displayed 24

resonances (Table 2), six of which were attributable to a

b-glucopyranosyl moiety and eight to a para-hydroxyphen-

ylethyl moiety. The remaining ten resonances consisted of

three quaternary carbon signals, two of which were for

carbonyl carbons, three methine signals, with one of the

methine carbons being involved in a double bond, three

methylene signals, two of which bear an oxygen atom, and

an allylic methyl group signal. COSY, HSQC, and HMBC

experiments showed that this ten-carbon unit formed a

monocyclic planar structure characteristic of secoiridoids

previously reported for Fraxinus species [2–7]. However,

several features of the NMR spectral data exhibited some

significant differences for the skeleton of 1 in comparison

with the previously reported class of secoiridoids. The

presence of a carbonyl carbon signal at dC 175.1 suggested

a lactone functional group, which was substantiated by the

observation of long-range correlations between the oxy-

methylene protons (H2-1) at dH 4.35 (d, J = 12 Hz) and

dH 4.67 (d, J = 12 Hz) and this carbonyl carbon in the

HMBC spectrum (Fig. 2). The same oxymethylene pro-

tons also showed long-range correlations with the methine

carbon (C-5) at dC 32.8. In turn, the methine proton (H-5)

at dH 3.33 showed long-range correlations with the car-

bonyl carbon (C-3) at dC 175.1, the oxymethylene carbon

(C-1) at dC 74.0 and the quaternary carbon (C-9) at

dC 132.8 establishing the ring structure of 1 as shown in

Fig. 1. This was further supported by the observation of

HMBC correlations between the methine proton (H-4) at

dH 3.14 and the methine carbon (C-5) at dC 32.8. In

addition, the following COSY correlations were also

observed: between the oxymethylene protons (H2-11) at

dH 3.65 (dd, J = 10, 7 Hz) and dH 4.08 (dd, J = 10,

7 Hz) and the methine proton (H-4) at dH 3.14, between

the methylene protons (H2-6) at dH 2.62 (dd, J = 16,

8 Hz) and dH 2.81 (dd, J = 16, 8 Hz) and the methine

proton (H-5) at dH 3.33, and between the allylic methyl

protons (H3-10) at dH 1.70 (dd, J = 7, 1 Hz) and the

vinylic methine proton (H-8) at dH 6.69 (q, J = 7 Hz)

(Fig. 2), establishing the structure of the core secoiridoid

as shown in Fig. 1. These indicated key features including

the reduction of the double bond between positions 3 and

4, and the oxidation of the carbon at the 3-position of the

core secoiridoid structure. The attachment of the phenyl-

ethyl moiety onto the hydroxyl group at the 7-position was

deduced from the observation of long-range cross peaks

between the methylene protons (H2-800) at dH 4.27 (dt,
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J = 15, 7 Hz) and dH 4.29 (dt, J = 15, 7 Hz) and the

carbonyl carbon (C-7) at dC 173.8. This was further sup-

ported by the acylation-induced downfield shift of the

oxymethylene carbon at dC 67.0, compared with the free

oxymethylene carbon of formoside (9) [6, 7], which

appeared at dC 64.1. The attachment of the glucosyl

moiety onto the hydroxyl group at the 11-position was

deduced from the observation of a long-range correlation

between the anomeric proton (H-10) at dH 4.21 (d,

J = 8 Hz) and the oxymethylene carbon (C-11) at

dC 69.1. The NOESY experiment showed correlations

between H-1b and H-5, and H-4 and H-5, suggesting that

both protons at the 4- and 5-positions were oriented on the

same side (Fig. 3). The presence of NOE correlation

between H-1a and H-8 and the absence of NOE correla-

tion between H2-1 and H3-10 suggested the E geometry of

the D8 double bond. Comparison of 1 with the secoiridoids

previously reported for Fraxinus species, together with the

Table 1 1H-NMR spectral data for 1–4, 7, and 9 (400 MHz, CD3OD)

H 1 2 3 4 7 9

1 4.35 d 12 6.31 s 6.01 s 5.47 d 4 6.00 s 6.04 s

4.67 d 12

3 7.51 s 7.55 s 7.45 d 1 7.52 s 7.56 s

4 3.14 m

5 3.33 m 3.80 m 4.08 dd 9, 5 2.99 m 4.07 dd 9, 5 4.12 dd 9, 5

6 2.62 dd 16, 8 2.95 dd 16, 7 2.95 dd 15, 5 1.84 dd 15, 5 2.87 dd 15, 5 2.73 dd 15, 9

2.81 dd 16, 8 3.11 dd 16, 4 2.68 dd 15, 9 2.55 m 2.66 dd 15, 9 2.97 dd 15, 5

7 4.80 m

8 6.59 q 7 5.82 q 7 6.17 q 7 2.04 m 6.16 q 7 6.19 q 7

9 1.95 td 8, 4

10 1.70 dd 7, 1 1.84 dd 7, 2 1.75 dd 7, 2 1.19 d 7 1.74 dd 7, 3 1.76 dd 7, 1

11 3.65 dd 10, 7

4.08 dd 10, 7

OMe 3.72 s 3.72 s

10 4.21 d 8 4.70 d 8 4.82 d 8 4.70 d 8 4.82 d 8 4.84 d 8

20 3.16 m 3.21 dd 9, 8 3.31 m 3.22 dd 9, 8 3.33 m 3.32 m

30 3.30 m 3.34 m 3.42 dd, 9, 9 3.31 m 3.42 dd 9, 9 3.32 m

40 3.26 m 3.34 m 3.31 m 3.31 m 3.33 m 3.32 m

50 3.30 m 3.34 m 3.31 m 3.31 m 3.33 m 3.32 m

60 3.66 m 3.68 dd 12, 6 3.68 dd 12, 6 3.68 dd 12, 5 3.68 dd 12, 6 3.68 dd 12, 6

3.85 m 3.89 dd 12, 2 3.84 dd 12, 2 3.90 dd 12, 2 3.84 dd 12, 2 3.84 dd 12, 2

200 7.05 d 9 6.97 d 9 7.24 d 9 7.05 d 2 6.99 d 9 7.01 d 8

300 6.72 d 9 7.24 d 9 7.00 d 9 7.24 d 9 7.17 d 8

500 6.72 d 9 7.24 d 9 7.00 d 9 6.77 d 8 7.24 d 9 7.17 d 8

600 7.05 d 9 6.97 d 9 7.24 d 9 6.95 dd 8, 2 6.99 d 9 7.01 d 8

700 2.85 t 7 2.81 t 7 2.82 t 7 7.51 d 16 2.81 t 7 2.82 t 7

800 4.27 dt 15, 7 3.74 t 7 3.75 t 7 6.20 d 16 3.75 t 7 3.75 t 7

4.29 dt 15, 7

200 0 6.78 d 2 6.67 d 2

400 0

500 0 6.76 d 8 6.69 d 8

600 0 6.67 dd 8, 2 6.56 dd 8, 2

700 0 4.33 dd 7, 4 2.81 m

800 0 4.21 dd 12, 7 4.29 m

4.13 dd 12, 4

OMe 3.23 s

d in ppm from TMS as internal standard. J in Hz. Assigned by HSQC

m multiplet or overlapped signal
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above evidence, suggested a modified secoiridoid structure

for griffithoside A (1) as shown in Fig. 1.

Griffithoside B (2), [a]D
26 -62.1�, was obtained as an

amorphous powder with a molecular formula of

C25H32O12, as determined by HR-ESI-MS. Its IR spectrum

showed absorption bands characteristic for hydroxyl

groups (3,390 cm-1), an aromatic ring (1,600 and

1,509 cm-1), and two ester carbonyl groups (1,747 and

1,702 cm-1), one of which was conjugated. The 1H-NMR

spectrum showed signals at dH 1.84 (3H, dd, J = 7, 2 Hz),

dH 5.82 (1H, q, J = 7 Hz), and dH 6.31 (1H, s), which

were typical for H3-10, H-8, and H-1, respectively, of

secoiridoids previously reported for Fraxinus species [2–

7], an anomeric proton signal at dH 4.70 (1H, d, J = 8 Hz),

a signal due to a methoxyl group at dH 3.72 (3H, s), and a

hydroxymethylene signal at dH 3.74 (2H, t, J = 7 Hz),

together with signals due to para-substituted aromatic

protons at dH 6.97 and dH 7.24 (each 2H, d, J = 9 Hz)

(Table 1). The 13C-NMR spectral data displayed 25 reso-

nances (Table 2), six of which were attributable to a

b-glucopyranosyl moiety, eight to a para-hydroxyphen-

ethyl moiety, one to a methoxyl moiety, and the remaining

ten signals to a secoiridoid skeleton [2–7]. Inspection of the

other 1H- and 13C-NMR spectral data of 2 revealed similar

patterns to those of formoside (9) (Tables 1, 2) [6, 7]. The

COSY, HSQC, and HMBC experiments confirmed that

the core secoiridoid of 2 was a geometric isomer of 9.

Comparison with literature data for structurally similar

secoiridoids showed that the carbonyl carbons at the 7- and

11-positions could be assigned to the signals at dC 172.4

and dC 168.6, respectively. This was further substantiated

by the observation of a long-range correlation between the
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Table 2 13C-NMR spectral data for 1–4, 7, and 9 (100 MHz,

CD3OD)

C 1 2 3 4 7 9

1 74.0 93.8 95.5 96.4 95.5 94.2

3 175.1 154.4 155.5 152.3 155.3 154.2

4 49.2 112.2 109.4 112.9 109.5 108.2

5 32.8 33.9 31.8 32.3 31.8 30.7

6 33.0 37.8 41.0 38.4 41.1 40.0

7 173.8 172.4 171.8 82.5 171.8 170.6

8 128.2 126.5 125.2 42.6 125.2 124.1

9 132.8 132.3 130.9 48.3 130.7 129.5

10 14.0 13.5 13.8 18.1 13.8 13.8

11 69.1 168.6 168.0 170.8 168.2 167.5

OMe 51.9 51.9

10 104.7 100.2 101.1 100.2 101.1 100.2

20 75.0 74.8 74.8 74.8 74.8 74.8

30 78.1 78.2 78.0 78.3 78.0 78.2

40 71.7 71.7 71.5 71.6 71.5 71.7

50 78.1 78.5 78.4 78.0 78.4 78.5

60 62.9 62.9 62.7 62.8 62.7 62.9

100 130.1 138.3 138.3 127.9 138.2 138.3

200 131.0 131.0 131.0 115.4 131.0 131.0

300 116.4 122.5 122.6 149.5 122.6 122.5

400 157.2 150.6 150.6 146.8 150.6 150.6

500 116.4 122.5 122.6 116.6 122.6 122.5

600 131.0 131.0 131.0 123.0 131.0 131.0

700 35.1 39.6 39.6 146.9 39.6 39.6

800 67.0 64.1 64.1 115.3 64.5 64.1

900 169.1

100 0 130.67 (130.87) 131.0

200 0 115.0 116.5

300 0 146.7 146.3

400 0 146.6 144.9

500 0 116.4 117.4

600 0 120.0 121.4

700 0 82.62 (82.64) 35.5

800 0 68.5 66.4

OMe 56.96 (56.98)

d in ppm from TMS as internal standard

4 J Nat Med (2010) 64:1–8
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methylene protons (H2-6) at dH 2.95 (dd, J = 16, 7 Hz)

and dH 3.11 (dd, J = 16, 4 Hz) and the carbonyl (C-7) at

dC 172.4. The attachment of the methoxyl group onto the

11-position was deduced by the observation of a long-range

correlation between the methoxyl protons at dH 3.72 (s)

and the carbonyl carbon (C-11) at dC 168.6 in the HMBC

spectrum. Thus, the phenylethyl moiety must be ester-

linked at the carboxyl group at the 7-position, albeit

through the phenol end the same as in 9 and opposite to

that of 1. This was further supported by the upfield shift

displayed by the aromatic signal at dC 150.6, assignable as

the C-400 as per comparison with 9 for which the signal also

appeared at dC 150.6. Furthermore, the methylene signal at

dC 64.1, assignable as the C-800 position, did not exhibit an

acylation-induced shift, similar to 9 for which the signal

appeared at the same chemical shift. The geometry of the

methyl group at C-8 was substantiated by careful inter-

pretation of the NOESY data. A significant NOE correla-

tion was observed between the methyl signal (dH 1.84, 3H,

dd, J = 7, 2 Hz) at the 8-position and the acetalic proton

(dH 6.31, s) at the 1-position, attributing the geometry of

the double bond to be Z as opposed to that of 9. It is

noteworthy that this NOE correlation was absent in the

case of 9. Furthermore, the absence of NOE correlation

between H-1 and H-5 and the presence of NOE correlations

between H-8 and H2-6 and H-8 and H-5 suggested the

orientation of H-5 to be in the position similar to that of 9

(Fig. 4). From the above evidence, the structure of griffi-

thoside B (2) was elucidated to be (8Z)-formoside.

Griffithoside C (3), [a]D
26 -92.5�, was obtained as an

amorphous powder with a molecular formula of C33H40O15,

as determined by HR-ESI-MS. Its IR spectrum showed

absorption bands characteristic for hydroxyl groups, an

aromatic ring, and two ester carbonyl carbons, one of which

is conjugated as observed for 2. The 1H-NMR spectrum

showed signals at dH 6.01 (1H, s) assigned to H-1 and

dH 6.17 (1H, q, J = 7 Hz) assigned to H-8, an anomeric

proton signal at dH 4.82 (1H, d, J = 8 Hz), a hydroxy-

methylene signal at dH 3.75 (2H, t, J = 7 Hz) together with

signals due to para-substituted aromatic protons at dH 7.00

and dH 7.24 (each 2H, d, J = 9 Hz) as well as 1,3,4-tri-

substituted aromatic protons at dH 6.78 (1H, d, J = 2 Hz),

dH 6.76 (1H, d, J = 8 Hz), and dH 6.67 (1H, dd, J = 8,

2 Hz) (Table 1). The 13C-NMR spectral data displayed 36

resonances (Table 2), which initially seemed to contradict

the molecular formula as determined by HR-ESI-MS.

Closer inspection of the spectrum showed duplicity of sig-

nals at dC 56.96 (56.98), dC 82.62 (82.64), and dC 130.67

(130.87) in a consistent 3:2 ratio suggesting the presence of

two isomeric compounds. Since the HR-ESI-MS spectrum

showed a single molecular ion peak, it was inferred that the

two compounds had the same molecular formula but

differed in the configuration around a chiral center. The
13C-NMR spectral data can then be interpreted to display 33

resonances, six of which are attributable to a b-glucopyr-

anosyl moiety, eight to a para-hydroxyphenylethyl moiety,

eight to a 1,3,4-trisubstituted phenylethyl moiety, one to a

methoxy group, and the remaining ten signals to a seco-

iridoid skeleton [2–7]. Comparison of the 1H-NMR spectral

pattern with those of other secoiridoids isolated from the

same plant revealed a similarity to that of safghanoside D

(7) [8] except for differences in the chemical shifts attrib-

uted to the phenylethyl group, esterified to the carboxyl

group at the 11-position, as well as the presence of a

methoxyl group (dH 3.23, 3H, s) (Table 1). Examination of

the 13C-NMR spectral pattern also showed the same simi-

larity to that of 7 (Table 2). The deshielded signals at

dC 68.5 and 82.62 (82.64) suggested that both C-7000 and

C-8000 were oxygenated. The HMBC experiment confirmed

that this phenylethyl moiety was esterified to the carboxyl

group at the 4-position by the observation of long-range

correlations between the oxymethylene protons (H2-8000) at

dH 4.21 (dd, J = 12, 7 Hz) and dH 4.13 (dd, J = 12, 4 Hz)

and the carbonyl carbon at dC 168.0. The attachment of the

methoxyl group at the 7000-position was substantiated by the

observation of long-range correlations between the meth-

oxyl protons at dH 3.23 (s) and the methine carbon (C-7000)
at dC 82.62 (82.64) as well as between the methine proton

(H-7000) at dH 4.33 (dd, J = 7, 4 Hz) and the methoxyl

carbon at dC 56.96 (56.98). Considering the aforementioned

duplicities in the 13C-NMR spectral data, it was inferred

that the two isomers differed in the configuration at the

C-7000 position. Thus the structure of 3 was elucidated to be

an inseparable mixture of (7000R) and (7000S)-griffithoside C.
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Compound 4, [a]D
26 ?129.2�, was obtained as an amor-

phous powder with a molecular formula of C25H30O13, as

determined by HR-FAB-MS. Its IR spectrum showed

absorption bands characteristic for hydroxyl groups, an

aromatic ring, a carboxylic acid moiety, and an ester car-

bonyl moiety. The 1H-NMR spectrum showed signals at

dH 5.47 (1H, d, J = 4 Hz) typical for H-1 of iridoid glu-

cosides with structures similar to loganic acid [9, 10]. The
13C-NMR spectrum showed 25 resonances (Table 2),

indicating the presence of a b-glucopyranosyl moiety, a

caffeoyl moiety, and an iridoid moiety. Examination of the
13C-NMR spectral pattern revealed a similarity to that of

7-caffeoyloganin 13 [11], except for the differences in the

chemical shifts of the cyclopentyl ring of the core iridoid

structure. The observation of a significant long-range cor-

relation between H-7 and the carbonyl carbon at dC 169.1

in the HMBC spectrum confirmed the attachment of the

caffeoyl group to the hydroxyl group at the 7-position.

Comparison of the spectral data of 4 with structurally

analogous compounds revealed key similarities to those of

senburiside II (14) [12], where the configuration at position

C-7 was R. This was also supported by the acylation-

induced shift displayed by the C-7 methine signal at

dC 82.5 compared with the free C-7 methine in 7-epilog-

anin (15), which appeared at dC 79.7 [13]. Considering the

above evidence, the structure of 4 was elucidated to be

7-epi-7-O-(E)-caffeoylloganic acid as shown in Fig. 1.

Eight known secoiridoid glucosides (5–12) identified as

fraxiformoside (5) [2], isoligustrosidic acid (6) [14], safg-

hanoside D (7) [8], isoligustroside (8) [2], formoside (9)

[6, 7], oleoside dimethyl ester (10) [14], 1000-O-b-gluco-

sylformoside (11) [6], and syringalactone A (12) [15] were

also isolated.

The isolated compounds were tested for radical-scav-

enging activity using the DPPH radical-scavenging system.

Griffithoside C (3), 7-epi-7-O-(E)-caffeoylloganic acid (4),

and safghanoside D (7) exhibited significant antioxidant

activities, with IC50 values of 42.4, 17.4, and 26.2 lM,

respectively, with 4 being comparable to the known anti-

oxidant Trolox (Table 3).

Experimental

General

IR spectra were obtained on a Horiba Fourier transform

infrared spectrophotometer FT-710. Optical rotation data

were measured on a JASCO P-1030 polarimeter. 1H- and
13C-NMR spectra were recorded on a JEOL JNM a-400

spectrometer at 400 and 100 MHz, respectively, with tet-

ramethylsilane (TMS) as an internal standard. HR-FAB

mass spectra (negative-ion mode) and HR-ESI mass

spectra (positive-ion mode) were recorded on a JEOL JMS-

SX 102 mass spectrometer and an Applied Biosystems

QSTAR XL System, respectively.

Highly porous synthetic resin Diaion HP-20 was pur-

chased from Mitsubishi Chemical Co., Ltd (Tokyo, Japan).

Silica gel column chromatography (CC) was performed on

silica gel 60 (70–230 mesh; E. Merck, Darmstardt, Ger-

many). Reversed-phase ODS open CC (RPCC) was per-

formed on Cosmosil 75C18-OPN (Nacalai Tesque, Kyoto,

Japan) [U = 2 cm, L = 40 cm, linear gradient of MeOH/

H2O (1:9, 1.5 l) ? (7:3, 1.5 l), 10-g fractions being col-

lected]. The DCCC (Tokyo Rikakikai, Tokyo, Japan) was

equipped with 500 glass columns (U = 2 mm, L = 40 cm),

and the lower and upper layers of a solvent mixture of

CHCl3/MeOH/H2O/1-PrOH (9:12:8:2) were used as the

mobile and stationary phases, respectively. Five-gram

fractions were collected and numbered according to their

order of elution with the mobile phase. HPLC was per-

formed on an ODS (Inertsil; GL Science, Tokyo, Japan;

U = 6 mm, L = 25 cm, flow rate 1.6 ml/min) column,

using a refractive index (RI) refractometer and/or UV

spectrophotometer for detection. Precoated silica gel 60

F254 plates (0.25-mm thickness; E. Merck) were used for

thin-layer chromatography (TLC) analyses, visualized by

spraying with a 10% solution of H2SO4 in ethanol and

heating to around 150�C on a hotplate.

Plant material

Leaves of F. griffithii were collected in Okinawa, Japan, in

June 2005, and a voucher specimen was deposited in the

Herbarium of Pharmaceutical Sciences, Graduate School of

Biomedical Sciences, Hiroshima University (05-FG-Oki-

nawa-0628).

Table 3 Antioxidant activity of compounds 1–12

Compound Inhibition at 50 lM (%)a IC50 (lM)

1 12.2 ± 0.30 [100

2 9.38 ± 0.82 [100

3 59.5 ± 2.85 42.4

4 92.9 ± 0.97 17.4

5 30.6 ± 6.58 [50

6 0.60 ± 0.15 [100

7 83.2 ± 5.41 26.2

8 41.8 ± 3.52 [50

9 38.2 ± 3.25 [50

10 9.12 ± 0.82 [100

11 6.56 ± 0.30 [100

12 17.9 ± 3.63 [50

Trolox 96.8 ± 0.30 15.4

a Expressed as average ± standard deviation
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Extraction and isolation

Air-dried leaves of F. griffithii (5.64 kg) were extracted

three times with MeOH (45 l 9 3) for 1 week under

ambient conditions, and then the MeOH extract was con-

centrated to 6 l in vacuo. The extract was washed with n-

hexane (6 l) and then the methanolic layer was concen-

trated to a viscous gum (n-hexane-soluble fraction, 46.8 g).

The residue was suspended in H2O (6 l) and then extracted

with EtOAc (6 l) to give 134 g of an EtOAc-soluble

fraction. The aqueous layer was extracted with 1-BuOH

(6 l) to give 746 g of a 1-BuOH-soluble fraction. The

remaining water layer was concentrated to furnish 242 g of

a water-soluble fraction.

An aliquot of the 1-BuOH-soluble fraction (209 g) was

applied to Diaion HP-20 CC (U = 60 mm, L = 65 cm)

and eluted with a stepwise gradient of MeOH/H2O (1:4,

2:3, 3:2, and 4:1; 6 l each) and MeOH (6 l), 500-ml frac-

tions being collected. The residue (33.3 g) eluted with 60%

MeOH in fraction 5 obtained on HP-20 CC was subjected

to silica gel CC (750 g) using CHCl3 (3 l), CHCl3/MeOH

(49:1, 24:1, 23:2, 9:1, 17:3, 4:1, 3:1, and 7:3; 4.5 l each),

and CHCl3/MeOH/H2O (70:30:4, 4.5 l), 500-ml fractions

being collected. The residue (1.09 g) in fractions 30–41 of

the 8% MeOH in CHCl3 eluate was further subjected to

RPCC to afford 14 fractions, the fourth fraction (65.5 mg)

from which was subsequently purified by HPLC (50%

MeOH in H2O) to give 23.6 mg of 10 from the peak at

12.6 min, and the sixth fraction (52.6 mg) was also purified

by HPLC (50% MeOH in H2O) to afford 11.0 mg of 1

(from the peak at 15.6 min). From the same RPCC

experiment, the ninth and 11th fractions were identified as

9 (179 mg) and 2 (32.8 mg), respectively.

The residue (1.92 g in fractions 42–49) of the 10%

MeOH in CHCl3 eluate was further subjected to RPCC

affording a residue (191 mg) from fractions 134–139 that

was subsequently purified by DCCC to yield 22.5 mg of 12

from fractions 94–102. From the same RPCC experiment,

the residue (50.1 mg) from fractions 157–162 was subse-

quently purified by DCCC to afford 10.7 mg of 3 in frac-

tions 91–107 and 12.0 mg of 8 in fractions 108–120. Also,

the residue (98.9 mg) from fractions 163–169 was subse-

quently purified by HPLC (45% MeOH in H2O) to give

39.1 mg of 7 from the peak at 33.6 min. The residue

(235 mg) from fractions 176–179 was identified as 5.

An aliquot (2.05 g) of the residue (14.0 g) in fractions

50–69 of the 15% MeOH in CHCl3 eluate was further

subjected to RPCC affording a residue (363 mg) in frac-

tions 145–152 that was subsequently purified by DCCC to

afford 68.4 mg of 6 in fractions 42–52.

The residue (1.72 g) in fractions 70–79 of the 30%

MeOH in CHCl3 eluate was further subjected to RPCC

affording a residue (165 mg) in fractions 112–117 that was

subsequently purified by DCCC to afford 36.0 mg of 4 in

fractions 16–23. From the same DCCC experiment, the

resulting residue from fractions 24–30 was subsequently

purified by HPLC (50% MeOH in H2O) to give 1.16 mg of

11 from the peak at 9.3 min.

Griffithoside A (1)

Amorphous powder. [a]D
26 ?10.1� (c 0.73, MeOH). IR mmax

(film) cm-1: 3,360, 2,920, 1,723 (b), 1,603, 1,514, 1,074,

1,029, 1,028, 670. UV kmax (MeOH) nm (log e): 276

(2.90), 209 (3.51). 1H-NMR (400 MHz, CD3OD) and
13C-NMR (100 MHz, CD3OD): Tables 1 and 2, respec-

tively. HR-ESI-MS (positive-ion mode) m/z: 519.1827

[M ? Na]? (Calcd for C24H32O11Na: 519.1836).

Griffithoside B (2)

Amorphous powder. [a]D
26 -62.1� (c 2.19, MeOH). IR mmax

(film) cm-1: 3,390, 2,920, 1,747, 1,702, 1,649, 1,600,

1,509, 1,284, 1,198, 1,074, 920, 670. UV kmax (MeOH) nm

(log e): 219 (3.23). 1H-NMR (400 MHz, CD3OD) and
13C-NMR (100 MHz, CD3OD): Tables 1 and 2, respec-

tively. HR-ESI-MS (positive ion mode) m/z: 547.1781

[M ? Na]? (Calcd for C25H32O12Na: 547.1785).

Griffithoside C (3)

Amorphous powder. [a]D
26 -92.5� (c 0.71, MeOH). IR mmax

(film) cm-1: 3,365, 2,920, 1,720, 1,701, 1,650, 1,512,

1,281, 1,197, 1,073, 670. UV kmax (MeOH) nm (log e): 281

(3.36), 229 (3.92). 1H-NMR (400 MHz, CD3OD) and
13C-NMR (100 MHz, CD3OD): Tables 1 and 2, respec-

tively. HR-ESI-MS (positive-ion mode) m/z: 699.2258

[M ? Na]? (Calcd for C33H40O15Na: 699.2259).

7-epi-7-O-(E)-Caffeoylloganic acid (4)

Amorphous powder. [a]D
26 ?129.2� (c 2.41, MeOH). IR

mmax (film) cm-1: 3,360, 2,920, 1,688, 1,631, 1,603, 1,515,

1,277, 1,190, 1,161, 1,073, 1,018. UV kmax (MeOH) nm

(log e): 325 (2.78), 220 (2.96). 1H-NMR (400 MHz,

CD3OD) and 13C-NMR (100 MHz, CD3OD): Tables 1 and

2, respectively. HR-FAB-MS (negative-ion mode) m/z:

537.1607 [M - H]- (Calcd for C25H29O13: 537.1607).

Antioxidant activity using the DPPH

radical-scavenging system

The antioxidant activity was evaluated using the DPPH

radical-scavenging system. Into a 96-well plate, 2-ll ali-

quots of the dimethyl sulfoxide (DMSO) solution of the

compounds were diluted with 98 ll of MeOH in triplicate.

J Nat Med (2010) 64:1–8 7
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A 100-ll aliquot of the methanolic solution of DPPH was

added to each well to a final concentration of 100 lM. The

compounds were tested at final concentrations of 50, 30,

10, and 5 lM. The mixture was incubated in the dark for

30 min at room temperature followed by measurement of

the absorbance at 515 nm using a Molecular Devices

Versamax tunable microplate reader. DMSO was used as a

negative control and Trolox as positive control. Radical-

scavenging activity was expressed as the inhibition per-

centage and was calculated using the following formula:

% Inhibition = Acontrol � Atestð Þ=Acontrol½ � � 100%

where Acontrol is the absorbance of the control (DMSO) and

Atest is the absorbance of the test compounds.
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