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A methanol extract of the flowers of Mammea siamensis (Calophyllaceae) was found to inhibit nitric oxide
(NO) production in lipopolysaccharide-activated RAW264.7 cells. From the extract, two new geranylated
coumarins, mammeasins A (1) and B (2), were isolated together with 17 known compounds including 15
coumarins. The structures of 1 and 2 were determined on the basis of their spectroscopic properties as

well as of their chemical evidence. Among the isolates, 1 (ICso=1.8 pM), 2 (6.4 uM), surangins B (3,
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5.0 uM), C (4, 6.8 pM), and D (5, 6.2 uM), kayeassamins E (7, 6.1 pM), F (8, 6.0 pM), and G (9, 0.8 uM),
mammea A/AD (11, 1.3 uM), and mammea E/BB (16, 7.9 pM) showed NO production inhibitory activity.
Compounds 1, 9, and 11 were found to inhibit induction of inducible nitric oxide synthase (iNOS). With
regard to mechanism of action of these active constituents (1, 9, and 11), suppression of STAT1 activation
is suggested to be mainly involved in their suppression of iNOS induction.

© 2012 Elsevier Ltd. All rights reserved.

1. Introduction

Mammea siamensis (Miq.) T. Anders. (Calophyllaceae), known in
Thai as “Sarapi”, is a small evergreen tree distributed in Thailand,
Laos, Cambodia, Vietnam, and Myanmar, etc. The flowers of this
plant have been used for a heart tonic in Thai traditional medi-
cine.’”7 By previous chemical studies on the flowers,2>%9 seeds,*$
twigs,!"> and barks’ of M. siamensis, presence of several couma-
rins,2457-® xanthones,'® triterpenoids. and steroids® have been
revealed. In the course of our characterization studies on bioactive
constituents in Thai natural medicines,'®2’ the methanol extract
of the flowers of M. siamensis was found to inhibit nitric oxide
(NO) production in lipopolysaccharide (LPS)-activated RAW264.7
cells. By bioassay-guided separation, two new geranylated couma-
rins, mammeasins A (1) and B (2), were isolated together with 17
known compounds including 15 coumarins (3-17). This paper
deals with the isolation and structural elucidation of these new
geranylated coumarins (1 and 2) as well as inhibitory effects of
the coumarin constituents on the LPS-activated NO production.
Furthermore, to clarify the mechanism of action of the NO produc-
tion inhibitory activity, effects of three active coumarins (1, 9, and
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11) on protein levels of inducible NO synthase (iNOS), activation of
mitogen-activated protein kinases (MAPK) [c-Jun N-terminal ki-
nase (JNK) and p38], and nuclear protein levels of phosphorylated
signal transducer and activator of transcription-1 (STAT1) (p-STAT1)
as well as nuclear factor k-B (NF-xB) were examined.

2. Results and discussion

2.1. Effect of methanol extract from the flowers of M. siamensis
on NO production in LPS-activated RAW264.7 cells

The dried flowers of M. siamensis (collected in Nakhonsithamm-
arat Province, Thailand) were extracted with methanol under re-
flux to yield a methanolic extract (25.66% from the dried flower).
The methanol extract was partitioned into an EtOAc-H,0 (1:1, v/
v) mixture to furnish an EtOAc-soluble fraction (6.84%) and an
aqueous phase. The aqueous phase was subjected to Diaion HP-
20 column chromatography (H,O — MeOH) to give H,O- and
MeOH-eluted fractions (13.50% and 4.22%, respectively). As shown
in Table 1, the methanol extract was found to inhibit LPS-activated
NO production in RAW264.7 cells (ICsg = 28.9 pg/mL). By bioassay-
guided fractionation, the EtOAc-soluble fraction was found to be
the active fraction (ICsq = 8.3 pg/mL), although the fraction exhib-
ited cytotoxic effects in MTT assay. On the other hand, the MeOH-
and H,0-eluted fractions showed no activity.
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Table 1
Inhibitory effects of the methanolic extract and its fractions from the flowers of M. siamensis on LPS-activated NO production in RAW264.7 cells

4969

Inhibition (%)*

ICso (ng/mL)

0 pg/mL 10 pg/mL 30 pg/mL 100 pg/mL
MeOH extract 00£1.9 381214 55.7£0.8° 64.60.7° (86.7 £1.7) 289
EtOAc-soluble fraction 0.0+14 60.4+0.9° 65.0+1.9°¢ (45.8£1.6) 95.8£0.2°¢(27.3+1.1) 8.3
MeOH-eluted fraction 0.0+4.2 3537 7.8+1.3 15.2+1.5° >100
H,0-eluted fraction 00:14 5.0%0.8 7.6+0.9 ~1.7£1.7 >100

* Each value represents the mean + SEM (N=4).
b Significantly different from the control, p < 0.01.

¢ Cytotoxic effects were observed, and values in parentheses indicate cell viability (%) in MTT assay.

2.2. Chemical constituents from the flowers of M. siamensis

The EtOAc-soluble fraction was subjected to silica gel and ODS
column chromatography and finally HPLC to furnish mammeasins
A(1,0.0293% from the dried flower) and B (2, 0.0123%). Additionally,
15 coumarins, surangins B*25-39(3, 0.0337%), C3'2(4,0.0571%), and
D7 (5, 0.0632%), kayeassamins A>3 (6, 0.0578%), E34 (7, 0.0113%), F>*
(8,0.0390%), and G4 (9, 0.0171%), mammea A/AC3>>% (10, 0.0555%),
mammea A/AD*7 (11, 0.0022%), mammea A/AB cyclo D% (12,
0.0047%), mammea A/AC cyclo D*® (13, 0.0077%), mammea B/AB
cyclo D738 (14, 0.0016%), mammea B/AC cyclo D® (15, 0.0055%),

mammeasin A (1):R = Ac
kayeassamin A (6):R =H

mammeasin B (2):R = Ac
surangin D (5):R=H

mammea E/BB*3® (16, 0.0194%), and deacetylmammea E/BC cyclo
D® (17, 0.0073%), and B-amyrin®® (0.0072%) and benzoic acid®®
(0.0043%) were isolated from this plant material (Fig. 1).

2.3. Structures of mammeasins A (1) and B (2)

Mammeasin A (1) was obtained as a pale yellow oil with nega-
tive optical rotation ([a]p?’ —25.4 in CHCl). Its IR spectrum
showed absorption bands at 3503, 1748, 1717, and 1609 cm™
ascribable to hydroxyls, ester carbonyl, o,p-unsaturated y-lactone,
and chelated acyl groups. The UV spectrum exhibited absorption

surangin B (3):R = Ac
surangin C (4):R=H

mammea A/AC (10) mammea A/AD (11)

mammea A/AB cyclo D (12)

mammea A/AC cyclo D (13)

mammea B/AB cyclo D (14) mammea B/AC cyclo D (15) mammea E/BB (16) deacetylmammea E/BC cyclo D (17)

Figure 1. Coumarin constituents (1-17) from the flowers of M. siamensis.
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Table 2
"H NMR (700 MHz, CDCl3) data on mammeasins A (1) and B (2)

Position 1 2
u (J, Hz) 8y (J, Hz)
3 627 (1H, d, 1.1) 627 (d, 1.1)
1 6.48 (1H, ddd, 1.1, 2.4, 8.0) 6.48 (1H, ddd, 1.1, 2.6, 7.9)
2 1.68 (1H, m) 1.68 (1H, m)
1.95 (1H, ddgq, 2.4, 14.4, 7.2) 1.95 (1H, m)
3 1.00 (3H, dd, 7.2, 7.2) 1.00 (3H. dd, 7.2, 7.2)

17 3.48 (1H. dd, 7.4, 16.5) 3.48 (1H, dd, 7.2, 16.7)
3.51 (1H, dd, 7.0, 16.5) 3.52 (1H, dd, 7.4, 16.7)

2 5.24 (1H, ddg, 7.0, 7.4, 1.0) 5.25 (1H, ddg, 7.0, 7.2, 1.0)

4 2.11 (2H, m) 2.12 (2H, m)

5 1.86 (3H. d, 1.0) 1.86 (3H, brs)

6 2.11 (2H, m) 2.12 (2H, m)

7" 5.06 (1H, m) 5.06 (1H, m)

o 1.68 (3H. s) 1.68 (3H, s)

10" 1.60 (3H, d, 0.8) 1.60 (3H, d, 0.8)

2m 327 (2H.t,7.2) 3.12 (1H, dd, 6.6, 15.9)

3.17 (1H, dd, 6.6, 15.9)

3 1.78 (2H, tgq, 7.2, 7.4) 2.27 (1H, m)

qm 1.04 (3H, t, 7.4) 1.03 (3H, d, 6.7)

5 1.03 (3H, d, 6.7)

17-0Ac 218 (3H.s) 2.18 (3H, s)

7-0H 14.69 (1H, 5) 14.67 (1H, s)

maxima at 223 and 330 nm, similar to those of 5,7-dioxygenated
coumarins.>*33437 The EIMS spectrum of 1 showed a molecular
ion peak at m/z 484 (M"), and the molecular formula was deter-
mined as CpgH360- by high-resolution EIMS measurement. The
'H and '*C NMR spectra of 1 (CDCls, Tables 2 and 3), which were
assigned by means of various NMR experiments,*! showed signals
assignable to two primary and three vinyl methyls [ 1.00 (3H, dd,
J=72, 7.2 Hz, H5-3"), 1.04 (3H, t, J= 7.4 Hz, H3-4""), 1.60 (3H, d,
J=0.8Hz, Hs;-10"), 1.68 (3H, s, H3-9"), 1.86 (3H, d, J=1.0Hz

Table 3

3C NMR (175 MHz, CDCl;) data on mammeasins A (1)

and B (2)
Position 1 2

dc 3¢
2 159.5 1594
3 106.4 106.4
4 157.3 157.1
4a 100.4 100.4
5 158.3 158.3
6 110.2 110.2
7 165.7 165.7
8 104.6 104.6
8a ) 156.2 156.2
1 73.7 737
2 - 28.7 28.7
3 101 10.1
1” 216 21.6
27 120.0 119.7
37 142.6 1425
4" 39.7 39.7
5" 16.5 16.5
6" 264 264
7" 1233 1233
8" 1323 1323
9" 25.7 256
107 17.7 17.7
1 206.5 206.3
2" 46.8 53.6
3" 18.1 256
4" 13.8 226
57 226
1'-0Ac 1704 1703
21.1 21.0

Hs-5")], six methylenes {6 {1.68 (1H, m), 1.95 (1H, ddq,J = 2.4, 144,
7.2 Hz), H-2'], 1.78 (2H, tq,J = 7.2, 7.4 Hz, H>-3""), 2.11 (4H, m, H,-
4", 6"),3.27 (2H, t,] = 7.2 Hz, H,-2""), [3.48 (1H, dd, ] = 7.4, 16.5 Hz),
3.51 (1H, dd,J = 7.0, 16.5 Hz), H,~1"]}, a methine bearing an oxygen
function [§ 6.48 (1H, ddd, J = 1.1, 2.4, 8.0 Hz, H-1')], and three ole-
finic protons [§ 5.06 (1H, m, H-7"),5.24 (1H, ddq,J= 7.0, 74, 1.0 Hz,
H-2"),6.27 (1H, d,J = 1.1 Hz, H-3)] together with an acetyl group [
2.18 (3H, s); éc 21.1, 170.4]. The 'H and '3C NMR spectroscopic
properties of 1 were quite similar to those of 6, except for the sig-
nal due to the acetyl group. The 'H-"H COSY experiment on 1 indi-
cated the presence of partial structures shown in bold lines in
Figure 2. In the HMBC experiment, long-range correlations were
observed between the following proton and carbon pairs (H-3
and C-2, 4a, 1’; H-1’ and C-3, 4a, 1-OCOCH;s; H>-1” and C-5-7;
H-2" and C-6, 3”, 5”; Hy-4” and C-3”; H,-7" and C-9”, 10”; H3-5"
and C-2"-4":; H3-9"” and C-7”, 8", 10”; H3-10” and C-7"-9"; H,-2"
and C-1"). In order to elucidate the absolute stereostructure, 1
was chemically related to 6, for which the absolute configuration
at the C-1’ was reported.>® As shown in Figure 3, acetylation of 6
with acetic anhydride (Ac;0) in pyridine furnished 1, so that the
absolute configuration at the C-1' was determined to be S
orientation.

Mammeasin B (2) was also isolated as a pale yellow oil with
negative optical rotation ([a]p?® —18.4 in CHCls). The EIMS of 2
showed a molecular ion peak at m/z 498 (M"), and the molecular
formula was determined as CgH3g0O7, by high-resolution EIMS
measurement. The 'H and *C NMR spectroscopic properties of 2
were similar to those of 1, and showed signals assignable to a pri-
mary, two secondary, and three vinyl methyls [§ 1.00 (3H, dd,
J=72,7.2Hz, Hs-3'), 1.03 (6H, d, J=6.7 Hz, H3-4", 5"), 1.60 (3H,
d,]=0.8 Hz, H3-10"), 1.68 (3H, s, H3-9"), 1.86 (3H, br s, H3-5")}, five
methylenes {6 1.68, 1.95 (1H each, m, H»-2"), 2.12 (4H, m, H-4",
6”), 3.12, 3.17 (1H each, both dd, J=6.6, 15.9 Hz, H,-2"), [3.48
(1H, dd, J=7.2, 16.7 Hz), 3.52 (1H, dd, J=74, 16.7 Hz), H>-1"]}, a
methine [6 2.27 (1H, m, H-3"")], a methine bearing an oxygen func-
tion [§ 6.48 (1H, ddd, J=1.1, 2.6, 7.9 Hz, H-1")], and three olefinic
protons [6 5.06 (1H, m, H-7"), 5.25 (1H, ddq, J=7.0, 7.2, 1.0 Hz,
H-2"), 6.27 (1H, d, ] = 1.1 Hz, H-3)] together with an acetyl group
[6 2.18 (3H, s); 5c 21.0, 170.3]. The 'H and ">C NMR spectroscopic
properties of 2 were superimposable on those of 5, except for the
singals due to the acetyl group. As shown in Figure 2, the connec-
tivity of the acetyl group in 2 was elucidated on the basis of the -
'H—"H COSY and HMBC experiments. In addition, 2 was obtained
by acetylation of 5 as shown in Figure 3. Thus, the planar structure
of 2 was characterized to be as shown. Since the absolute stereo-
chemistry of 5 has been uncharacterized, the absolute configura-
tion of the C-1' position in 5 was determined in the present
study by the modified Mosher's method.** Thus, 5 was derived
to the corresponding MTPA esters, 1'-(R)-MTPA ester (5a) and
1'-(S)-MTPA ester (5b), by treatment with (S)~(+)-o-methoxy-o-
(trifluoromethyl)phenylacetic chloride [(S)-(+)-MTPA-CI] and its
(R)-isomer, respectively, in pyridine. As shown in Figure 3, signal
due to the proton at C-3 in 5b was observed at lower field com-
pared with that of 5a [Ad: positive], while the signals due to pro-
tons at C-2' and C-3' in 5b were observed at higher field
compared with those of 5a [Ad: negative]. Thus, the absolute con-
figuration at C-1’ of 5 was determined to be S orientation. Conse-
quently, the absolute stereostructures of 2 and 5 were elucidated
to be as shown in Figure 3.

2.4. Inhibitory effects on LPS-activated NO production in
RAW264.7 cells

Inflammation is a systemic response aimed to decrease the tox-
icity of harmful agents and repair damaged tissue.*> A key feature
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(o)
1.R=Ac

a)
6:R=H :]

Reagents and conditions:
a) Ac,0 / pyridine, r.t., 24 h, 1 (quant. from 6), 2 (88% from 5)
b) (S)- or (R)-MTPACI / pyridine, r.t., 24 h, 5a: 26%, 5b: 14%

w H-H COSY
2 — HMBC

5a: R = (R)-MTPA
5b: R = (5)-MTPA

Ad= 85 -8R
Aé values in ppm

Figure 3. Absolute stereostructures of 1, 2, and 5.

of the inflammatory response is the activation of phagocytic cells
involved in host defense, which produce an oxidative burst of reac-
tive oxygen, chlorine, and nitrogen species. 344,

Macrophages play major roles in the immunity and inflamma-
tory responses involved in host defense. Once activated, they initi-
ate the production of cytokines, oxygen and nitrogen species, and
eicosanoids. In macrophages, bacterial lipopolysaccharide (LPS) is
best able to induce the transcription of genes encoding pro-inflam-
matory proteins. The stimulation results in the release of cytokines
and synthesis of enzymes such as inducible nitric oxide synthase

in inflammatory and immune reactions*>#® It is synthesized
through the -arginine pathway by three types of nitric oxide syn-
thase (NOS): endothelial NOS (eNOS), neural NOS (nNOS) and
iNOS.47“8 eNOS and nNOS are constitutively expressed at low lev-
els. Under normal physiological conditions, iNOS is dormant in
resting cells, but under pathological conditions, it produces a large
amount of NO leading to a 10-fold higher level of eNOS by inter-
feron-y (IFNY) and LPS**%® and plays a dual role in chronic infec-
tion, inflammation and carcinogenesis.*®3! As a part of our
studies to characterize the bioactive components of natural medi-

(iNOS). The nitric oxide (NO) radical is known to play a central role cines, we have investigated various NO production inhibitors,!%%2-5%

Table 4

Inhibitory effects of the constituents from the flowers of M. siamensis on LPS-activated NO production in RAW264.7 cells

Inhibition (%) 1Csq (ULM)
0 M 1M 3uM 10 uM 30 uM

Mammeasin A (1) 0013 275%24°  729+105°¢(56.4%19) 88.1:09°°(24.1£0.8) 92.0+1.0° (102 £0.1) 1.8
Mammeasin B (2) 00220 06+29 31.1£6.7°¢(60.3 £ 2.4) 64.7 £2.2°¢(20.2 £ 0.8) 882214 (13.6+£04) 6.4
Surangin B (3) 00215 85+0.5 35.7+ 0.6 (67.1£4.3) 74.3£0.7°° (423 £1.2) 91.1+1.15¢(18.1204) 5.0
Surangin C (4) 00£29 181+0.7° 40.8zx1.6° 56.7 £0.8°¢ (61.7 £ 0.9) 71.3 £0.6 (42.9£0.8) 6.8
Surangin D (5) 00+14 227+03%  41.1:08° 55.4+1.0° 74.0+0.8° (104.5+3.4) 6.2
Kayeassamin A (6) 0.0+20 5.0+4.7 15.0£1.4° 29.7+1.8° 56.6 +1.2° (824 1.3) 26.6
Kayeassamin E (7) 0.0£0.7 387+1.0° 388x0.2° 67.1 0.6 (42.8£2.3) 63.8+ 1.6 (422 £1.3) 6.1
Kayeassamin F (8) 00£26 31.4+06° 413:1.0° 60.7 £+1.8°(55.2£2.4) 63.1+1.0°°(31.5+0.9) 6.0
Kayeassamin G (9) 00+1.9 51.0+06°> 559+1.2° 81.5+0.6°¢ 72.3%0.3%¢(83.7£1.2) 0.8
Mammea A/AC (10) 0.0+14.9 0619 14.2£3.0 46.9+5.3° 67.6£0.9°(96.8+1.7) 13.0
Mammea A/AD (11) 00£1.5 337£21° 8341085 (57.21£09) 89.4+0.87(27.2£0.9) 102,604 (10.1£0.5) 1.3
Mammea A/AB cyclo D (12) 00%13 129+1.0° 183+1.1° >30
Mammea AJAC cycio D (13) 00£1.7 94+14 14.3+0.8" >30
Mamimea B/AB cyclo D (14) 00£05 10.6+0.5° 13.3£1.5° >30
Mammea B/AC cyclo D (15) 0.0x0.7 9.9+ 040 13.8 £0.5° >30
Mammea E/BB (16) 0011 -15%14 24.2+2.0°¢(553£3.2) 50.5+1.1°°(29.9£2.3) 89.1+0.3°(11.0£0.3) 7.9
Deacetylmammea E/BC cyclo D (17)  0.024 151£1.9 202+2.5° 33.1£2.0° 623+1.1° (1069 + 4.8) 19.7
$B202190 00+26 36.8+1.7° 702£0.3% (81.4£1.7) ca. 16
CAPE>® 0.0£0.7 5420 457 +£3.2° 98.4+0.8°° (76.446.1) 1003 +0.1°¢ (15.6£0.7) 3.8

2 Each value represents the mean + SEM (N=4).
b Significantly different from the control, p < 0.01.
¢ Cytotoxic effects were observed, and values in parentheses indicate cell viability (%) in MTT assay.
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As a continuation of these studies on bioactive constituents of
natural medicines, the effects of the coumarin constituents (1-
17) from the flowers of M. siamensis on NO production from LPS-
activated RAW264.7 cells were examined, and the results were
summarized in Table 4. As the result, compounds 1-11, 16, and
17 showed NO production inhibitory activities (ICs9=0.8-
26.6 uM), although half of them (1, 2, 3,4, 7, 8, 11, and 16) showed
considerable cytotoxic effects even at low concentrations in the
MMT assays. Among the active compounds, kayeassamin G (9)
was found to be the most potent, and strongly inhibited the pro-
duction of NO (ICsg 0.8 uM) without notable cytotoxic effects at
the effective concentrations (<10 pM). Whereas mammeasin A (1,
[Cs0= 1.8 nM) and mammea A/AD (11, 1.3 uM) showed consider-
able cytotoxic effects although they inhibited the NO production
to the same extent as 9. It is noteworthy that the hydroxyl at C-7
was essential for the strong activity. Once the hydroxyl was
masked as the 2,2-dimethylchromene moiety (12-15), they signif-
icantly lost the activity. With respect to the substituents at C-4, C-
6, and (-8, no distinct relationships were detected between the
structures and the activity in the present study. Regardless of the
‘structure of the substituents, all the tested compounds bearing
the C-7 hydroxyl showed a certain degree of activity.

2.5. Inhibitory mechanism of 1, 9, and 11 on iNOS induction

NF-xB is a major transcription factor involved in iNOS and TNF-
o gene expression. NF-xB is present as an inactive form due to
combination with an inhibitory subunit, IxB, which keeps NF-xB
in the cytoplasm, thereby preventing activation of the target gene
in the nucleus. Cellular signals lead to phosphorylation of IxB fol-

lowing elimination of [xB from NF-kB by proteolytic degradation.
Then, the activated-NF-kB is released and translocated into the nu-
cleus to activate transcription of its target genes.° Inhibition of
iNOS enzyme activity or iNOS induction and inhibition of NF-kB
activation may be of therapeutic benefit in various types of inflam-
mation.“s’s"m

First, the effects of three coumarins (1, 9, and 11) on iNOS
induction were examined. iNOS was detected at 130 kDa after a
20-h incubation with LPS by sodium dodecylsulfate-polyacryi-
amide gel electrophoresis (SDS-PAGE)-Western blot analysis. As
shown in Figure 4, iNOS induction in LPS-activated RAW264.7 cells
was suppressed by 1, 9, and 11, and it was closely related to their
inhibitions of NO production. These results suggested that the
three coumarins (1, 9, and 11) inhibited NO production due to their
inhibitory activities against iNOS induction in LPS-activated
RAW264.7 cells. However, the NF-xB levels in a nuclear protein
fraction were not reduced by 1, 9, and 11 (Fig. 5). Therefore, other
mechanisms of action were suggested to exist.

The MAPK superfamily of serine/threonine kinases is an impor-
tant component of cellular signal transduction and also appears to
play important roles in inflammatory processes. At least, three
MAPK cascades; extracellular signal-regulated kinase (ERK), JNK,
and p38 are involved in inflammation.52-%* Recently, inhibitors of
the phosphorylation of JNK; but not of ERK, were reported to re-
duce LPS-stimulated NO production.®® In contrast, Hwang et al. re-
ported that the inhibitors of phosphorylation of ERK and p38, but
not of JNK, reduced LPS-stimulated NO production.5® In our previ-
ous study,’® a MAPK-ERK kinase 1 (MEK1) inhibitor (PD98059) act-
ing on the phosphorylation of ERK and an ERK inhibitor
(FR180204) showed less inhibition against the production of NO;

LPS(+)

LPS(-)

mammeasin A (1)
iNOS

1 3 10 30 (uM)

p-actin
kayeassamin G (9)

iINOS

pB-actin

mammea A/AD (11)
iINOS

f-actin

S e

s s oo

PR — I

CAPE
iNOS

B-actin

Figure 4. Effects of 1,9, 11, and CAPE on iNOS protein levels.
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LPS(-)
mammeasin A (1)
NF-xB
p-STAT

kayeassamin G (9)
NF-xB

p-STAT1

e

mammea A/AD (11)
NF-xB

p-STAT1

e -

Figure 5. Effects of 1, 9, and 11 on nuclear protein levels of NF-xB and p-STAT1.

—2.4+1.1% inhibition at 100 uM and 7.2 #2.2% inhibition at
10 pM, respectively. While a JNK inhibitor (SP600125) significantly
inhibited the production of NO (74.6 £ 0.6% inhibition at 30 uM,
ICso =17 pM) consistent with the previous report by Lin et al.5®
Furthermore, an inhibitor of phosphorylation of p38, SB202190,
showed significant inhibition (ICsg=ca. 16 uM) (Table 4). These
findings suggested that phosphorylations of JNK and p38 are
important steps for expression of iNOS under our experimental
conditions. However, in the present study, the active coumarins
(1,9, and 11) did not inhibit the phosphorylations of these MAP ki-
nases (Fig. 6).

Signal transducer and activator of transcription-1 (STAT1) as
well as NF-xB are also important nuclear factor for iNOS expres-
sion, and STAT1 is known to activate by IFNp or IFNy. Transcription
of IFNB by LPS via Toll-like receptor-4 (TLR4) is reported to be inde-
pendent of activation of NF-kB, but LPS induce the IFNf via activa-
tion of IFN-regulatory factor-3 (IRF3) in macrophages. The STAT1 is
phosphorylated and translocated into the nucleus to activate tran-
scription of its target genes including iNOS.%7-%° Therefore, in the
present study, effects of 1, 9, and 11, on phosphorylated STAT1
(p-STAT1) in the nuclear protein fraction were examined. As a re-
sult, the protein levels of p-STAT1 in nuclear protein fraction were
reduced by 1, 9, and 11 in a concentration-dependent manner
(Fig. 5). These findings suggest that inhibition of STAT1 activation
is mainly involved in the inhibitory effects on iNOS expression by
1,9, and 11. The detailed mechanism of action including the differ-
ence in cytotoxic effects should be studied further.

3. Experimental
3.1. General

The following instruments were used to obtain spectral and
physical data: specific rotations, Horiba SEPA-300 digital polarim-
eter (I=5cm); UV spectra, Shimadzu UV-1600 spectrometer; IR
spectra, Shimadzu FTIR-8100 spectrometer; '"H NMR spectra, JEOL
JNM-ECA700 (700 MHz), JNM-ECA600 (600MHz), and JNM-
ECS400 (400 MHz) spectrometers; **C NMR spectra, JEOL JNM-
ECA700 (175 MHz), JNM-ECA600 (150 MHz), and JNM-ECS400
(100 MHz) spectrometers with tetramethylsilane as an internal
standard; EIMS and HREIMS, JEOL JMS-GCMATE mass spectrome-

ter; FABMS and HRFABMS, JEOL JMS-SX 102A mass spectrometer;
HPLC detector, Shimadzu SPD-10A UV-VIS detector (230 nm);
HPLC column, Cosmosil 5C;g-MS-Il and ntNAP (250 x 4.6 mm i.d.
and 250 x 20 mm i.d. for analytical and preparative purposes,
respectively).

The following experimental conditions were used for chroma-
tography (CC): highly porous synthetic resin, Diaion HP-20 (Mitsu-
bishi Chemical, Tokyo, Japan); normal-phase silica gel CC, silica gel
60N (Kanto Chemical Co., Ltd., Tokyo, Japan; 63-210 mesh, spher-
ical, neutral); reversed-phase ODS CC, Chromatorex ODS DM1020T
(Fuji Silysia Chemical, Ltd., Aichi, Japan; 100-200 mesh); TLC, pre-
coated TLC plates with silica gel 60F;s4 (Merck, 0.25mm)
(normal-phase) and silica gel RP-18 Fjs45 (Merck, 0.25 mm)
(reversed-phase); reversed-phase HPTLC, pre-coated TLC plates
with silica gel RP-18 WF,s45 (Merck, 0.25 mm), detection was
achieved by spraying with 1% Ce(S04),-10% aqueous H,SOy,
followed by heating.

3.2. Plant material

The flower of M. siamensis was collected in Nakhonsithammarat
Province, Thailand on September 2006. The plant material was
identified by one of the authors (Y.P.). A voucher specimen
(2006.09. Raj-04) of this plant is on file in our laboratory.

3.3. Extraction and isolation

Dried flowers of M. siamensis (1.8 kg) were extracted three
times with MeOH under reflux for 3 h. Evaporation of the com-
bined extracts under reduced pressure provided a MeOH extract
(463.7 g, 25.66%). An aliquot (413.7 g) was partitioned into an
EtOAc-H,0 (1:1, v/v) mixture to furnish an EtOAc-soluble fraction
(110.34 g, 6.84%) and an aqueous phase. The aqueous phase was
subjected to Diaion HP-20 CC (2.4 kg, H,0 — MeOH, twice) to give
H,0-eluted (217.70 g, 13.50%) and MeOH-eluted (68.10 g, 4.22%)
fractions, respectively. An aliquot (89.45 g) of the EtOAc-soluble
fraction was subjected to normal-phase silica gel CC [3.0 kg, n-hex~
ane-EtOAc (10:1 — 7:1 — 5:1, v/v) — EtOAc — MeOH] to give 11
fractions [Fr. 1 (3.05¢g), Fr. 2 (2.86¢g), Fr. 3 (11.71¢g), Fr. 4
(1.62¢g), Fr. 5 (4.15g), Fr. 6 (6.29¢g), Fr. 7 (2.21 g), Fr. 8 (2.94 g),
Fr. 9 (10.23 g), Fr. 10 (11.17 g), and Fr. 11 (21.35 g)]. The fraction
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Figure 6. Effects of 1, 9, and 11 on SAPK/INK; p-SPK/JNK, p-p38, and p38 protein levels.

3 (11.71g) was subjected to reversed-phase ODS CC [340g,
MeOH-H,0 (90:10 — 95:5, v/v) — MeOH — acetone] to afford se-
ven fractions [Fr. 3-1 (49.3 mg), Fr. 3-2 (3109.8 mg), Fr. 3-3
(4679.3 mg), Fr. 3-4 (1089.1 mg), Fr. 3-5 (1034.0 mg), Fr. 3-6
(280.8 mg), and Fr. 3-7 (85.6 mg)]. The fraction 3-4 (497.9 mg)
was purified by HPLC [Cosmosil 5C;g-MS-Il, MeOH-1% aqueous
AcOH (90:10, v/v)] to give mammea A/AB cyclo D (12, 27.8 mg,
0.0047%), mammea A/AC cyclo D (13, 46.0 mg, 0.0077%), mammea
B/AB cyclo D (14, 9.8 mg, 0.0016%), and mammea B/AC cyclo D (15,
32.9 mg, 0.0055%). The fraction 3-5 (502.8 mg) was purified by
HPLC [Cosmosil 5C;g-MS-II, MeOH-1% aqueous AcOH (95:5, v/v)]
to give surangins C (4, 8.2mg, 0.0013%) and D (5, 24.9 mg,
0.0039%), and B-amyrin (46.0 mg, 0.0072%). The fraction 6
(6.29 g) was subjected to reversed-phase ODS CC [200 g, MeOH-
H,0 (80:20 — 90:10 — 95:5, v/v) » MeOH - acetone] to afford
10 fractions [Fr. 6-1 (44.7 mg), Fr. 6-2 (157.2 mg), Fr. 6-3
(928.8 mg), Fr. 6-4 (3117.0mg), Fr. 6-5 (128.8 mg), Fr. 6-6
(487.1 mg), Fr. 6-7 (230.8mg), Fr. 6-8 (280.5mg), Fr. 6-9
(102.9 mg), and Fr. 6-10 (96.5 mg)]. The fraction 6-3 (514.6 mg)

was purified by HPLC [Cosmosil 5Cg-MS-II, MeOH-1% aqueous
AcOH (80:20, v/v)] to give mammea A/AC (10, 35.6 mg, 0.0049%),
mammea A/AD (11, 15.8 mg, 0.0022%), and mammea E/BB (16,
140.1 mg, 0.0194%). The fraction 6-4 (536.2 mg) was purified by
HPLC [Cosmosil 5C;g-MS-1I, MeOH-1% aqueous AcOH (90:10, v/
v)] to give mammeasins A (1, 65.8 mg, 0.0293%) and B (2,
21.6 mg, 0.0096%), surangin B (3, 58.2mg, 0.0259%), and 10
(112.6 mg, 0.0501%). The fraction 6-5 (128.8 mg) was purified by
HPLC [Cosmosil 5C;g-MS-II, MeOH~1% aqueous AcOH (90:10, v/
v)] to give 2 (24.1 mg, 0.0019%) and 3 (15.1 mg, 0.0012%). The frac-
tion 6-6 (487.1 mg) was purified by HPLC [Cosmosil 5C;g-MS-II,
MeOH-1% aqueous AcOH (90:10, v/v)] to give 10 (6.0 mg,
0.00050%). The fraction 9 (10.23 g) was subjected to reversed-
phase ODS CC [300g, MeOH-H,O (80:20-90:10, v/
v) - MeOH - acetone] to afford five fractions [Fr. 9-1
(2809.0 mg), Fr. 9-2 (5678.0mg), Fr. 9-3 (385.9mg), Fr. 9-4
(422.0 mg), and Fr. 9-5 (51.9 mg)]. The fraction 9-1 (544.5 mg)
was purified by HPLC [Cosmosil 5Cg-MS-1I, MeOH-1% aqueous
AcOH (85:15, v/v)] to give kayeassamins E (7, 28.6 mg, 0.0113%),
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F (8, 987mg 00390%), and G (9, 43.4mg 00171%),
deacetylmammea E/BC cyclo D (17, 18.6 mg, 0.0073%), and benzoic
acid (10.9 mg, 0.0043%). The fraction 9-2 (526.2 mg) was purified
by HPLC [Cosmosil 5C;g-MS-Il, MeOH-1% aqueous AcOH (90:10,
v/v)] to give 4 (63.6 mg, 0.0525%), 5 (66.7 mg, 0.0551%), and kaye-
assamin A (6, 68.1 mg, 0.0562%). The fraction 9-3 (385.9 mg) was
purified by HPLC [Cosmosil 5C;5-MS-1I, MeOH-1% aqueous AcOH
(90:10, v/v)] to give 4 (43.1 mg, 0.0033%), 5 (54.3 mg, 0.0042%),
and 6 (20.5 mg, 0.0016%).

3.3.1. Mammeasin A (1)

Pale yellow oil, [o]p?’ —29.7 (c 1.08, MeOH), [a]p*’ -25.4 (c
1.08, CHCl3). EIMS (m/z, %): 484 (M*, 7), 301 (100). High-resolution
EIMS: Anal. Calcd for CygHsg07 (M*): 484.2461. Found: 484.2466.
UV [MeOH, nm (loge)l: 223 (4.62), 330 (4.65). IR (film): 3503,
1748, 1717, 1609, 1458, 1399, 1233, 1194, 1136 cm™". 'H NMR
(700 MHz, CDCls) &: given in Table 2. 13C NMR (175 MHz, CDCl5)
Sc: given in Table 3. .

3.3.2. Mammeasin B (2)

Pale yellow oil, [a]p?’ —19.2 (c 0.30, MeOH), [2]p%® —18.4 (c
0.30, CHCl3). EIMS (m/z, %): 498 (M", 8), 315 (100). High-resolution
EIMS: Anal. Calcd for CygH350; (M™): 498.2618. Found: 498.2622.
UV [MeOH, nm (loge)]: 223 (4.48), 331 (4.58). IR (film): 3500,
1744, 1719, 1607, 1458, 1404, 1233, 1196, 1132 cm™'. 'H NMR
(700 MHz, CDCl3) &: given in Table 2. '3C NMR (175 MHz, CDCl3)
Sc: given in Table 3.

3.4. Acetylation of surangin D (5) and kayeassamin A (6)

To a solution of 5 (4.5 mg) in pyridine (1.0 mL) was added
Ac,0 (0.8 mL), and the mixture was stirred at room temperature
for 24 h. The reaction mixture was poured into water and the
resulting mixture was extracted with EtOAc. The extract was
washed with 5% aqueous HCl, saturated aqueous NaHCOs, and
brine, then dried over anhydrous MgSO, and filtered. Removal
of the solvent under reduced pressure gave a pale yellow oil,
which was purified by HPLC [Cosmosil 5C;g-MS-II, MeOH-1%
aqueous AcOH (90:10, v/v)] to furnish 1 (4.3 mg, 88%). According
to the similar procedure, 2 (4.2 mg, quant.) was obtained from 6
(3.6 mg).

3.5. Preparation of (R)-MTPA ester (5a) and (S)-MTPA ester (5b)
from surangin D (5)

A solution of 5 (2.3 mg) in pyridine (1.0 mL) was treated with
(S)~(+)-o-methoxy-o~(trifluoromethyl)phenylacetic chloride [(S)-
(+)-MTPA-Cl, 7.5 pL] and the mixture was stirred at room temper-
ature for 24 h. The reaction mixture was poured into ice-water and
extracted with EtOAc. The extract was successively washed with
5% aqueous HCl, saturated aqueous NaHCOs;, and brine, then dried
over anhydrous MgS0O, and filtered. Removal of the solvent from
the filtrate under reduced pressure furnished a pale yellow oil,
which was purified by HPLC {Cosmosil 5C;5-MS-1I, MeOH-1% aque-
ous AcOH (90:10, v/v)] to give the (R)-MTPA ester derivative (5a,
0.9 mg, 26%). According to the similar procedure, 5b (0.5 mg,
14%) was obtained from 5 (2.5 mg) by using (R)-(—)-MTPA-Cl (7.5
plL).

3.5.1. Compound 5a

'H NMR (400 MHz, CDCl3) 6: 1.03 (6H, d, J = 6.8 Hz, H3-4", 5),
1.05 (3H, t,J = 6.8 Hz, H3-1"), 1.61 (3H, br s, H3-10"), 1.68 (3H, br s,
Hs-9”), 1.77, 2.01 (1H each, both m, H,-2"), 1.88 (3H, br s, H3-5"),
3.49 (3H, s, -OCHj3), 5.07 (1H, br t-like, H-7"), 5.27 (1H, br dd-like,
H-2"), 5.63 (1H, dd-like, H-1’), 5.83 (1H, br s, H-3) [7.45 (3H, m),
7.52 (2H, m), Ph-H}.

3.5.2. Compound 5b

'H NMR (400 MHz, CDCl3) §: 1.04 (3H, t, ] = 6.6 Hz, H3-1"), 1.06
(6H, d, J = 6.6 Hz, H3-4", 5""), 1.60 (3H, br 5, H3-10"), 1.64 (3H, br's,
Hs-9"), 1.76 (3H, br s, H3-5"), 1.76, 2.00 (1H each, both m, H,-2'),
3.49 (3H, s, -OCH3), 5.06 (1H, br t-like, H-7"), 5.27 (1H, br dd-like,
H-2"), 5.64 (1H, dd-like, H-1'), 5.88 (1H, br s, H-3) [7.46 (3H, m),
7.54 (2H, m), Ph-H].

3.6. Bioassay

3.6.1. Cell culture

The murine macrophage cells (RAW264.7, ATCC No. TIB-71)
were obtained from Dainippon Pharmaceutical, Osaka, Japan and
cultured in Dulbecco’s modified Eagle’s medium (DMEM, contain-
ing 4500 mg/L glucose) supplemented with 10% fetal bovine serum
(FBS), penicillin (100 U/mL), and streptomycin (100 pg/mL) (Sigma
Chemical Co., St. Louis, MO, USA). The cells were incubated at 37 °C
in 5% COy/air.

3.6.2. Effects on production of NO in LPS-stimulated
macrophage RAW264.7 cells

The total amount-of nitrite in a medium is used as an indicator
of NO synthesis.>® The screening test for NO production using
RAW264.7 cells was described previously.>®>° Briefly, RAW264.7
cells were cultured in DMEM, and the suspension of the cells were
seeded into a 96-well microplate at 2.5 x 10° cells/100 pL/well.
After 6 h, nonadherent cells were removed by washing with PBS,
and the adherent cells were cultured in 100 pyL of fresh medium
containing the test compounds for 10 min, and then 100 uL of
the medium containing LPS (from Escherichia coli, 055: B5, Sigma)
was added to stimulate the cells for 18 h (final concentration of LPS
was 10 ug/mL). The nitrite concentration was measured from the
supernatant by Griess reaction. Inhibition (%) was calculated using
the following formula and the IC5o was determined graphically
(N = 4). Caffeic acid phenethyl ester (CAPE), an inhibitor of NF-xB
activation, was used as a reference compound.>®°,

Inhibition (%) = (A — B)/(A — C) x 100

A-C: nitrite concentration (uM);
A: LPS (+), Sample (~); B: LPS (+), Sample (+); C: LPS (-), Sample
(=)

3.6.3. Determination of cytotoxic effects

Cytotoxicity was evaluated by the 3-(4,5-dimethyl-2-thiazolyl)-
2,5-diphenyl-2H- tetrazolium bromide (MTT) colorimetric assay
according to the previous reported conditions.>® Briefly,
RAW?264.7 cells were cultured in DMEM, and the suspension of
the cells were seeded into a 96-well microplate at 1.0 x 10° cells/
200 pLfwell. After 6 h, nonadherent cells were removed by wash-
ing with PBS, and the adherent cells were cultured in 100 pL of
fresh medium containing the test compounds for 18 h. An aliquot
of the medium (100 pL) was removed and MTT (10 uL, 5 mg/mL
in PBS) solution was added. After a 2-h incubation at 37 °C, the
medium was removed, and isopropanol containing 0.04 M HCl
was added to dissolve the formazan produced in the cells. The opti-
cal density (OD) of the formazan solution was measured with a
microplate reader at 570 nm (reference: 655 nm).

3.6.4. SDS-PAGE and Western blot analysis

RAW264.7 cells (5.0 x 10 cells/2 mL/well) were seeded into a
6-well multiplate and allowed to adhere for 6 h at 37 °Cin a humid-
ified atmosphere containing 5% CO,. The cells were then washed
with PBS, 1 mL of DMEM containing various concentrations of the
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samples was added to each well, and after incubation for 10 min,
1 mL of DMEM containing LPS was added to stimulate the cells for
30 min or 12 h (final concentration of LPS, 10 pg/mL). The adhered
cells were collected using a cell scraper in a lysis buffer (15 mM
NaCl, 1 mM Tris, 1% Triton-X, 0.2 mM EGTA, 2.8 mM B-glycerophos-
phate) containing protease inhibitor cocktail (Thermo Scientific)
and phosphatase inhibitor cocktail (PhosSTOP, Roche). Then, cells
were disrupted three times (Microson™ ultrasonic cell disruptor,
USA) for 30 s, and centrifuged at 10,000 rpm for 10 min. Protein con-
centrations of cell lysates were determined using the BCA™ protein
assay kit. For protein sample preparation; 100 pL of supernatant
was transferred to 50 pL of a dissolving agent (0.9 mM EGTA,
200 mM SDS, 2.8 mM Tris, 8% glycerol, 0.03% bromophenol blue,
6% mercaptoethanol). Then, the samples were heated in boiling
water for 5 min. After cooling down, the samples were kept at
—80 °C until used.>85°

Nuclear protein fraction was extracted 30 min after the stim-
ulation with LPS using Nuclear and Cytoplasmic Extraction Re-
agent (Thermo Scientific) according to the manufacturer’s
instructions. The nuclear protein solution was concentrated
using a Centrifugal Filter Units (Millipore Co., Ltd.) and applied
for the electrophoresis.

Equivalent amounts of protein (50 pg of proteinflane for iNOS
and B-actin, 25 pg of protein/lane for others) were electrophoresed
in 10% SDS-polyacrylamide gels (Bio-Rad ready gel ]) and trans-
ferred onto a polyvinylidene difluoride (PVDF) membranes (Bio-
Rad, HC, USA). The membrane was then soaked in Tris-buffered
saline containing 0.1% Tween 20 (T-TBS) with gentle shaking for
10 min, three times. For the blocking of the nonspecific sites, the
membrane was soaked in Blocking One-P (for phosphorylated pro-
teins: p-ERK1/2, p-]NK, p-p38, p-STAT1; Nacalai Tesque, Japan) or
Blocking One (for others: iNOS, ERK1/2, JNK, p38, NF-xB, B-actin)
by shaking for 0.5 h. The membrane was rinsed with T-TBS and
incubated with specific primary antibodies: p-ERK1/2, ERK1/2,
JNK1/2, p38, p-p38, NF-kB p65, STAT1, p-STAT1 (Ser 727), iNOS
and B-actin (1:1000, Cell Signaling Technology). After incubation
for 1 h at rt, the membrane was rinsed in T-TBS, and incubated
in secondary antibodies (HRP-conjugated goat anti-mouse and
anti-rabbit IgG, 1:5000) in an immunoreaction enhancer solution
(Can Get Signal, Toyobo, Japan) for 1 h. Next, the membrane was
shaken in T-TBS for 10 min, three times. The proteins were de-
tected using an enhanced chemiluminescence (ECL) plus Western
blotting detection system (Amersham™ GE Healthcare, Biosci-
ences). The images of membranes were recorded using a lumines-
cent image analyzer LAS-4000 mini (Fuji film, Japan). In our
preliminary experiments, the amount of iNOS protein markedly in-
creased 6 h after the treatment with LPS and remained higher after
24 h, and levels of p-ERK, p-JNK, p-p38, and p-STAT1 increased
after 10 or 30 min and remained high for several hours (data not
shown). Therefore, the effects of test compounds on iNOS protein
levels were determined 12 h after the stimulation, and on other
protein levels were determined 0.5 h after the stimulation.

3.7. Statistical analysis

All data are expressed as means + SEM. The data analysis was
performed with an one-way analysis of variance (1-ANOVA), fol-
lowed by Dunnett’s test. Probability (p) value of less than 0.05
was considered to be significant.
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ABSTRACT

During the course of studies on the analysis of O-glycans in biological samples, we found that significant
amount of free glycans are present in normal human serum samples. The most abundant free glycan was
disialo-biantennary glycan typically observed in transferrin which is one of the abundant glycoproteins
found in sera. Minor glycans were also considered to be mainly due to transferrin, but some glycans were
derived from mucin-type O-glycans, although the amount was quite minute. However, high mannose-
type glycans could not be detected at all. Although there have been many reports on the presence of
intracellular “free” N-glycans (mainly derived from high mannose-type glycans) generated either from
lipid-linked oligosaccharides or from misfolded glycoproteins through endoplasmic-reticulum associated
protein degradation pathway, there is little information on the presence of free glycans in extracellular
matrix and biological fluids such as serum. This report is the first one which demonstrates the presence

of free glycans due to glycoproteins in sera.

© 2013 Elsevier B.V. All rights reserved.

1. Introduction

There have been many reports on the presence of free glycans
in cytosols, and the formation of such free glycans is an important
clue for the understanding the selection of properly synthesized
glycoproteins. Such free glycans found in cytosols are exclusively
high mannose-type glycans having one N-acetylgiucosamine (Glc-
NAc) residue at the reducing termini [1,2], and are formed in the
cytosol by a cellular system called ERAD (endoplasmic reticulum-
associated degradation) [3]. Such intracellular “free” N-glycans
are generated either from lipid-linked oligosaccharides or from
misfolded glycoproteins [4-7]. In both cases, occurrence of high
mannose-type free glycans, which have one GlcNAc residue at their
reducing ends, has been well-documented.

Little is known with regard to the accumulation of more
processed, complex-type free glycans in the cytosol of mammalian
cells. In our previous report on the comprehensive analysis of N-
glycans in cancer cells [8], we found that significantly large amount
of unusual, complex-type free N-glycans were accumulated in
stomach cancer-derived cell lines, MKN7 and MKN45. It should be
noticed that all the free glycans found in these cells were cleaved
between the GIcNAcB1-4GIcNAc (i.e. chitobiose) bond and a single
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GIcNAc residue 'was present at the reducing end. In addition, most
of the accumulated glycans have N-acetylneuraminic acid (NeuAc)
residues at the non-reducing termini. And we showed that loss of
the activity of cytosolic neuraminidase, Neu2, was responsible for
the accumulation of such unusual free glycans [9].

In contrast, there is little information on the presence of free
glycans in extracellular matrixes and biological fluids such as sera
probably due to insufficient and poor ability to analyze minute
amount of glycans. We have been developing sensitive methods
for comprehensive analyses of N- and O-glycans in biological sam-
ples, especially cancer cells, tissues and serum samples {5,10-13].
During the course of studies on the analysis of O-glycans in biolog-
ical samples, we found that significant amount of free glycans are
present in human serum samples. This is unexpected and interest-
ing, although it is well known that patients suffering from genetic
lysosomal disorders of complex carbohydrate metabolism excrete a
considerable amount of unusual oligosaccharides in urine [14-17].

Inoue et al. reported that free glycans were present in the unfer-
tilized eggs of a fresh water trout, Plecogiossus altivelis [18]. The
isolated glycans consist of desialylated biantennary glycans with 3-
Man-GlcNAc structure at their reducing termini. However, a small
portion of the glycans having chitobiose (GlcNAc1-4-GlcNAc)
structure at the reducing ends were also present. It is still not clear
why and how such large amount of free glycans are accumulated
in unfertilized eggs. Another important report on the presence of
free glycans is the expression of free glycans in human seminal
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plasma [19], and the structural characteristics are similar to those
in human milk. But their variations are simpler than those of human
milk oligosaccharides.

According to the reference search works on the presence of free
glycans in sera, the present work demonstrating the presence of
free glycans in sera is the first one, and will lead to a new research
project on finding glycan-based disease biomarkers.

2. Materials and methods
2.1. Materials

Sephadex LH-20 and Asahi Shodex NH2P-50 4E column were
obtained from GE Healthcare UK Ltd. (Buckinghamshire, UK) and
Showa Denko (Minato-ku, Tokyo, Japan), respectively. Sodium
cyanoborohydride and 2-aminobenzoic acid (2AA) were from
Tokyo Kasei Kogyo (Chuo-Ku, Tokyo, Japan). TOYOPAK ODS-S for
solid phase extraction was from Tosoh (Minato-ku, Tokyo, Japan).
VIVASPIN 500 (3000 molecular weight cut off) for ultrafiltration
was from Sigma~Aldrich Japan (Shinagawa-ku, Tokyo, Japan). All
other reagents were of the highest grade commercially available.
All aqueous solutions were prepared using water purified with a
Milli-Q purification system (Millipore, Bedford, MA, USA).

2.2. Serum samples

Serum samples from healthy volunteers were obtained under
the permission of the Ethics Committee of Kinki University School
of Pharmacy, and used in accordance with the tenets of the Decla-
ration of Helsinki.

2.3. Sample preparation

2.3.1. Ultrafiltration and solid-phase extraction of the serum
sample

Because the serum sample contains a large amount of low-
molecular-weight materials such as monosaccharides (typically
glucose) and inorganic salts, and hydrophobic compounds, these
materials should be removed prior to the analysis.

A serum sample (25 L) was centrifuged at 15,000 x g using an
ultramembrane filter (3000 molecular weight cut off) to remove
the low-molecular weight materials, and concentrated to the one
fourth volume. Water (150 pL) was added to the concentrate on
the membrane, and centrifuged at 15,000 x g again. The procedures
were repeated three times. The concentrated serum sample on the
membrane was transferred to a new tube, and the membrane was
washed with water (150 p.L) and combined with the concentrated
solution. The mixture was then passed through an ODS cartridge
(90mg) which was previously washed with methanol (0.8 mL 3x)
and water (0.8 mL 3x). The clean-up procedures were performed
according to the method recommended by the manufacturer.

2.3.2. Total N-glycans in a serum sample

A serum sample (150 L) was centrifuged at 15,000 x g using an
ultramembrane filter (3000 molecular weight cut off) to remove
the low-molecular weight materials, and concentrated to dryness.
The dried sample was suspended in water (200 L) and was mixed
with 10% SDS (24 L) and 2-mercaptoethanol (2.4 j1L). The mixture
was kept in the boiling water bath for 5min. After cooling, 10%
NP40 (nonylphenol poly(ethylene glycol ether);) solution (24 L)
and 1 M sodium phosphate buffer (pH 7.5, 29 L) were added. After
addition of N-glycoamidase F (2 units), the mixture was kept at
37 “Covernight. After cooling, ethanol (695 L) was added and the
mixture was centrifuged at 15,000 x g for 10 min. The supernatant
was collected and evaporated to dryness under reduced pressure.

2.3.3. Releasing reaction of O-glycans in mucin-type
glycoproteins in serum samples

Releasing reaction of O-glycans from mucin-type glycoproteins
present in serum samples was performed using the automated gly-
can releasing system according to the method reported previously
[10].

2.3.4. Fluorescent labeling of glycans with 2AA

The sample of glycan mixture was dissolved in water (20 L) and
2AA solution (100 pL) which was freshly prepared by dissolution
of 2AA (15 mg) and sodium cyanoborohydride (15 mg) in methanol
(500 L) containing 4% sodium acetate and 2% boric acid. The mix-
ture was kept at 80°C for 1h, and water (20 wL) and 50% (v/v)
methanol (200 L) were added to the mixture after cooling, and
centrifuged at 15,000 x g for 10 min. The supernatant solution was
applied to a column of Sephadex LH-20 (1.0 cm i.d., 30 cm length),
which was previously equilibrated with 50% methanol. The earlier
eluted fluorescent fractions were pooled and evaporated to dryness
under reduced pressure. The residue was further purified by solid
phase extraction as described above (Section 2.3.1), and evaporated
to dryness.

2.3.5. Digestion of the glycan mixture with neuraminidase

Neuraminidase (1 munit, 2 L) was added to the mixture of 2AA-
labeled glycans in 20mM acetate buffer (pH 5.0, 20 L), and the
mixture was incubated at 37 °C overnight. After keeping the mix-
ture in the boiling water bath for 10 min followed by centrifugation,
the supernatant solution was used for MS analysis.

2.4. HPLC analysis of 2AA-labeled free glycans and N-glycans in
serum samples

Analysis of the 2AA-labeled glycans was performed with two
Shimadzu LC-10ADvp pumps, a Jasco FP-920 fluorescence detector
equipped with a polymer-based Asahi Shodex NH2P-50 4E column
(4.6 mm i.d. x 250 mm). Linear gradient method was employed by
2% acetic acid in acetonitrile (solvent A) and 5% acetic acid in water
containing 3% triethylamine (solvent B). The column was initially
equilibrated and eluted with 30% solvent B for 2 min. Then, solvent
B was increased to 95% over 80 min, and kept at this composition
for further 20 min. The column effluent was monitored by a fluo-
rescence detector set at an excitation wavelength of 350 nm and
425 nm for emission.

2.5. Liguid chromatography-electrospray ionization ion-trap
time-of-flight mass spectrometry (LC—ESI-IT-TOF MS)

Negative electrospray ionization (ESI)-MS analyses were con-
ducted with an LC-IT-TOF MS instrument (Shimadzu) connected
with an HPLC system (LC-20AD pump and CBM-20A system con-
troller; Shimadzu). The 2AA-labeled glycans were analyzed by
infusion method. Isocratic elution was carried out at a flow rate
of 0.2 mL/min with 50% (v/v) acetonitrile in water. The MS appa-
ratus was operated at a probe voltage of 1.75kV, CDL temperature
of 180° C, nebulizer gas flow of 1.5 L/min, ion accumulation time of
30 ms. MS range was from m{z 200 to 2000. CID parameters were
as follows: energy, 50%; collision gas, 50%. MS data were processed
with LCMS solution ver. 3.6 software (Shimadzu).

3. Results and discussion
3.1. Free glycans in serum samples

Fig. 1a shows the results on the analysis of O-glycans in
a serum sample. In this analysis, O-glycans were previously
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Fig. 1. HPLC Analysis of (a) mucin-type glycans from human serum released from the glycoproteins. (b) Intact serum sample after easy removal of low molecular weight
materials. MS and MS/MS data of (¢) peak C and (d) the product after neuraminidase digestion of peak C. (e) MS and MS/MS data of peak E. HPLC conditions: column, Asahi
Shodex NH2P-50 4E(4.6 mm x 250 mm). Eluent solvent A, 2% acetic acid in acetonitrile, solvent B, 5% acetic acid, 3% triethylamine in water. Gradient condition: a linear
gradient (30-95% solvent B) from 2 to 82 min, maintained for 20 min. Symbols: squares, N-acetylglucosamine; gray circles, mannose; white circles, galactose; diamonds,

N-acetylneuraminic acid.

chemically released from the glycoproteins in a serum sam-
ple by an automatic manner developed by the authors [10-13],
and analyzed by HPLC after labeling with a fluorescent reagent,
2AA. Four peaks (A-D) were detected at 30 (A), 46 (B), 53
(€) and 70min (D), respectively. Peaks A, B and D were due
to mucin-type O-glycans, and identified as sialyl T (NeuAca2-
3GalP1-3GalNAc-2AA), degradation product (NeuAca2-3 Gal) and
disialyl T(NeuAco2-3Gal31-3[NeuACa2-6]GalNAc-2AA), respec-
tively. A distinct peak (peak C) other than those of mucin-derived
glycans was observed at 53 min. The MS and MS/MS spectra of the
peak C are shown in Fig. 1c. The molecular ion of the peak was
observed at mfz 1171 as a doubly charged ion, which was con-
firmed as disialo-biantennary glycan. And the ion due to monosialo
biantennary glycan was observed in MS/MS spectra. The peak at
53 min was collected, and digested with neuraminidase. MS of the
obtained asialoglycan showed the molecular ion at m/z 880 as a
doubly charged ion (Fig. 1d). MS/MS spectra showed an ion due to
chitobiosyl-2AA at m/z 544. These data clearly mean that peak Cis
due to disialobiantennary glycan. As indicated previously, the auto-
matic apparatus employed for releasing O-glycans does not cleave
Asn-GlcNAc linkage, and free N-glycans are not released from the
protein core containing Asn-type glycoproteins [10]. This means

that glycan (due to peak C) was endogenously present in serum
samples.

To demonstrate if the glycans are due to free glycans in sera, the
glycans in sera were directly analyzed after labeling with 2AA. After
removing the small-molecular weight materials including glucose
and inorganic salts in sera by ultrafiltration and also removing
hydrophobic materials using an ODS-cartridge, the eluate (equiva-
lent to 2 L of sera) was analyzed by HPLC after labeling with 2-AA
(Fig. 1b). Abig peak (peak E) was observed at 53 min, which showed
the same elution time with that of peak C observed in Fig. 1a. In
addition, the peak showed the same MS and MS/MS profiles with
those of peak C (Fig. 1e). In addition, the data also showed well
matched results with those of biantennary glycan obtained from
transferrin (data not shown). These results indicate that the peak
at 53 min was clearly due to the glycan present in sera in free form.
It should be noticed that some minor peaks were also observed
from 25 min to 65 min.

3.2. Detailed analysis of free glycans in a serum sample

As described above, we found that free glycans are present in
human serum samples. Fig. 2a shows the results on the detailed
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Summary of free glycans in human serum. (A) before neuraminidase digestion. (B) after neuraminidase digestion.
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Peak no. mjz Monosaccharides composition Content of free oligosaccharide (p mol/mL serum)

1 (A)872(2) Hex,dHex; HexNAcs-2AA 175
(B)872(2) HexydHex; HexNAcy-2AA

2 (A)953(2) HexsdHex; HexNAcs-2AA 256
(B)953 (2) HexsdHex;HexNAcs-2AA

3,4 (A)794(1) NeuAc; Hex;HexNAc;-2AA 264(peak3)
(B)503 (1) Hex; HexNAc;-2AA 224(peak4)

5 (A) 1099 (2) NeuAc, HexsdHex, HexNAcs-2AA 235
(B) 953 (2) HexsdHex;HexNAcs-2AA

6 (A) 1025 (2) NeuAc; HexsHexNAcy-2AA 844
(B)880(2) HexsHexNAcs-2AA

7 (A)1171(2) NeuAc;HexsHexNAcs-2AA 572
(B) 880 (2) HexsHexNAcs-2AA

8 (A) 1244 (2) NeuAc,HexsdHex, HexNAcs-2AA 642
(B)953(2) HexsdHex; HexNAcys-2AA

9 (A)1171(2) NeuAc;HexsHexNAcs-2AA 7620
(B)880(2) HexsHexNAcs-2AA

10 (A)1070(2) NeuAc;HexsHexNAcs-2AA 235
(B) 778 (2) HexsHexNAcz-2AA

11-® (A) 1048 (3) NeuAc;HexgdHex; HexNAcs-2AA 1206
(B) 1136 (2) HexsdHex; HexNAcs-2AA (Total contents
11-@ (A)999 (3) NeuAcs HexgHexNACs-2AA for 11-®and 11-@)

(B) 1062 (2) HexgHexNAcs-2AA

dHex, deoxyhexose; Hex, hexose; HexNAc, N-acetyl hexose; NeuAc, N-acetylneuraminic acid.

profile of free glycans present in a serum sample (equivalent to
100 L serum as the injected volume). Each peak was collected
and their structures were confirmed by MS technique (Fig. 3 and
Table 1). Most of the peaks are commonly found in transferrin
and other commercially available samples, and their structures
are easily confirmed. Disialylated biantennary glycan showing the
molecular ion at mfz 1171 (peak 9) as the doubly charged ion
was the most abundant glycan as already shown in Fig. 1. The
amount was determined to be 7620 pmol/mL of serum as calculated
from the fluorescent intensity based on 2-AA residue. Structures
of the minor peaks were also determined by MS techniques and
comparison of the elution times with those reported previously
[9]. At the earlier elution times (ca. 25 min), neutral mono- and
di-galactosylated biantennary glycans (1 and 2) were observed.
Mono-sialylated biantennary glycans with or without a fucose
residue were observed at ca. 39 min (5 and 6). In addition, trisialo-
triantennary glycans with or without a fucose residue were also
observed at 63 min (11). Interestingly, we found a glycan having
a structure of NeuAc-Gal-GalNAc-2AA which is probably due to
mucin-type glycoproteins, although the amount of these glycans
were only ca. 250 pmol/mL of serum (3 and 4). These peaks (3
and 4) were also assigned by comparison of the elution times with
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Fig. 2. HPLC analysis of (a) free glycans, and (b) total N-glycans in a human serum
sample as examined after digestion with N-glycoamidase F. Analytical conditions
are the same as those in Fig, 1.

those reported previously [10]. A characteristic glycan (10), disialo-
biantennary glycan having one GlcNAc residue at the reducing end
was also present in sera. We previously reported that this glycan
was characteristically accumulated in cytosols of stomach tumor
cells. The presence of this glycan may indicate that this character-
istic glycan is leaked from some organs, although further studies
are required [9]. According to the MS observations, peak 7 was
assigned as disialo biantennary glycan by MS measurement. This
indicates that peak 7 has different linkages of NeuAc to Gal with
those of peak 9. Because NeuAc mainly binds to Gal through o2-6
linkage in human [20], the glycan (9)is a typical disialo biantennary
glycan which has NeuAca2-6 linkages. And peak 7 is probably due
to disialoglycan which has NeuAca2-3 linkages. We also analyzed
total N-glycans in a serum sample in order to consider the origin
of free glycans in serum in detail. Fig. 2b shows the results on the
profile of total N-glycans present in a serum sample (equivalent
to 0.75 L serum as the injected volume). As shown in Fig. 2b, the
results are quite similar to those in Fig. 2a. It should be emphasized
that high mannose-type glycans were not detected at all. This also
indicates that these glycans are not due to cells from some organs
but from sera, because high mannose-type glycans are major ones
found in cytosol fractions through endoplasmic-reticulum associ-
ated protein degradation pathway [3].

Sturiale et al. studied glycosylation of transferrin in galac-
tosemia patients in order to figure out hypoglycosylation with
increased fucosylation and branching {21]. In the manuscript,
they showed N-glycan profiles in a human serum sample
(healthy volunteer) examined by MS technique after releas-
ing N-glycans with N-glycoamidase F. The data showed quite
similar profiles with those observed in the present study.
Namely, Sturiale et al. reported that the ratios of triantennary
glycan - ((Fuc)GalsGlcNAcsMansNeuAcs ), monosialo-biantennary
glycan (Gal, GIcNAcsMansNeuAc) and disialo-fucosylated bianten-
nary glycan (FucGal,GlcNAcyMansNeuAc;) to the main glycan
(Gal,GlcNAcgsMansNeuAc; )were 13.5,9.4 and 6.5%, respectively. In
the present study, the ratios of these glycans to the major glycan (9)
were 15.8, 11.1 and 8.4%, respectively. These data clearly indicate
that these glycans are possibly derived from serum glycoproteins
containing transferrin during its circulation in bodies.

Free glycans found in the cytosol have only a single GIcNAc
at their reducing termini [2], and this is due to the action of
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Fig. 3. ESI-IT-TOF mass spectra of peak 1-8, 10, 11 in Fig. 2. Symbols: triangles, fucose; others are the same as those in Fig. 1. Upper panels show the MS spectra of collected
peaks. The collected peaks were digested with neuraminidase, and also analyzed by MS (lower panels).

the cytosolic ENGase (endo-f3-N-acetylglucosaminidase){22,23] or
chitobiase [24]. It should be noted that most free glycans found
in the present study bear N-acetylchitobiose structure other than
peak 10. Kimura et al. reported that free glycans were accumulated
not only inside cells but also secreted to the extracellular space in
rice cell culture [25,26]. In addition, they suggested that the extra-
cellular acidic peptide N-glycanase was involved in accumulation
of such glycans. We have to also consider the presence of free O-
glycans (3 and 4), although the amounts of these glycans are quite
small.

The mechanism of the presence/formation of free glycans in
sera and the source of these glycans are not clear in the present
study. However, it is quite interesting if these glycans are varied
with physiological changes.

4. Conclusions
The present study demonstrates that free glycans existin human

serum. Most of the glycans were sialic acid-containing complex-
type glycans. Of the glycans, disialo-biantennary glycan which does
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not carry fucose residue is present most abundantly. And high
mannose-type glycans were not detected at all. From these results,
we suppose that these free glycans were due to glycoproteins in
sera, although further studies are required.
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Two new phenolic. glycosides, kaempferiaosides A and B were isolated from the rhizomes of Kaem-
pferia parviflora (Zingiberaceae) together with 24 known compounds. Their structures including absolute
stereochemistry were elucidated on the basis of chemical and spectroscopic evidence. Among the isolates,
5,3'-dihydroxy-3,7,4'-trimethoxyflavone showed higher activity than silybin, a commercial hepatoprotective

agent.

Key words

A Zingiberaceae plant, Kaempferia parviflora WALL. ex
BAKER, is widely distributed in Thailand and is known as Kra-
chai Dum.? The rhizomes of this plant are tinged with-dark
purple to black, and have traditionally been used for the treat-
ment of hypertension,®™ allergy,” gastrointestinal disorders,”
and impotence.®” The extract of the rhizomes of K. parviflora
and its constituents were revealed to exhibit several pharma-
cological activities, such as antiplasmoidal, antifungal,? anti-
inflammatory,!™'? g-glucosidase inhibitory,'® and xanthine
oxidase inhibitory? activities and cytotoxicity of several tumor
cell lines'*'® as well as effect. of P-glycoprotein function'®
and modulation of multi-drug resistance in cancer cells.!”
Recently, rhizomes of K. parviflora powder was found to show
preventive effect from obesity and its downstream symp-
toms.'® By a previous chemical study on K. parviflora, pres-
ence of several methoxyflavones and related phenolic constitu-
ents have been revealed >>¢19=151719=23 Dyring the course of
our characterization studies on Thai natural medicines,??
two new phenolic glycosides named kaempferiaosides A (1)
and B (2) were isolated from the rhizomes of K. parviflora
together with 24 known compounds. This paper deals with the
structure elucidation of 1 and 2, as well as hepatoprotective
effect of the constituents from the rhizomes of K. parviflora
on p-galactosamine (p-GalN)-induced cytotoxicity in primary
cultured mouse hepatocytes.

The dried rhizomes of K. parviflora cultivated at Loei prov-
ince, Thailand were extracted with methanol to give a metha-
nolic extract (7.10% from the dried rhizomes). The methanolic
extract was partitioned into an EtOAc-H,O (1:1, v/v) mixture
to furnish an EtOAc-soluble fraction (3.82%) and an aqueous
phase. The aqueous phase was subjected to Diaion HP-20
column chromatography (H,0—MeOH) to give H,O- and
MeOH-eluted fractions (2.04, 1.23%, respectively). As shown
in Table 1, the EtOAc-soluble fraction and the MeOH-eluted
fraction exhibited hepatoprotective activity, but the H,O-
eluted fraction lacked the activity. The EtOAc-soluble fraction
was subjected to normal- and reversed-phase column chroma-
tographies, and finally HPLC to give 5-hydroxy-7-methoxy-
flavone® (3, 0.113%), 5,7-dimethoxyflavone'®?? 4, 0.549%),
5,4'-dihydroxy-7-methoxyflavone®® (5, 0.0028%), 5-hydroxy-

*To whom correspondence should be addressed.

e-mail: morikawa@kindai.acjp

Kaempferia parviflora; Zingiberaceae; kaempferiaoside; hepatoprotective activity; Krachai Dum

7,4'-dimethoxyflavone®® (6, 0.066%), 5,7,4'-trimethoxyfla-
vone?® (7, 0.838%), S-hydroxy-7,3',4"-trimethoxyflavone®® (8,
0.00048%), 5,7,3"4'-tetramethoxyflavone®® (9, 0.096%), 5-hy-
droxy-3,7-dimethoxyflavone®® (10, 0.151%), 3,5,7-trimethoxy-
flavone®® (11, 0.087%), 5-hydroxy-3,7.4'-trimethoxyflavone?”
(12, 0.211%), 3,5,7,4'-tetramethoxyflavone®® (13, 0.296%), 5,3"-
dihydroxy-3,7,4"-trimethoxyflavone'>*® (14, 0.028%), 5-hy-
droxy-3,7,3' 4'-tetramethoxyflavone®® (15, 0.046%), 3,5,7,3'4-
pentamethoxyflavone'®?? (16, 0.745%), and (2R,3R)-(—)-
aromadendrin trimethyl ether®® (17, 0.0010%). From the
MeOH-eluted fraction, 1 (0.0026%), 2 (0.00050%), tilianine®”
(18, 0.0015%), tamarixetin 3-O-rutinoside®® (19, 0.00035%),
syringetin 3-O-rutinoside®® (20, 0.00054%), (2R,3S,45)-3-
O-[a-L-thamnopyranosyl-(1 — 6)-f-p-glucopyranosyl]-
3'-0-methyl-ent-epicatechin-(2a — O — 3,4a — 4)-(5aS8,
10bS)-5a,10b-dihydro-1,3,5a,9-tetrahydroxy-8-methoxy-6H-
benz[blindeno[1,2-d]furan-6-one  5a-O-[a-L-rhamnopyrano-
syl-(1 — 6)-f-p-glucopyranoside]?? (21, 0.0044%), rel-(5aS,
10bS)-5a,10b-dihydro-1,3,5a,9-tetrahydroxy-8-methoxy-6H-
benz[blindeno[1,2-dJfuran-6-one  5a-O-[a-L-rhamnopyrano-
syl-(1— 6)-f-p-glucopyranoside]® (22, 0.012%), rel-(5aS,
10bR)-5a,10b-dihydro-1,3,5a,9-tetrahydroxy-8-methoxy-6 H-
benz[blindeno[1,2-d}furan-6-one  Sa-O-[a-L-rhamnopyrano-
syl-(1 — 6)-p-p-glucopyranoside]™” (23, 0.0040%), 2.4,6-tri-
hydroxyacetophenone  2,4-di-O-8-p-glucopyranoside®® (24,
0.00043%), adenosine*? (0.00080%), and L-phenylalanine*?
(0.00070%) were isolated by normal- and reversed-phase
column chromatographies, and finally HPLC.

Structures of Kaempferiaosides A (1) and B (2) Kaem-
pferiaoside A (1) was obtained as an amorphous powder
with negative optical rotation ([a]3® —153.8° in MeOH). In
the positive-ion fast atom bombardment (FAB)-MS of 1, a
quasimolecular ion peak was observed at m/z 1285 (M+Na)™,
and high-resolution positive-ion FAB-MS analysis revealed
the molecular formula of 1 to be Cs;H(,O;,. The IR spectrum
of 1 showed absorption bands at 1624, 1458, and 1225cm™
ascribable to aromatic ring, and broad bands at 3400 and
1069 cm™', suggestive of a glycosyl moiety. Acid hydrolysis
of 1 with 1.0M hydrochloric acid liberated r-rhamnose and
p-glucose, which were identified by HPLC using an optical

© 2012 The Pharmaceutical Society of Japan
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Kaempferiaoside B (2)

Chart 1

R _R?

OR' O OCH; O
5-Hydroxy-7-methoxyflavone (3): H CHj H H o
5,7-Dimsthoxyflavone (4): CH; CHg  H H (2R,3R)-(~)-Aromadendrin trimethyl ether (17)
5,4'-Dihydroxy-7-methoxyflavone (5): H CH; H OH O OH
5-Hydroxy-7,4-dimethoxyflavone (6): H CHz H  OCHj; oH
5,7,4-Trimethoxyflavone (7): CH; CHz; H  OCHj;
5-Hydroxy-7,3",4-rimethoxyflavone (8): H CHz OCH; OCH; O OH
5,734 Tetramethoxyflavone (8): CHz CHz OCH3; OCH;3 o Q -
Tilianine (18): H Glc H  OCH; o
HO —0O 0 OH .
OH o} (o]
H HOYfH OCHs Ho o 0 O OH
OH OH OH o OCH,
21 H HO H
o OH OH OH
22: 48-H
OR2 O R' R2_RS R R HO o) OH 23: do-H
5-Hydroxy-3,7-dimethoxyflavone (10): CH3 H H H H o
3,5,7-Trimethoxyflavone (11): CHg CH; H H H OH
5-Hydroxy-3,7,4"-trimethoxyflavone (12): CHy H H OCH; H
3,5,7,4"-Tetramethoxyflavone (13): CHg CH; H OCH; H HO H 0
5,3"-Dihydroxy-3,7,4-trimethoxyflavone (14):  CH, H OH OCH; H H OOH
5-Hydroxy-3,7,3' 4"-tetramethoxyflavone (15):  CHg H OCHz OCHz; H
3,5,7,3\4-Pentamethoxyflavone (16):  CH,4 CHz OCH; OCH; H O
Tamarixetin 3-O-rutinoside (19): Rha'—8Gic H OH OCH; H OH
Syringetin 3-O-rutinoside (20): Rha'—6Glc H OCHz OH OCH; HO H
OH
2,4,6-Trihydroxyacetophenone Gle: g-D-glucopyranosyl
2,4-di-O-g-D-glucopyranoside (24) Rha: a-L-rhamnopyranosy!
Chart 2

rotation detector.*” The 'H- and '*C-NMR spectra (CD,0D,
Table 2) of 1, which were assigned by various NMR experi-
ments,” showed signals assignable to three methoxy groups
[§ 3.50 (3H, brs, 3"-OCH,), 3.89 (6H, s, 3",5'-OCH,)], three

methines [0 4.53, 493 (1H each, both d, J=3.5Hz, 3, 4-H),
5.33 (IH, brs, 4-H)], and seven aromatic protons [J 5.82,
5.83 (1H each, d, J=2.3Hz, 8, 6-H), 6.18 (1H, s, 6"-H), 7.01
(3H, s, 26", 2"-H), 7.32 (1H, brs, 5"-H)] together with two
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Table 1.
mary Cultured Mouse Hepatocytes

Vol. 60, No. 1

Inhibitory Effects of the Methanolic Extract from the Rhizomes of XK. parviflora and Its Fractions on p-GalN-Induced Cytotoxicity in Pri-

Inhibition (%)

Oug/mL 3ug/mL 10pg/mL 30 ug/mL 100 ug/mL
MeOH extract 0.0%1.9 11.5%0.6%* 18.4£1.3%* 16.1£1.7%* —
EtOAc-soluble fraction 0.0x2.6 1242 1%* 23342 3%* — —
MeOH-eluted fraction 0.0x14 44%03 10.4+1.3%* 19.6£1.7%* 42.5+2 6%*
H,O-eluted fraction 0.0x£27 ~0.8%+0.7 ~1.9+0.9 —21x14 22x23
Each value represents the mean®S.E.M. (n=4). Significantly different from the control, **p<0.01.
Table 2. 'H-NMR (500MHz) and *C-NMR (125MHz) Data for 1
Position dy (J Hz) O Position Jdy (/ Hz) Oc
2 100.1 3-0-Gle
3 4.53 (IH, d, 3.5) 70.1 1" 4.57 (1H, d, 7.5) 99.7
4 493 (1H, d, 3.5) 250 2 g_'g)g (1H, dd, 7.5, 75.3
5 156.5 3" 3.57 (IH, m) 773
6 5.83 (1H, d, 2.3) 97.5 4m 3.12 (1H, dd like) 719
7 158.6 5" 348 (1H, m) 772
8 582 (1H, d, 2.3) 95.4 6" 348 (IH, m) 68.3
9 154.1 392 (IH, m)
10 105.4 6""-0-Rha
1 131.0 I 4.66 (1H, br s) 102.4
2'6' 7.01 (2H, s) 106.2 20 371 (1H, m) 722
3’5 148.5 3™ 3.58 (1H, m) 72.4
4’ 137.1 4m" 3.31 (1H, m) 74.0
2 195.7 5 3.55 (1H, m) 69.9
3 113.0 6" 1.18 (3H, d, 6.3) 18.0
4 5.33 (1H, brs) 49.4 3'-0-Gle
5" 154.1 1 472 (1H, d, 7.8) 99.4
6" 6.18 (1H, s) 97.6 2mm 3.35 (1H, m) 75.5
7" 155.1 3" 3.68 (1H, m) 76.5
8" 100.2 4 3.36 (1H, m) 712
9" 158.6 5m 3.31 (1H, m) 76.5
10" 107.4 6" 3.52 (1H, m) 67.2
1" 1245 3.93 (1H, m)
2" 7.01 (1H, s) 106.4 6""-0-Rha
3" 150.7 1 4.67 (1H, br s) 101.9
4" 158.6 20 3.94 (1H, m) 722
5" 7.32 (1H, brs) 113.8 3m 371 (1H, m) 72.4
6" 152.5 4 3.34 (1H, m) 742
3'5-OCH, 3.89 (6H, s) 571 5 3.65 (1H, m) 69.7
3".0CH, 3.50 (3H, brs) 56.1 6" 1.24 (3H, 4, 6.3) 18.1

Measured in CD,0D.

rhamnopyranosyl [0 1.18 (3H, d, J/=6.3Hz, 6""-H,), 1.24 (3H,
d, J=6.3Hz, 6"""-H,), 4.66, 4.67 (1H each, both brs, 1", 1"~
H)] and two glucopyranosyl moieties [0 4.57 (1H, d, J/=7.5Hz,
1""-H), 472 (1H, d, J/=7.8Hz, 1""-H)]. As shown in Fig. 1,
the '"H-'H correlation spectroscopy (COSY) experiments on 1
indicated the presence of three partials written in bold lines.
In the heteronuclear multiple bond connectivity (HMBC) ex-
periment, long range correlations were observed between the
following proton and carbon pairs: 3-H and 2-C; 4-H and 2,
9, 10, 8", 9"-C; 6-H and 8, 10-C; 8-H and 6, 10-C; 2",6'-H and
2, 4-C; the 3',5'-methoxy methyl protons and 3',5'-C; 4"-H
and 3", 5", 9", 10", 1", 6"-C; 6"-H and 8", 10"-C; 2"-H and 4",
6"-C; 5"-H and 1", 3"-C; the 3"-methoxy proton and 3"-C,
1""-H and 3-C; 1""-H and 6""-C; 1""-H and 3"-C; 1"""-H and

6""-C (Fig. 1). The proton and carbon signals in the 'H- and
BC-NMR spectra of 1 were similar to those of 21, except for
the signals due to the B ring in the flavan-3-ol unit. The rela-
tive stereochemistry of 1 was determined on the basis of the
coupling constants in the '"H-NMR spectrum and the rotat-
ing frame nuclear Overhauser effect spectroscopy (ROESY)
experiment. The 2,3-trans form in the flavan-3-ol unit was
identified by comparison of the coupling constant (J; ,=3.5Hz)
with that of 21 (J; ,=3.7Hz).*Y The rotating frame Overhauser
effect (ROE) correlations were observed between following
proton pairs: 6-H and 2"-H; 2",6"-H and 3',5'-OCH,; 2"-H and
the 3”-OCHj;; and 4"-H and 1""-H (Fig. 1). Finally, the abso-
lute stereochemistry of 1 was elucidated by circular dichroism
(CD) spectrum, which showed a negative Cotton effect in the
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TH-TH COSY: =

HMBC : v\
e -3 ROE : " "%
Fig. 1. 'H-'H COSY, HMBC, and NOESY Correlations for 1 and 2
Table 3. 'H-NMR (700MHz) and “C-NMR (175 MHz) Data for 2
Position dy (/ Hz) dc Position oy (J Hz) Jc
2 1949 3-0-Gle
3 112.1 1" 457 (14, d, 74) 99.2
4 5.01 (1H, s) 45.1 2" 3.02 (1H, m) 73.3
5 154.2 3" 3.11 (I1H, m) 76.9
6 5.83 (1H, d, 2.0) 96.7 4" 3.11 (1H, m) 69.2
7 159.4 s 2.98 (1H, m) 75.8
8 579 (1H, d, 2.0) 89.4 6" 3.39 (1H, m) 66.3
3.68 (1H, dd, 2.1,
9 160.2 ”'0()
10 103.8 6"-0-Rha .
ik 123.5 1 4.52 (IH, d, 1.9) 100.9
2' 6.89 (1H, s) 102.0 2" 3.65 (1H, m) 70.4
3 152.0 3" 341 (1H, m) 70.8
4’ 148.5 4" 3.16 (1H, m) 72.2
5 1427 5" 3.39 (1H, m) 68.4
6’ 139.1 6" 1.07 3H, d, 6.2) 17.8
3'-OCH, 3.76 (3H, s) 56.0
5'-OCH, 390 3H, s) 60.3

Measured in DMSO-d.

short wavelength region (Ae —37.54 at 214 nm), indicating that
the orientation of the 4-position in the flavan-3-ol unit is S
configuration.?*4—#") This evidence indicated that the absolute
configuration of 1 was determined to be 2R, 3S, 4S, 3"S, and
4"S orientations. Consequently, the absolute stereostructure of
1 was determined to be as shown.

Kaempferiaoside B (2) was also obtained as an amor-
phous powder with negative optical rotation ([o]3® —166.8° in
MeOH). The molecular formula, C,H;,0,,, of 2 was deter-
mined by high-resolution positive-ion FAB-MS measurement.
Acid hydrolysis of 2 with 1M HCI liberated r-rhamnose and
p-glucose, which were identified by HPLC using an optical
rotation detector. The proton and carbon signals in the 'H- and
BC-NMR spectra (DMSO-d,, Table 3) of 2 were superimpos-

able on those of 22, except for the signals due to an additional
5'-methoxy group: two methoxy groups [d 3.76, 3.90 (3H each,
both s, 3', 5-OCH,)], a methine [§ 5.01 (1H, s, 4-H)], and
three aromatic protons [6 5.79, 5.83 (1H each, d, J/=2.0Hz, 8,
6-H), 6.89 (1H, s, 2"-H)] together with a rhamnopyranosyl [¢
1.07 (3H, d, J=6.2Hz, 6"-H;), 4.52 (1H, d, J=1.9Hz, 1"-H)]
and a glucopyranosyl moieties [6 4.57 (1H, d, J=7.4Hz, 1"-H)].
In the HMBC experiment on 2, long-range correlations were
observed between the following protons and carbons: 4-H and
C-3,5,9 10, 1, 6'-C; 6-H and 8, 10-C; 8-H and 6, 10-C; 2'-H
and 4', 6'-C; the 3'-methoxy proton and 3'-C; the 5'-methoxy
proton and 5-C; 1™-H and 3-C; 1"-H and 6"-C (Fig. 1). The
ROE correlations were observed as shown in Fig. 1 (4-H, 1"-
H, 5"-methoxy proton; 2'-H, 3'-methoxy proton). Consequently,



