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ARTICLE INFO ABSTRACT

q
ent-kaurene diterpene
Wedelia prostata
Protein tyrosine phosphatase 1B
Inhibitor

Wedelia prosta

PTP1B at 20 pM.

Seven endesmanolide sesquiterpenes (1-7) and two ent-kau
pene eudesman-9,12-olides, named wedelolides I and J (1 and 2), were isolated from the aerial parts of Indonesian
structures of 1 and 2 were assigned based on theirezcr.msmpic data. Diterpenes 8 and 9
inhibited the activity of protein tyrosine phosphatase 1B (PTP1B) with ICs values of 8.3 and 28 uM,
respectively. Among sesquiterpenes 1-7, compound 4, wedelolide D, exhibited 32% inhibitory activity against

iterpenes (8 and 9) including two new (9R)-

ﬁntmducﬁon

The genus Wedelia belongs to the family Asteraceae and consists of
approximately 60 species, which are generally distributed in Japan
(mainly in Okinawa), China, Southeast Asia (including Indonesia,
India, Burma, and Viet Nam) (Li et al., 2007). A number of plants in this
genus are used as a folk medicine, and, of these, W. prostata has been
applied to the treatment of inflammatory diseases (Zhang et al., 2011;
Li et al., 1959). Sesquiterpenes, diterpenes, triterpenes, flavonoids, and
caffeic acid derivatives have been identified as chemical components of
W. prostata (Li c 2007).

In studies on new types of protein tyrosine phosphatase 1B (PTP1B)
inhibitors from terrestrial and marine organisms, we have identified
ous PTP1B inhibitors with unique structural features (Yamazaki
et al., 2013; Yamazaki et al., 2015a; Yamaza al., 2015b; Abdjul
et al., 2016; Lee et al., 2016), and found that the EtOH extract of the
aerial parts of W. prostata, collected at Manado, Indonesia in 2016,
exhi PTP1B inhibitory activity. PTP1B inhibitors are promising
lead compounds for the treatment offfipe-2 diabetes and obesity
because PTP1B plays an important role anegative regulator of cell
signals from insulin and leptin receptors (Zhang and Zhang, 2007; Barr,
2010; Zhang et al., 2015; J et al.,, 2012; Popov, 2011). The
bioassay-guided separation of the extract led to the isolation of seven
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sesquiterpene lactones (1-7) and two ent-kaurene diterpenes (8 and 9)
including two new eudesmanolides, named wedelBffles I and J (1 and
2) (Fig. 1). The wedelolide family possesses a rare type of sesquiterpene
&-lactone with the (9R)-eudesman-9,12-olide framework. Only nine
derivatives have been reported from ilobata and W. prostata
collected in Viet Nam and China (That et al., 2007; Li et al., 2013;
Duc at al., 2016; Wu et 2016).

We herein describe the isolation, structure elucidation, and biolo-
gical activity of compounds 1-9.

2. @su]ts and discussion

The EtOH extract from the aerial of W. prostata inhibited
PTP1B activity (about 50% inhibition at 50 pg/mL) and was separated
into seven fractions using an ODS column. The bioactive fractions were
th rified by repeated HPLC (ODS) ield compounds 1 (0.9 mg),
2 (1.2 mg), 3 (1.1 mg), 4 (3.3 mg), 5 (2.6 mg), 6 (3.3 mg), 7 (2.3 mg), 8
(4.5 mg), and 9 (25 mg).

mpounds 4-9 were identified as wedelolide D (Li et al., 2013),
1B-acetoxy-4a,9a-dihydroxy-6p-(isobutyryloxy)prostatolide (, 1993),
1p-acetoxy-4a,9a-dihydroxy-6p-(methacryloxy)prostatolide  (Ragasa
and Padolina, 1993), 1p-acetoxy-4a-hydroxy-6p-isobutyryloxy-9a-iso-
valeryloxyprostatolide (Wu et al., 2010), ent-3p-cinnamoyloxykaur-16-

1874-3900/ @ 2017 Phytochemical Society of Europe. Published by Elsevier Ltd. All rights reserved.
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1 Ry = Meacr Rp=Meacr
2 Ry=i-Bu Ro=i-Bu

3 R;=i-Bu By = Meacr

4 R;=i-Bu Ry=Tig

5 Ry=i-Bu Re=H
6 Ry=Meacr Rz=H
7 Ry=i-Bu Ry=iVal
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gg. 1. Structures of 1-9 isolated from the aerial parts of Indonesian Wedelia prosteta

&
en-19-oic acid (Ragasa and Pzalina, 1993), and ent-kaur-16-en-19-oic
acid (Bohlmann et al., 1982), respectively, by comparing their spectro-
scopic with previously reported values (Fig. 1).

The molecular formula of compound 1 was assigned as CysH3,09
from HREIMS [ 476.2055 [M]*, A +0.9 mmu) and NMR data
(Table 1). The 'H and "*C NMR spectra of 1 (in CDCls) indicated 31
prot nd 25 carbon signals, which were classified into five methyls,
two sp° methylenes, two sp® methines, four sp® oxygenated methines,
one sp® quaternary carbon, sp® oxygenated unprotonated carbon,
three sp® methylenes, three sp~ quaternary carband four carbonyl
carbons from an analysis of the HMQC spectrum of 1 (Table 1). The 'H
and '?C NMR data for 1 were very similar to those for 4. Therefi e
skeletal structure of 1 was presumed to be the same as that of 4, which
was confirmed by COSY and HMBC correlations of 1 (Fig. 2a). The main
differenl:qobserved in the NMR data between 1 and 4 were the
presence of two methacryloxy groups at C-6 and C-8 in 1 [C-6 ester (8y
6.16, 5.71, and 2.00; 8- 166.6, 135.5, 127.3, and 18.4) and a C-8 ester
(8y 6.05, 5.59, af€§1.87; 8¢ 166.0, 135.2, 127.4, and 18.0)] instead of
@sobutyryloxy group at C-6 and a tigloyloxy group at C-8 in 4. Thus,

e planar structure of 1 was elucidated as 1-acetoxy-4-hydroxy-6,8-
ding'nacryloxy—eudesman—‘é,12—01ide and named wedelolide I (Fig. 2a).
e relative configuration of 1 was assigned by its NOESY data
(Fig. 2@ The correlations between H-1 (§ 4.95)/H-3 (1.71), H-1/H-5
(1.55), H-3/H-5, H-5/H-6 (5.59), H-8 (5.47)/H3-15 (1.42), H-9 (4.47)/
H3-15, and H3-14 (1.31)/H3-15 in the NOESY spectrum of 1 indicated
the same ring m as that of 4. This configuration was also supported
by comparing the coupling constants i NMR spectrum of 1 with
those of 4 and related compounds (That et al., 2007; Li et al., 2013; Duc
etal., 2016; W| al., 2016).

Compound d the molecular formula of CysH3509, which was
deduced from (m/z 480.2363 [M]*, A +0.4 mmu) and NMR
data (Table 1). The 'H and '>C NMR spectra of 2 resembled those of 1
and 4. Comparisons of NMR data for 2 with those for 4 revealed that a
tigloyloxy group at C-8 in 4 was replaced by an isobutyryloxy group in 2
(Fig. 3a). Thus, the planar structure of 2 was elucidated to be 1-acetoxy-
4-hydroxy-6,8-diE}ulyryloxy—eudesman@,12-olide and named wedelo-
lide J (Fig. 3a). The relative configuration of 2 was confirmed by its
similar NOESY data to 1 (Fig. 3b).

‘The molecular formula of compound 3 (Cy5H3405) was elucidated
from ]-IRI*m (m/z 478.2214 [M]*, A +1.1 mmu) and NMR data
(Table 1). The 'H and '*C NMR spectra of 3 revealed was also a
wedelolide. The relative structure of 3 was assigned fr e 1D and 2D
NMR spectra of 3 (Fig. 4). Compound 3 was obtained as a new natural
product in this study, however compound 3 was recently reported from
the Chinese W. prostata as prostrolide A (Wu et al., 2016) during the
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preparation of this manuscript

? absolute configurations of wedelolides have been established by
an X-ray crystallographic analysis and modified Mosher’s method (That
et al., 2007; Li et al., 2013). Compounds 1-3 were obtained together
with a known derivative, wedelolide D (4), from the same plant,
indicating that compounds 1-4 are biosynthesized by the same path-
way. Therefore, the absolute configurations of 1-3 may be the same as
that of 4, which is supported by the same Cotton effects in ECD spectra
of 1-4.

The inhibitory effects of compounds 1-9 on PTP1B aclivity were
examined, and the [Csy values of 1-9 and a positive control [oleanolic
acid (Zhang et al., 08)] are listed in Table 2. ent-Kaurene diterpene 8
inhibited PTP1B activity with an IC5, value of 8.3 pM, whereas
compound 9, a decinnamoyloxy derivative of 8, exhibited markedly
reduced activity (ICsp = 28 pM). Therefore, the cinnamoyl group in 8 is
favorable for PTP1B inhibitory activity. Among the eudesmanolide
sesquiterpenes examined (1-7), only wedelolide D (4) exhibited 32%
inhibition against PTP1B at 20 uM. The other sesquiterpenes did not
inhibit PTP1B activity a 25 pM.

In the present study, two new (9R)-eudesman-9,12-olide sesquiter-
penes, wedelolides I (1) and J (2), were isolated together with seven
known terpenoid components (3-9) from the aerial parts of Indonesian
W. prostata. Inhibitory activity against PTP1B by the EtOH extract was
reproduced by two ent-kaurene diterpenes (; 9) as the main active
components. Although the PTP1B inhibitory activity of ent-kaur-16-en-
19-oic acid (9) has already been reported (Na et al., 2006), we herein
revealed that the cinnamoyl group enhanced the activity of this type of
diterpene.

m!xperimental

3.1. General experimental procedures

EIMS was measured on a JMS-MS 7@ mass spectrometer (JEOL,
Tokyo, Japan). 'H and '*C NMR s ere recorded on a JNM-AL-
400 NMR spectrometer (JEOL) at 400 MHz for 'H and 100 MHz for '*C
in CDCl; (8§ 7.24, 8¢ 77.0). [fecific rotations were obtained with the
digital polarimeter P-2300 CO, Tokyo, Japan). UV spectra were
gasured on the UV-vis spectrophotometer U-3310 (Hitachi Ltd.,

okyo, Japan). EC ectra were measured with a JASCO J-720
spectropolarimeter. IR spectra were recorded on the Fourier transform
infrared spectrometer FT-710 (Horiba Ltd., Kyoto, Japan). Preparative
HPLC was performed using an L-6200 HPLC system (Hitachi Ltd.,
Tokyo, Japan).
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Table 1 3.2, Materials

'H and "C NMR Data for Compounds 1-3 in CDCly.

PTP1B was purchased from Enzo Life Scis (Farmingdale, NY,

C# 1 2 3
USA). p-Nitrophenyl phosphate (pNPP) was purchased from Sigma-
, type By mult, gype Sumult. 8o type 8 @m t Aldrich (St. Louis, MO, USA). Oleanolic acid was purchased from Tokyo
(J in Hz) (Jin Hz) (Jin Hz) Chemical Industry (Tokyo, Japan). Plastic plates (96-well) were pur-
1 730,CH  495dd 73.0,CH  493,dd 73.0,CH  4.94,dd Fhasea_ frco.mm‘g Inc. {Cocmiing, X, USA). AR othes Chem".:als
(1.0, AL, (1.0, 4.6) including organic solvents were purchased from Wako Pure Chemical
9 4.8) 4.4) Industries Ltd. (Osaka, Japan).
2 1,CH; 157, m  241,CH:; 157,m  241,CH: 157, m
210, m 209, m 2,09, m
3 411,CH; 157,m 411, CH; 157, m 411, CH; 1.57,m 3.3. Isolation of compounds 1-9
1.71, m 1.70, m 1.71, dd
4 709 T 70,9, @ (62,34 The aerial parts of Weddi@mam were collected at Manado, North
5 43:3: CH 155, d 43:6: CH 1.50, d 43i6: CH 1.52,d Sulawesi, Indonesia in 2016. voucher specimen was depmlted at the
(2.4) (2.9) (2.8) Faculty of Pharmaceutical Sciences, Tohoku Medical and Pharmaceutical
6 743,CH 559,m 738 CH 549,dd 738 CH 551dd University as TMH-1. 44
(38,2.9) (38,28 The plant (1.0 kg, wet weight) was cut into small pieces and

7  439,CH  331,brd 438 CH  320,brd 439,CH  3.24, brd

(2.9) ©8) ©8) exhaustively extracted three times with EtOH. The EtOH extract
8 648, 547, dd 643, CH  536,dd 648 CH 545 dd (47.0 g) was separated into seven fractions (Frs. 1-7) using an ODS
(3.9,1.9) (3.6,1.9) (3.4, 1.9) column (100 g) with the stepwise elution of CH30H in HzO (0, 30, 50,
9 8 447, brs 812, CH 438, brs 812, CH  4.44,brs 70, 85, 100% CH30H, and 100% CH,OH containing 0.05% TFA). Fr. 4
:‘l’ ;‘;i_’?cc ‘l‘;'l“écc ‘]';']4;,':6 (274.8 mg, eluted with 70% CH0H) was subjected to HPLC separation
12 162_4: c 162}3: c ]62:6: c [column, PEGASIL ODS (Senshu Sci. Co. Ltd., Tokyo, Japan), id.
13 133.4,CH, 585 s 133.3, CH,  5.80,s 1334, CH, 5.82,s 10 mm x 250 mm; solvent, 62% CH30H in H,0; flow rate, 2.0 mL/
6.66, s 6.65, s 6.66, s min; detection, UV 210 nm] to give four subfractions (Frs. 4.1-4.4).
@ 6.68, s 5.65, s 5.66, s Compounds 1 (0.9 mg, tx = 103 min), 2 (1.2 mg, t; = 123 min), 3
14 251, 131, s 251,CH;  130,s 251,CH;  1.31,s . \ .
15 155 O, 1425 155 CHy  1.39,s 155, CH, 1415 (1.1 mg, tg = 132 min), and 4 (3.3j mg, tg = 140 min) were isolated
RO from Fr. 4-4 (19.4 mg) by preparative HPLC [column, PEGASIL ODS,
1 1698, C 203, 169.8, C 203, 1698, C 2,03, s i.d. 10 mm x 250 mm; solvent, 58% CH3OH in H,0; flow rate, 2.0 mL/
(13.4, (13.4, (13.4, min; detection, UV 210 nm]. Fr. 4-1 (114.8 mg) was purified by HPLC
13.4, 4.8) 13.4, 4.8) 13.4, 4.8) [column, PEGASIL ODS, i.d. 10 mm x 250 mm; solvent, 50% CH50H in
2 21.2,CH; 2.03,s 21.2, CHz  2.03,s 21.2, CHy  2.03,s H40; flow rate, 2.0 mL/min; dete , UV 210 nm] to give compounds
6-ester 5 (2.6 mg, ty = 100 min) and 6 (3.3 mg, tx = 110 min). Compound 7
1 166.6, C 176.2,C 176.2, C (2.3 mg, tyg = 90 min) was isolated from Fr. 4-2 (107.5 mg) by pre-
2 185C 345, CH  263,sept 345 CH 2,63, sept parative HPLC [column, PEGASIL ODS, i.d. 10 mm % 250 mm; solvent,
3 1273,CHy 571, 18.8, CHg (]62? d 185, CHy (]62? d 57% CH30H in HO; flow rate, 2.0 mL/min; detection, UV 210 nm].
(6.8) (6.8) Compounds 8 (4.5 mg, tx = 45 min) and 9 (25 mg, tx = 41 min) were
6.16, 5 obtained from Fr. 6 (2800 mg, eluted with 100% CH;OH) by prepara-
4 184,CH; 2.00,s 19.1, CH;  1.23,d 190, CHy  1.23,d tive HPLC [column, PEGASIL ODS, i.d. 10 mm x 250 mm; solvent, 86%
(6.8 (6.8) CH40H in H,0; flow rate, 2.0 mL/min; detection, UV 210 nm].
8-ester
1 166.0,C 176.2,C 166.2, C
2 135.2,C 33.9,CH 251, sept 135.3,C 3.3.1. Wedelolide I (1)
@2 Colorless solids; [a]F —7.0 (¢ 0.05, CH3OH); UV (CH30H) Apay N
5 TOASh SRe CSOh gl | ooe SR (log €) 203 (4.3), 211 (4.3) nm; ECD (2.1 X 10~ * M, CH3CN) Amax (A€)
6.05, s ' 6.05, 5 216 (-7.2) nm; IR (KBr) vpmax 3432, 2947, 1723, 1636, 1455, 1385,
4 180,CH; 187,s  186,CH; 1.09,d  180,CH; 187,s 1295, 1244, 1157, 1038, 812cm ™~ '; 'H and '*C NMR in CDCls, see
(7.2) Table 1; EIMS m/z 476 [M] *; HREIMS m/z 476.2055 [M]*, (caled for

Cu5Ha200, 476.2046).
(b)
H

H
HO

H
1M
ROS¥e A~ noesy

Fig. ! ;aJ COSY and key HMBC correlations and (b) key NOESY data for 1.

1593
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(a)

(b)

N

HMBC
cosy

Table 2
FTP1B Inhibitory Activities of Compounds 1-9.

Compound ICsq (HM)

=21

> 21

=21

32% inhibition at 20 uM
> 24

=25

> 20

8.3

28

1.1

OC®NoWmbsWwe =

leanolic acid (positive control)'!

3.3.2. Wedelolide J (2)

Colorless solids; [a]3 —12.1 (¢ 0.05, CH;0H); UV (CH50H) Aoy
nm (log ) 201 (4.0), 211 (3.9) nm; ECD (2.1 x 10~ * M, CH5CN) Ay
(A¢) 209 (-2.0) nm; IR (KBr) 3402, 2946, 1737, 1471, [, 1245,
1203, 1155, 1033, 805 cff)’; 'H and '°C NMR in CDCls, see Table 1;
EIMS m/z 480 [M]*; HREIMS m/z 480.2363 [M]", (caled for
CasHa00, 480.2359).

3.3.3. Prostrolide A (3)

Colorless solids; [a]d! —46.8 (c 0.1, CHAER); lit. [a]®p —44.1 (¢
1.05, CHzOH) (Wu et al., 2016); UV (CH3OH) Amax nm (log £) 203 (4.3),
212 (4.2) nm; ECD (2.1 % 10~* M, CHaCN) Apayx (A€) 213 (-9.2) nm; IR
(KBr) vmay 3409, 2947, 1726, 1633, 1828 1389, 1245, 1157, 1032,
cm‘l; 'H and '*C NMR in CDCls, Table 1; EIMS m/z 478 [M]*;
HREIMS m/z 478.2214 [M]* (caled for CpsHg404, 478.2203).

3.4. PTP1B inhibitory assay

43
Inhibitory activity againstp.mtein tyrosine phosphatase 1B (PTP1B)

(b)

194
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<~ NOESY

was assessed by measuring the rate of hydrolysis of the substrate, p-
nitrophenyl phosphate (pNPP, Sigma-Aldrich), according to a pre-
viously described method with a slight modification (Cui et al., 2006;
Yamazaki et al., 2013). Briefly, PTP1B (lomof 0.5 pg/mL stock
solution, Enzo Life Sciences) in 50 mM citrate er (pH 6.0) contain-
ing 0.1 M NaCl, 1 mM dithiothreitol (DTT), and 1 mM N,N,N'N"ethy-
lenediamine tetraacetate (EDTA) was added to each well of a 96-well
plastic plate (Corning Inc). Each sample (2.0 uLCHgOH) was added
to each well to make a final concentration and incubated at 37 °C for
10 min. The reaction was initiated by the addition of pNPP (100 pL of
4.0 mM stock solution) to the citrate buffer, incubated at 37 °C for
30 and terminated with the addition of 10 pL of a stop solution
(10 a0H). The optical density of each well was measured at 405 nm
using an MTP-500 microplate reader (Corona Electric Co., LTD.). PTP1B
inhibitory activity (%) was defined as [1-(ABSqmpie — ABSpiank)/(AB-
Scontrol — ABSpiani)] % 100, ABSyp,, was the absorbance of wells
containing only the buffer and pNPP. ABS.,nwra Was the absorbance of
p-nitrophenol liberated by the enzyme in the assay system without a
test sample, whereas ABS, ;. was that with a test sample. Assays were
performed in two independent experiments for all samples. Oleanolic
acid (Tokyo ical Industry), a known phosphatase inhibitor (Zhang
et al., 2008), was used as a positive control.
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