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Two sesquiterpene lactones with the (9R)-eundesman-9,12-olide framefPdlk, wedelolides I and .J, have
been isolated together with five endesmanolide sesquiterpenes and twelve enf-kaurene diterpenes from the
aerial parts of Indonesian Wedelia prostrata. The absolute configurations of wedelolides I and .J, proposed
in the previous communication, were proven by comparing their experimental Electronic Circular Diclm
ism (ECD) spectra with the calculated ECD spectrum of wedelolide I. The phytochemical study on the
aerial parts of Okinawan Wedelia chinensis led to the isolation of three other eudesmanolide sesquiterpenes
in addition to the three sesquiterpenes and eleven diterpenes isolated from the Indonesian W. prostrata as
above. However, the wedelolide derivatives ffm in the Indonesian plant were not detected. Among these
mm]mds, most of the diterpenes inhibited protein tyrosine phosphatase (PTP) 1B activity, and a struc-
ture—activity relationship study revealed that the cinnamoyl group enhanced inhibitory activity. Therefore,
two ent-kaurene derivatives with and without a cinnamoyl group were examined for the ability to accumulate
phosphorylated-Akt (p-Akt) because PTP1B dephosphorylates signal transduction from the insulin receptor
such as phosphorylated Akt, a key downstream effector. However, neither compound enhanced insulin-stimu-
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Iated p-Akt levels in two human hepatoma cell lines (Huh-7 and HepG2) at non-cytotoxic doses.

Key words
kaurene diterpene; protein tyrosine phosphatase 1B

The family Asteraceac (Compositae) is a large taxonomic
group, and the genus Hedelia is composed of approximately
60 species that are widely distributed in Japan (mainly in Oki-
nawa), China, and Southeast Asia including Indonesia, India,
Burma, and Vietnam.” Some species in this genus are used
as traditional herbal medicines: Wedelia prostrata has been
applied to the treatment of inflammatory diseases ¥ while
Wedelia trilobata s used in the prevention and/or treatment
of fever and malaria in Vietnam. " Chemical studies on this
genus have identified more than 120 chemical components.
such as sesquiterpenes, diterpenes, triterpenes, flavonoids, and
cafBic acid derivatives.”

Protein tyrosine phosphatase (PTP) 1B is a key negative
regulator in the insulin and leptin signal pathways, and is
attracting inferest as :@ug target for type 2 diabetes and
obesity.” 7 Although a number of PTP1B inhibitors have been
reported from various natural and synthetic origins, a clini-
cal application has not yet been accomplished.*” Therefore,
we have been investigating new classes of PTPIB inhibitors
from terrestrial and marine organisms collected in tropical
" Present address: Faculty of Mathematics and Natural Sciences, Christian
University of Ind. ia; Tomohon 93362, Ind

*To whom correspondence should be addressed.

Wedelia prostrata. Wedelia chinensis, family Asteraceae; eudesmanolide sesquiterpene: ent-

and subtropical regions.""'" We reported in the previous com-
munication the isolation of seven sesquiterpene lactones (1-7)
includi vo eudesmanolides, wedelolides I and J (1, 2), and
PTPIB bitory ent-kaurene diterpenes (8, 9) from the aerial
parts of Indonesian W, prostrata''® (Fig. 1). Further bioassay-
guided separation afforded ten more ent-kaurene diterpene
derivatives (10-19) (Fig. 1) from the remaining fractions of
the Indonesian . prostrata. Therefore, a structure-activity
relationship study of these diterpenes on PTPIB inhibitory
activity was conducted. Additionally. wedelolide H (20) and
two more eudesmanolide sesquiterpenes (21, 22) were identi-
fied along with sesquiterpenes 5-7 and diterpenes 8-18 from
the aerial parts of Wedelia chinensis collected at Iriomote Is-
land. Okinawa, Japan (Fig. 1). The wedelolides possess a rare
(9R)-eudesman-9.12-olide skeleton. and only nine congeners.
wedelolides A-H" ' and prostrolide A.'” have been reported
from W trilobata and W. prostrata collected in Vietnam and
China. Therefore. wedelolides I and J (1, 2) were the tenth and
cleventh examples in this natural product family. The absolute
configurations of 1 and 2 tentatively proposed in the previous
communication”'? were defined by comparing their experi-
mental Electronic Circular Dichroism (ECD) spectra with the
calculated ECD spectrum of 1.

e-mail: yamazakii@tohoku-mpu.ac jp
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Fig. 1.

We herein report the elucidation of the absolute configura-
tions of 1 and 2 by ECD calculations, a phytochemical study
on Okinawan I chinensis, and the biological properties of
ent-kaurene diterpenes.

Results and Discussion

Isolation of Compounds 1-19 from Indonesian Wedelia
prostrata The EtOH extract from the aerial parts EENIT
prostrata collected at Manado. Indonesia. have been found
to inhibit PTPIB activity (ap}mimatcly 50% inhibition at
50 ug/mL), and bioassay-guided separation of the extract led to
the isolation of 8 (4.5mg) and 9 (25 mg) as active components
along with inactive sesquiterpenes 1 (0.9mg). 2 (1.2mg), 3
(1.Img). 4 (3.3mg). 5 (2.6mg). 6 (3.3mg). and 7 (2.3 mg).'>™¥
In this study, the remaining fractions were further separated
with an octadecyl silane (ODS) column followed by prepara-
tive HPLC (ODS) to give compounds 10 (3.5mg). 11 (4.7mg).
12 (10 mg). 13 (3.2mg). 14 4.6 mg). 15 (12mg). 16 (8.8 mg), 17
(3.3mg). 18 (14 mg), and 19 (1.3mg).

The ctu res of compounds 10-19 identi-
fied as ent-3f-angeloyloxykaur-16-en-19-oic acid,"” ent-3f-
tigloyloxykaur-16-en-19-oic  acid." 3a-cinnamoyloxyptero-
kaurene L," pterokaurene L,.'" 3a—angeloyluxyplerﬁrene
L. 3a-tiglovloxypterokaurene  L;*”  ent-kaur-9(11),16-
dien-19-oic acid *” l?~hydmx_\fkaur—l5-en-19-oic acid,”
tetrachyrin.*” and 15-hydroxykaur-9(11).16-dien-19-oic acid.*”
respectively, by comparing their spectroscopic data with re-
ported values (Fig. 1).

Absolute Structures of Wedelolides I and J (1 and 2)
The planar structures of wedelolides I and J (1. 2) have been
elucidated from their one dimensional (1D) and 2D-NMR,

were

9 R'=H RZ2=H

10 R'=0Ang RZ=H
11 R'=0Tig RZ=H
12 R'=0Cinn R?=0H Q
13 R'=H RZ2=0H

14 R'=0Ang RZ=0H
15 R'=0Tig R? =OH

Tlgz“al = ™~y

Structures of 1-22 Isolated from Aerial Parts of Wedelia spp. Collected in Manado (Indonesia) and Iriomote Island (Okinawa, Japan)

high resolution-electron ionization (HR-EI)-MS. UV. and IR
data as described previously.'>!¥

The absolute configurations of 1 and 2 have been presumed
as shown in Fig. 1 by the comparison of their experimental
ECD spectra with that of wedelolide D 4)."" The absolute
confdlirations of known wedelolides were elucidated using
an X-ray crystallographic analysis and modified Mosher’s
method." "5

In order to confirm the absolute configurations of 1 and 2.
the ECD spectrum of the (15.45.55.6R.75.85.9R.108)-isomer of
1 was calculated with the energy-minimized structures based
on nuclear Overhauser effect (NOE) data. The conformational
search of (1S45.55.6R75.85.9R.105)-1 resulted in 8§ low-
energy conformers in 0.60 kcal/mol as shown in Fig. 2. and
the B()Ilzman'eragt:d ECD spectrum of these conformers
(dashed line) matched well wigiJthe experimental ECD spec-
trum of 1 (solid line) (Fig. 3). Thus. the absolute configuration
of 1 was concluded as shown in Fig. 1.

The absolute configuration of 2 was also decided as 1S, 48,
58, 6R, 7S, 85, 9R, and 108 because compound 2 showed a
similar cotton curve to that of 1, and both compounds may be
biosynthesized through the same pathway.

Phytochemistry on Okinawan Wedelia chinensis As a
part of the phytochemical study, the aerial parts of . chi-
nensis were collected at Iromote Island (Okinawa, Japan) in
2016. The EtOH extract of this plant also inhibited PTP1B
activity (approximately 48% at 50ug/mL) and was purified
using an ODS column followed by preparative HPLC to give
three eudesmanolide sesquiterpenes 20 (2.8mg). 21 (5.4mg),
and 22 (5.9 mg) together with the common sesquiterpenes 5-7
and diterpenes 8-18. Compounds 20-22 were identified by
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18.4% 15.7% 15.4% 14.3%
11.0% 9.7 8.9% 6.7%
Fig. 2. Boltzmann Populations of Stable Conformers for (15.45,55.6R.75.85.9R.105)-1
10 Table 1. PTPIB Inhibitory Activities of Compounds 1-22
M —— Experimental ECD of 1
“ === Calculated ECD of (185, 45, 5S,6R, 75, 85, 9R, 105)-1 Compound 1Cy, (um)
St 1 No inhibition at 21 ga'*'"
‘i 2 No inhibition at 21 ga'*'®
\ 1 3 No inhibition at 21 "'
As D — 4 32% inhibition at 20 um''®
5 No inhibition at 24 ga'>'%
6 No inhibition at 25 g''®
-5 7 No inhibition at 20 s>
8 8.3'2'0'
9 28I2.|5r
'10 L L L L L l“ 12
200 250 300 350 11 12
Wavelength (nm) . e
13 No inhibition at 31 g
Fig. 3. Experimental E@peclrum of 1 (Solid Line) and Calculated 14 18% inhibition at 24 v
ECD Spectrum of (15.45,55.6R.75,85,9R,108)-1 (Dashed Line) 15 No inhibition at 24 v
16 29% inhibition at 33 M
comparing their spectroscopic data with the reported values :; 40% '"h’h;;’" at 33 M
for wedelolide H.," trilobolide-6-0-isobutyrate,"™ and trilo- i "
bolide-6-O-methacrylate,"” respectively (Fig. 1). -Eudes- i
: ¥ ; p y (Fig .) (a) 20 No inhibition at 23 gm
man-9.12-olide-type sesquiterpenes 1-4 possessing an acetoxy o
2 e s e 21 No inhibition at 26 g
group at the C-1 posmonmrc not obtained from this plant. i No inhibition at 26
Biological Activity The PTPIB inhibitory activities of s '
Oleanolic acid 1:1

compounds 1-22 and oleanolic acid®” as a positive control
were evaluated. and their IC,, values are listed in Table 1.
Among the eudesmanolide sesquiterpenes tested (1-4, 5-7.
and 20-22), only wedelolide D (4) modestly inhibited PTPIB
activity by E at 20um (Table 1). Among diterpenes 8-11,
diterpene 8 exhibited the most potent PTPIB inhibitory ac-
tivity win IC,, value of 8.3 um. Therefore. the cinnamoyl
group at the C-3 position in 8 is more favorable for inhibitory
activity than the other functional groups. Although 9-hydroxy
denivatives 13-15 exhibited markedly weaker activity than
the 9-1 derivatives 9-11. compounds 12 (9-OIH) and 8 (9-H)
possessing a 3-cinnamoyl moiety exhibited similar inhibitory

a) Positive control *

activity (Table 1). Accordingly, the cinnamoyl groups in 8 and
12 enhance the PTPIB inhibitory activity of ent-kaurene di-
terpenes. Based on the structure—activity relationships among
the tested compounds, compound 8 had the optimal structure
for inhibiting PTPIB activity.

Prior to cell-based investigations on 8, cell viability was
assessed against four human cancer cell lines: Huh-7 (hepato-
ma), EJ-1 (bladder). A549 (lung adenocarcinoma), and MCF-7
(breast adenocarcinoma). Compound 9. the decinnamoyl
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derivative of 8, was simultaneously tested as a rol. Each
cancer cell line was treated with 8 or 9 at 50 um for 48h, and
cell proliferation was measured by the WST-1 assay.”> Com-
pounds 8 and 9 did not affect the cell proliferation of these
cell lines.

PTPIB mainly dephosphorylates signal lduclion from
the insulin receptor in the liver,” and. thus, the phosphoryla-
tion levels of Akt, a key downstream effector in the insulin
pathway, were detected by Western blotting using Huh-7
cells.*® Compounds 8 and 9 did not enhance insulin-stim-
ulated phosphorvlated-Akt (p-Akt) levels in Huh-7 cells up
to 50um, whereas sodium orthovanadate (SOV), a pan-PTP
inhibitor, increased p-Akt levels at 5um. Similar results were
observed in experiments using the other human hepatoma
cell line, HepG2 cells. This discrepancy between the results
obtained in the enzyme- and cell-based experiments for 8 may
be due to low cell permeability and poor selectivity toward
other PTPs. Therefore, furthemldies are needed in order to
develop a lead compound for the treatment of type 2 diabetes
and obesity.

Experimental
General Experimental Procedures EI-MS and FAB-MS
were measured on a JM S-Mmm mass spectrometer (JEOL,

Tokyo, Japan). 'H- and "C-NMR spectra were recorded (§fg)

a JNM-AL-400 NMR spectrometer (JEOL) at 400 Mz for
a and 100MHz for ®C in CDCI, (d,, 7.24. J. 77.0). Specific
rotations were obtained with the digital polarimeter P-2300
(JASCO, Tokyo, JE). UV spectra were measured on the
UV-visible (Vis) spectrophotometer U-Em (Hitachi High
Technologies Co.. Ltd.. Tokyo. Japan). ECD spara were
measured with a JASCO J-720 spectropolarimeter. IR spectra
were recorded on the Fourier transform infrared spectrom-
eter FT-710 (Horiba Ltd., Kyoto, Japan). Preparative HPLC
was performed using an L-6200 HPLC system (Hitachi High
Technologies Co.. le.

Materials PTPIB was pi€lased from Enzo Life Sciences
(Farmingdale, NY, U.S.A)). p-Nitrophenyl phosphate (pNPP)
was purc@d from Sigma-Aldrich (St. Louis, MO, U.S.A).
Oleanolic acid was purchased from Tokyo Chemical Industry
(Tokyo, Japan). Plastic plates (96-well) were purchased from
Corning Inc. (C(Eg, NY. US.A). All other chemicals
including organic solvents were purchased from Wako Pure
Chemical Industries, Ltd. (Osaka. Japan).

Isolation of Compounds 1-22 The aerial parts of Wede-
lia prostrata (family Asteraceae) were collected at Manado,
North Sulawesi (Indonesia) at GPS coordinates (N1°15'8.82",
E124°51'23.43") in February 2016''¥ and of W. chinensis
(family Asteraceae) at Iriomote Islands, Okinawa (Japan) at
GPS coordinates (N24°26'99.17", E123°84'51.64") in Septem-
ber 2016. Voucher specimens have been deposited at the Fac-
ulty of Pharmaceutical Sciences, Tohoku Medical and Phar-
maceutical University as TMII-1 (Indonesia) and 16-9-8=P-4
(Japan).

The Indonesian plant (1.0 kg, wet weiﬂwas cut into small
pieces, extracted with EtOI (1.0LX3) at room temperature,
and filtered. The filtrate was evaporated tomkc the EtOH ex-
tract (47.0g), which was chromatographed on an ODS column
(100 g) with a stepwise gradient of CH;OH in H,O (0. 30, 50,
70, 85, 100%) and then with 100% CH;OH containing 0.05%
trifluoroacetic acid (TFA) to give seven fractions (frs. 1-7).

Chem. Pharm. Bull. 685

Fraction 4 (275mg, 70% CH,OH eluate) was further
separated into four subfractions (frs. 4-1-4-4) by prepara-
tive HPLC [column, PEGASIL ODS (Senshu Sci. Co., Ltd.,
Tokyvo, Japan), i.d. 10250 mm; solvent, 62% CH,OH in H,O:
flow rate, 2.0mL/min: detection, UV 210nm]. Compounds 1
(0.9mg). 2 (1.2mg). 3 (1.1 mg), and 4 (3.3 mg) were obtained by
HPLC separation (column, PEGASIL ODS, i.d. 10X250mm;
solvent. 58% CH,OH in H,O: flow rate, 2.0mL/min; detection,
UV 210nm) from fr. 4-4 (19mg). Fraction 4-1 (115mg) was
subjected to HPLC (column, PEGASIL ODS, i.d. 10250 mm:
solvent, 50% CH,OH in H,O: flow rate, 2.0mL/min; detection,
UV 210nm) to yield compounds 5 (2.6 mg) and 6 (3.3 mg). The
HPLC purification (column, PEGASIL ODS, i.d. 10250 mm:
solvent, 57% CH;OH in H,O: flow rate. 2.0mL/min: detec-
tion, UV 210nm) of fr. 4-2 (108 mg) afforded 2.3 mg of com-
pound 7 (2.3mg). Fraction 6 (2800mg, 100% CH;OH eluate)
was subjected to repeated HPLC (column, PEGASIL ODS,
1d. 10%250mm: solvent. 86% CH,OH in H,O: flow rate,
2.0mL/min; detection, UV 210nm) to isolate compounds 16
(8.8mg), 11 (4.7mg), 10 (3.5mg), 9 (25mg), and 8 4.5mg).
Fraction 5 (641 mg, 85% CH,OH eluate) was divided into four
subfractions (frs. 5-1-5-4) by preparative HPLC (column,
PEGASIL ODS, id. 10X250mm: solvent, 80% CH,OH in
H,0: flow rate. 2.0mL/min; detection, UV 210nm). Com-
pounds 13 (3.2mg). 17 (3.3 mg). 15 (12mg), 14 (4.6 mg), and
12 (10mg) were isolated from fr. 5-1 (205mg) by HPLC sepa-
ration (column, PEGASIL ODS, i.d. 10X250 mm: solvent, 71%
CH,OH in H,0, 2.0 mL/min, UV 210nm). Fraction 5-2 (80 mg)
was separated by preparative HPLC (column, PEGASIL ODS,
id. 10X250mm: solvent, 75% CH,OH in H,0, 2.0mL/min,
UV 210nm) to give 19 (1.3mg) and 18 (14 mg).

The Okinawan plant (187 g, wet weight) was extracted with
EtOH (1.0LX3) using a similar procedure to that described
above. The extract (4.2g) was separated into seven fractions
(frs. 1-7) using an ODS column (100 g) by stepwise elution
with CH,OH in I,0 (0. 30. 50, 70. 85, 100%) and then with
100% CH,OH containing 0.05% TFA.

The isolation of compounds 18 (l1.6mg), 16 (42mg), 11
(99mg), 10 4.3mg). 9 (35mg). and 8 (4.6mg) was achieved
by preparative HPLC [column. PEGASIL ODS SP100 (Senshu
Sci. Co., Ltd), i1d. 10X250mm; solvent, 89% CH,OH in
H,0; flow rate, 2.0mL/min; detection, UV 210nm] from fr.
6 (732mg. 100% CH;OH eluate). Fraction 5 (255mg., 85%
CH,OH eluate) was separated by repeated HPLC (column.
PEGASIL ODS SP100, 1.d. 10X250mm; solvent, 75% CH,0OH
in H,O: flow rate, 2.0mL/min: detection, UV 210nm) to
isolate compounds 13 (6.1mg). 17 (3.0mg). 15 (9.1mg). 14
(47mg). and 12 (6.2mg). Compounds 22 (5.9mg). 6 (3.2mg).
5 (3.4mg), 21 (54 mg), 20 (2.8mg), and 7 (2.1 mg) were puri-
fied by HPLC separation (column, PEGASIL ODS SP-100,
id. 10250 mm; solvent, 58% CH,;OH in H,O: flow rate,
2.0mL/min: detection, UV 210nm) from fr. 4 (140mg, 70%
CH,0H eluate).

Wedelolide I (1)

& olorless solids: [a]3 ~7.0 (¢=0.05, CH;OH). UV (CH,OH)

Ay D (loge) 203 (43). 211 (43) nm: ECD (2.1X107*m,
CH,CN) A, (Ag) 216 (=7.2) nm; IR (KBr) v,.. 3 2947,
1723, 1636, 1455, 1385, 1295, 1244, 11@038, 812cm ™ 'H-
and-NMR in CDCl;, see ref. 12; EI-MS m/z 476 [M]";

HR-EI-MS m/z 476.2055 [M]". (Calcd for C,5H,0,. 476.2046).
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Wedelolide J (2)

Colorless  solids: [ct];‘t,5 —12.1 (¢=0.05, CH,;OH) UV
(CH,OH) 4., nm (loge) 201 @.0), 211 (3.9 nm; ECD
(2.1X10 %, CHLCN) 4 (Ae) 209 (—2.0) nm: IR (KEE) 3402,
2946, 1737, 1471, 1387, 1245, 1203, 1155, 1033, 805cm ' 'H-
and “C-NMR in CDCl;, see ref. 12; EI-MS m/z 480 [M]";
HR-EI-MS m/z 480.2363 [M]", (Caled for C,;H,,0,, 480.2359).

Calculation of ECD Spectrum A conformational analy-
sis of (1@.58.6R.TS.SS.9R.IOS)—1 in the gas phase was
performed using the MMFF94 force field. The dfformers ob-
tained were further optimized in the gas phase by the density
functional theory (DFT) method with the B3LYP functional
and 6-31G(d) basis set. Single-point calculations of solvation
Gibbs energies in CH;CN were then performed for gas-phase
optimized geometries by the SM8 continuum model using
the same DFT method as above. These calculations were
performed using Spartan’l4 (Wavefunction, Inc., Irvine, CA,
U.S.A).

The ECD spmum of (15.45.55.6R.75.85.9R.108)-1 was
calculated using Gaussian 09 (Gaussian, Inc., Wallingford, CT,
USA) h)am time-dependent DFT (TDDFT) method with
the CAM-B3LYP functional and 6-3114++G(d, p) basis set.
The calculation was performed using the eight lowest-energy
conformers within 0.60kcal/mol predicted in CH,CN: the
energies of the other conformers were higher than the most
stable one by more than 1.26kcal/mol. The eight conform-
ers differed in their relative orientation and/or conformations
about the central C-C bonds of the two methacryloyloxy
groups. The solvent effect was introduced by the polariz-
able continuum model (PCM). Twenty-five low-lying excited
states were calculated corresponding to the wavelength region
to approximately 167nm. The simulated spectrum for each
conformer was generated using GaussView 6.0.16 (Semichem,
Inc., Shawnee Mission, KS, U8 A) with the peak half-width
at half height being 0.333 ¢V. The Boltzmann-averaged spec-
trum at 298.15K was calculated using Excel 2013 (Microsoft
Co., Redmond, WA, US.A). The calculated spectrum was
shifted by —5nm to match the experimental spectrum.

PTP1B Inhibitory Assay Inhibitory activity against
PTPIB was assessed by measuring the rate of hydrolysis of
the substrate (pNPP) according to a previously described
method with slight modifications.””*"

PTPIB (100 4L of 0.5 ug/mL stock solution) in 50mm citrate
buffer (pH 6.0) containing 0.1m NaCl, 1mm dithiothreitol
(DTT), and 1mm NNN'N'-ethylenediamine tetraacetate
(EDTA) was added to each \wlla 96-well plastic plate.
Each sample (2.0uL in CH,OH) was added to cm well to
make the final concentration and then incubated at 37°C for
10min. The reaction was initiated by the addition of pNPP
in citrate buffer (100xL of 40mmM stock solution), incubated
at 37°C for 30 min, an@cn terminated with 10uL of a stop
solution (10m NaOH). The optical density of each well was
measured at 405nm using an MTP-500 microplate reader (Co-
rona Electric Co., Ltd., Ibaraki, Japan). PTPIB inhibitory ac-
tivity (%) was defined as [1-(ABS, ;. —ABSy, (J(ABS 0~
ABS, . JIX100. ABS, . is the absorbance of wells containing
only the buffer and pNPP. ABS_, ., is the absorbance of
p-nitrophenol liberated by the enzvme in the assay system
without a test sample, whereas ABS_ . 1s that with a test
sample. Oleanolic acid, a known phosphatase inhibitor.”” was
used as a positive control.
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WST-1 Assay C)mmcily was assessed using the water-
soluble tetrazolium (WST-1; sodium 5-(2.4-disulfophenyl)-2-
(4-iodopheny]a-(4-nitrophenyl)-2H tetrazolium inner salt)
assay. which detects metabolically competent cells with an
intact mitochondrial electron transp chain.*® Briefly, 1><10*
cells were seeded oaach well of 96-well plastic plates and
cultured overnight. Cells were treated with each test com-
pound an@ubated for 48 h, and medium containing WST-1
solution (0.5mm WST-1 and 0.02mm l—metmv—i—lneth_vl—
phenazinium methylsulfate; 1-PMS) was then adda to each
well. Cells were incubated at 37°C for 60min, and absorption
at 438 nm (reference 620nm) was measured using an SH-1200
Microplate Reader (Corona Electric). Control cells were treat-
ed with 0.1% EtOH. Cell viability was calculated using the
formula: absorbance in the treated sample/absorbance in the
control X 100 (%).

Western Blotting Huh-7 or HepG2 cells were grown in a
35-mm cell culture dish and preincubated with a sample dis-
solved imcthyl sulfoxide (DMSO) for 1h. In cell-based
assays, the final concentration of DMSO was adjusted to less
than (]_lmlells were stimulated for 5min with 3nm insulin,
washed with phosphate-buffered saline (PBS). and lysed in
CclL}-‘titﬂA" (Sigma-Aldrich) in order to collect whole cell
lysates, according to the manufacturer’s instructions. Protein
concentrations were measured using a BCA™ protein assay
kit (Thermo Fisher Scientific Inc.. Waltham, MA, U.S.A) in
accordance with the manufacturer’s instmctionamplcs of
each protein (10ug of whole cell lysates) were loaded onto a
10% sodium dodecyl sulfate (SDS)-polyacrylamide gel. After
electrophoresis, proteins were transferred to a polyvinylidene
difluoride (PVDF) membrane. Proteins were blocked with
Blocking One” (:a|ai Tesque Inc., Kyoto, Japan) for 1h and
reacted with §fhntibody at 4°C overnight. The membrane was
then washed with a solution (PBS containing 0.05% Tween-20)
and incubated with a horseradish peroxidase-linked secondary
antibody for 1h. All antibodies used for Western blotting were
purchased from Cell Signaling Technology. After washing,
protein levels were analyzed by enhanced chemiluminescence
with Pierce™ Western blotting substrate (Thermo Fisher Scien-
tific I The immunoreactivities of p-Akt. total-Akt (t-Akt).
and  glyceraldehyde-3-phosphate  dehydrogenase (GAPDH)
were visualized and measured by densitometry using the
“LAS-4O digital imaging system and “ImageQuant TL”
software from GE Healthcare Life Sciences (Little Chalfont.
ULK.). The amounts of the p-Akt and t-Akt proteins were ex-
pressed as a ratio of those in the control group.
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