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Table 4
"H and "*C NMR spectroscopic data {pyridine-ds) of 4, 5, and 4a.
4 5 4a
Position Sn oc Sn é¢ Sy S¢
1 2.74 (d, 17.8) 43.0 2.65 (d, 18.2) 42.5 245 (d,17.9) 42.1
3.07 (d, 17.8) 2.69 (d, 18.2) 2.69(d, 17.9)
2 1743 1743 171.9
3 1823 179.8 179.6
4 47.0 46.8 46.7
5 3.14 (dd, 3.2, 11.5) 49.0 2.96(dd, 2.5, 12.3) 49.2 2.69 (m) 493
6 1.73 (2H, m) 222 1.54 (m) 219 1.48 (m) 21.7
1.62 (m) 1.55 (m)
7 1.52 (m) 33.0 1.49 (ddd, 2.8, 12.9, 13.0) 329 1.45 (m) 328
1.91 (m) 1.82 (m) 1.74 (m)
8 40.7 40.6 40.5
9 3.42(dd, 6.4, 11.4) 396 3.34 (dd, 6.4, 11.4) 39,5 2.98 (m) 39.8
10 424 42.1 422
11 2.19 (ddd, 3.5, 11.4, 18.1) 24.6 2.15 (ddd, 3.6, 11.4, 18.1) 245 2.08 (m) 244
2.38(ddd, 3.5, 6.4, 18.1) 2.32(ddd, 3.6, 6.4, 18.1) 2.12 (m)
12 5.55 (dd, 3.5, 3.5) 1280 5.60 (dd, 3.6, 3.6) 1289 5.57 (dd, 3.9, 3.9) 128.6
13 139.0 139.0 1391
14 43.0 43.0 42.9
15 127 (m) 294 1.27 (m) 294 1.26 (m) 293
2.43 (ddd, 44, 13.2, 14.0) 2.43 (ddd, 44, 13.2, 14.0) 2.40 (m)
16 1.99 (m) 26.2 2.00 (m) 26.3 2.00 (m) 26.3
3.01 (ddd, 4.4, 13.2,13.2) 3.01 (ddd, 4.4, 13.2, 13.2) 3.02 (m)
17 48.7 48.7 48.8
18 2.94 (brs) 545 2.94 (brs) 54.5 294 (brs) 54.5
19 72.7 72.8 72.7
20 1.34 (m) 42.1 135 (m) 42.1 1.36 (m) 42.1
21 1.22 (m) 26.7 1.28 (m) 26.7 1.23 (m) 267
1.95 (m) 1.95 (m) 1.96 (m)
22 1.84 (m) 37.6 1.85 (m) 37.6 1.85 (m) 37.6
2.04 (m) 2.04 (m) 2.05 (m)
23 1.55(3H, s) 275 139 (3H,s) 276 133 (3H, s) 275
24 1.59 (3H, s) 251 142 (3H,s) 24.7 1.34 (3H, s) 244
25 1.26 (3H, s) 19.6 113 (3H,s) 194 1.06 (3H, s) 19.2
26 1.27 (3H, s5) 175 1.24 (3H, s) 174 1.20 (3H, s) 17.4
27 1.80 (3H, s) 24.2 1.78 (3H, s) 242 1.72 (3H, s) 24.1
28 177.0 177.0 177.0
29 130 (3H,s) 27.1 1.30 (3H, 5) 271 1.34 (3H, s) 271
30 1.02 (3H, d, 6.6) 16.6 1.04 (3H, d, 6.6) 16.6 1.05 (3H, d, 6.6) 16.6
28-0-Glc
1 6.24 (d, 8.3) 95.9 6.26 (d, 8.2) 95.9 6.26 (d, 8.2) 95.9
2 4.18 (dd, 8.3, 8.8) 741 4.19 (dd, 8.2, 8.6) 74.1 4.19 (dd, 8.2, 8.4) 74.1
3 4.27 (dd, 8.8, 9.0) 79.0 4.27 (dd, 8.6, 8.8) 79.0 427 (dd, 8.4, 8.6) 79.0
4 4.30 (dd, 9.0, 9.2) 714 4.31(dd, 8.8,9.2) 714 4.31 (dd, 8.6,9.4) 714
5 4.03 (ddd, 2.6, 4.6, 9.2) 79.1 4.03 (ddd, 2.6, 4.6, 9.2) 79.2 4,03 (m) 79.2
6 436 (dd, 4.6, 12.0) 62.5 4.37 (dd, 4.6, 12.0) 62.5 4.36 (m) 62.5
4.45 (dd, 2.6, 12.0) 4.45 (dd, 2.6, 12.0) 445 (m)
2-COOCH3 3.54 (3H, s) 50.6
3-COOCH3 3.68 (3H, s) 51.8 3.62(3H,s) 51.7
Experimental The following experimental conditions were used for column

General experimental procedures

The following instruments were used to obtain physical data:
specific rotations, Horiba SEPA-300 digital polarimeter (I=5 cm);
UV spectra, Shimadzu UV-1600 spectrometer; IR spectra, Shimadzu
FTIR-8100 spectrometer; 'H NMR spectra, ]NM-ECAG00 (600 MHz)
and JNM-ECS400 (400 MHz) spectrometers; '*C NMR spectra,
JNM-ECA600 (150 MHz) and JNM-ECS400 (100 MHz) spectrometers
with tetramethylsilane as an internal standard; FABMS and
HRFABMS, JEOLJMS-SX 102A mass spectrometer; EIMS and HREIMS,
JEOL JMS-GCMATE mass spectrometer; HPLC detector, Shimadzu
RID-6A refractive index and SPD-10A UV-VIS detectors and
Shodex OR-2 optical rotation detector; HPLC column, Cosmosil
5C1g-MS-II  (Nacalai Tesque, Inc, Kyoto, Japan, 4.6 mm
i.d. x250mm and 20mm id. x 250 mm) for analytical and
preparative purposes, respectively, and Kaseisorb LC NH,-60-5
(Tokyo Kasei Co., Ltd., Tokyo, Japan, 4.6 mm id. x 250 mm) for
identification of sugar part.

chromatography (CC): highly porous synthetic resin, Diaion
HP-20 (Mitsubishi Chemical Co., Tokyo, Japan); normal-phase silica
gel CC, silica gel 60N (Kanto Chemical Co., Ltd., Tokyo, Japan; 63~
210 mesh, spherical, neutral); reversed-phase ODS CC, Chromato-
rex ODS DM1020T (Fuji Silysia Chemical, Ltd., Aichi, Japan; 100~
200 mesh); TLC, pre-coated TLC plates with silica gel 60F;s,
(Merck, Darmstadt, Germany, 0.25 mm) (normal-phase) and silica
gel RP-18 WFys4s (Merck, Darmstadt, Germany, 0.25mm) (re-
versed-phase); reversed-phase HPTLC, pre-coated TLC plates with
silica gel RP-18 WF;s45 (Merck, Darmstadt, Germany, 0.25 mm);
detection was carried out by spraying 1% Ce(SO4),—-10% aqueous
H,S0,, followed by heating.

Plant material

Tuberous roots of P. anserina collected at Tibet Autonomous Re-
gion, China. The plant material was identified by one of the authors
(M. Y.). A voucher specimen (20080109 Tibet-01) of this plant is on
file in our laboratory.

-102 -



T. Morikawa et al./Phytochemistry 102 (2014) 169-181 175

Reagents and conditions:
HO H i) 5% KOM-1,4-dioxane (1:1, viv), 80°C, 1 h,
OH 98.5%; i) TMSCHN, / MeOH, r.t,, 1 h, 90.2%

from 4, 81.5% from §

Fig. 3. Absolute stereostructures of 4 and 5.

Extraction and isolation

Dried tuberous roots of P. anserina (9.7 kg) were finely cut and
extracted 3 times with MeOH (20L) under conditions of reflux
for 3 h. Evaporation of the solvent under reduced pressure pro-
vided a MeOH extract (2.23 kg, 23.0%). An aliquot (2.13 kg) was
partitioned with EtOAc-H,0 (1:1, v/v) to furnish an EtOAc-soluble
fraction (53.3 g, 0.58%) and an aqueous phase. The latter was sub-
jected to Diaion HP-20 CC (3.0 kg, HO — MeOH, twice) to give
H,0-eluted (1990.0 g, 21.50%) and MeOH-eluted (67.3 g, 0.73%)
fractions. An aliquot (43.3 g) of the EtOAc-soluble fraction was sub-
jected to normal-phase silica gel CC [1.3 kg, hexane-acetone
(10:1 - 2:1 - 2:5, v/v) - MeOH] to give 11 fractions [Fr. 1
(1.11¢g), Fr. 2 (5.08¢g), Fr. 3 (7.12g), Fr. 4 (871.1mg), Fr. 5
(702.2 mg), Fr. 6 (943.2 mg), Fr. 7 (465.5mg), Fr. 8 (2.74g), Fr. 9
(3.58 g), Fr. 10 (8.00 g), and Fr. 11 (8.79 g)]. Fraction 4 (871.1 mg)
was subjected to reversed-phase ODS CC [26g, MeOH-H0
(70:30 — 80:20 — 90:10, v/v) » MeOH - acetone| to give five
fractions [Fr. 4-1 (68.7 mg), Fr. 4-2 (113.1 mg), Fr. 4-3 (345.2 mg),
Fr. 4-4 (1426mg), and Fr. 4-5 (142.9mg)]. Fraction 4-2
(113.1 mg) was subjected to HPLC [MeOH-1% aqueous AcOH
(80:20, v/v)] to give pomolic acid (7, 9.5 mg, 0.00013%), tormentic
acid (9, 5.1 mg, 0.00007%), and 2-oxopomolic acid (14, 4.6 mg,
0.00006%). Fraction 5 (702.2 mg) was subjected to reversed-phase
ODS CC [23 g, MeOH-H,0 (60:40 — 70:30 — 80:20 — 90:10, v/
v) - MeOH — acetone] to give five fractions [Fr. 5-1 (101.5 mg),
Fr. 5-2 (104.5 mg), Fr. 5-3 (217.8 mg), Fr. 5-4 (167.5 mg), and Fr.
5-5 (110.0 mg)]. Fraction 5-2 (104.5 mg) was subjected to HPLC
[MeOH-1% aqueous AcOH (70:30, v/v)] to give cacropiacic acid
(17, 7.2 mg, 0.00010%). Fraction 5-3 (217.8 mg) was subjected to
HPLC [MeOH-1% aqueous AcOH (70:30, v/v)] to give euscaphic acid
(11, 17.8 mg, 0.00024%), 2¢,19¢-dihydroxy-3-oxours-12-en-28-oic
acid (13, 57.2 mg, 0.00077%), and 17 (5.3 mg, 0.00007%). Fraction
5-4 (167.5 mg) was subjected to HPLC [MeOH-1% aqueous AcOH
(80:20, v/v)] to give 7 (50.8mg, 0.00068%), 11 (10.0mg,
0.00013%), 13 (8.3 mg, 0.00011%), 2a-hydroxyursolic acid (16,
15.0 mg, 0.00020%), maslinic acid (18, 21.6 mg, 0.00029%), and
alphitolic acid (21, 3.2 mg, 0.00004%). Fraction 8 (2.74 g) was sub-
jected to reversed-phase ODS CC [240g, MeOH-H,0
(10:90 — 30:70 — 70:30, v/v) - MeOH — acetone] to give eight
fractions [Fr. 8-1 (368.0mg), Fr. 8-2 (331.2mg), Fr. 83

Table 5
H and "*C NMR spectroscopic data (pyridine-ds) of 6.

6

Position oH dc

1 1.36 (m) 48.1
2.39(dd, 44, 124)

2 4.24 (m) 69.2

3 418 (d, 9.4) 784

4 43.6

5 1.75 (brd, ca.11) 48.2

6 137 (m) 18.6
1.67 (m)

7 1.32 (brd, ca. 13) 349
1.54 (m)

8 419

9 1.71 (dd, 3.1, 12.7) 51.1

10 38.7

11 1.28 (m) 222
1.54 (m)

12 1.88 (m) 25.6
2.81 (m)

13 1390

14 449

15 1.04 (m) 27.7
2.10 (m)

16 1.61 (m) 332
2.25 (ddd, 3.2, 3.3, 13.4)

17 49.4

18 1279

19 248 (brd, ca. 14) 36.4
2.80 (brd, ca. 14)

20 384

21 1.41 (m) 32.0
1.97 (br ddq, ca. 13, 14)

22 150 (br dd, ca. 13, 14) 35.7
2.56 (br d, ca. 14)

23 3.70 (d, 10.4) 66.7
417 (d, 104)

24 1.04 (3H, s) 142

25 0.98 (3H, s) 184

26 1.14 (3H, s) 18.1

27 1.12 (3H, s) 213

28 175.9

29 1.00 (3H, s) 203

30 3.60 (2H, s) 734

28-0-Glc

i 6.32 (d, 8.1) 96.2

2 415 (dd, 8.1, 8.5) 743

3 4.23 (m) 789

4 4.24 (dd, 8.8,9.2) 715

5 4.00 (m) 79.2

& 431 (dd, 4.8, 11.8) 625

440 (dd, 2.4, 11.8)

(240.0 mg), Fr. 8-4 (111.9mg), Fr. 8-5 (550.1mg), Fr. 8-6
(636.0 mg), Fr. 8-7 (297.2 mg), and Fr. 8-8 (168.7 mg)]. Fraction
8-1 (368.0 mg) was subjected to HPLC [MeOH-1% aqueous AcOH
(10:90, v/v)] to give gallic acid methyl ester (7.8 mg, 0.00010%)
and (+)-gallocatehin (86.9 mg, 0.00116%). Fraction 8-3 (240.0 mg)
was subjected to HPLC [MeOH-1% aqueous AcOH (10:90, v/v)] to
give (+)-catechin (37.2mg, 0.00050%) and (+)-gallocatehin
(20.0 mg, 0.00027%). Fraction 8-5 (550.1 mg) was subjected to
HPLC [MeOH-1% aqueous AcOH (50:50, v/v)] to give rosamutin
(10, 112.3 mg, 0.00150%) and 24-deoxy-sericoside (19, 37.1 mg,
0.00050%). Fraction 8-6 (636.0mg) was subjected to HPLC
[MeOH-1% aqueous AcOH (70:30, v/v)] to give 10 (203.3 mg,
0.00272%), kaji-ichigoside F1 (12, 143.9 mg, 0.00193%), and 19
(11.6 mg, 0.00016%). Fraction 9 (3.58 g) was subjected to re-
versed-phase ODS CC [130g, MeOH-H,O (50:50 - 70:30
— 80:20, v/v) - MeOH] to give six fractions [Fr. 9-1 (344.4 mg),
Fr. 9-2 (111.1 mg), Fr. 9-3 (1.85g), Fr. 9-4 (246.3 mg), Fr. 9-5
(61.6 mg), and Fr. 9-6 (360.2 mg)]. Fraction 9-1 (344.4 mg) was
subjected to HPLC [MeOH-1% aqueous AcOH (15:85, v/v)] to give
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Fig. 4. Selected "H-"H COSY, HMBC, and NOESY correlations of 6.

Table 6
Inhibitory effects of the methanol extract, its fractions, and constituents on p-GalN-i

nduced cytotoxicity in primary cultured mouse hepatocytes.

Inhibition (%)

0 pg/mL 3 pug/mL 10 pg/mL 30 pug/mL 100 pg/mL ICsp (pg/mL)
MeOH extract 0.0+2.4 45211 6.2£2.1 53%3.1 16.22.4°
EtOAc-soluble fraction 0.0+6.6 36.8 +6.4° 69.7 £ 6.0° 933+4.2° 91.9+5.6° 4911
MeOH-eluted fraction 0020 93+15° 19.4+1.9° 25.6+1.7° 51.62.6° 95.1+7.7
H,0-eluted fraction 00213 22421 -108+9.6 -9.2£7.0 ~33£104

Inhibition (%)
0pM 3uM 10 M 30 uM 100 pM ICso (LM)

Potentillanoside A (1) 00+3.7 18.5+2.0° 25.0+1.9° 385+33° 65.68.6" 46.7+9.0
Potentillanoside D (4) 00+0.6 0112 -0.2+0.7 -0.9+06 -02+0.5
Potentillanoside E (5) 0.0+1.2 33405 55%1.0 6.9%0.6 14.641.5°
Pomolic acid (7) 00+24 22+4.1 ~-434+1.2° - =<
28-0-Gle pomolic acid (8) 00£25 323£21° 523£23° 66.2+3.7° < 95+1.3
Tormentic acid (9) 00x0.7 92£35 26+1.6 2707 -58+1.3
Rosamutin (10) 00£15 15.8 +0.6° 21.91.7° 42.4+47° 95323.3% 355+£98
Euscaphic acid (11) 0.0+33 154235 110428 5921 38110
Kaji-ichigoside F1 (12) 00£3.3 39.1+24° 453+ 1.0° 56.9 +3.8° 51.1+10.0° 14.1+£2.6
13 00+1.7 -43%5.1 —12.0+34 ~11.3%05 ~72+44
2-Oxopomolic acid 28-0-Glc (15) 00209 1.6207 40108 7110 19.1 £2.5°
2a-Hydroxyursolic acid (16) 0.0+2.0 14329 11.7£4.0 =< =<
Cecropiacic acid (17) 0.0+1.1 —-05%1.6 09+1.9 55%1.2 19.3 +2.6"
Maslinic acid (18) 00+0.6 -9.2232 -13.743.0 -93%2.0 =
24-Deoxy-sericoside (19) 0.0+3.0 1112112 245+0.7° 252420 15.621.5°
Gallic acid 0.0£12 108+ 1.8 14.2£2.8° 26.05.6° 359+75°
Gallic acid methyl ester 00£0.5 58205 142+1.3° 33.1+1.7° 65.8 +4.1° 53.7+7.1
Ellagic acid 00205 6007 7.840.4 6.0%1.1 147+14°
Ellagic acid 4-0-Ara(f) 0.021.1 5214 69202 8412 16.213.3
(+)-Catechin 00226 14.1£2.8° 349+1.3° 66.66.2° 104.8 +1.2° 17.7£1.1
(+)-Gallocatechin 0.0£32 183£4.3% 26.7£4.3° 76.2£2.9° 99.0 £4.0° 18404
(+)-Catechin 7-0-Glc 0.0+46 13.0228 19.1+25° 342+ 4.0° 64.524.3° 554+56
Quercetin 3-0-GlcA 0.0+5.6 172458 348 +56° 46.7£2.0° 63.1+14° 34.2:88
Quercatin 3-0-Xyl(1 — 2)Glc 00£18 04%38 7.642.0 13.9£4.3% 322:21°
6-0-p-Coumaroylsucrose 0.0+10.6 1165 63+64 121£7.6 17.3x49
6-0-Feruloylsucros 0004 2.8+09 45+1.1 10.9£0.5° 26.142.4°
Silybin? . 0.0£03 48+1.1 7.7£0.7 452 +8.8° 77.0£55° 388146

Each value represents the mean + SSEM. (N=4).
Significantly different from the control.

3 p<0.05.

b p<0.01.

¢ Cytotoxic effects were observed.

4 Commercial silybin was purchased from Funakoshi Co., Ltd. (Tokyo, Japan) (Morikawa et al., 2010a).

gallic acid (23.9 mg, 0.00032%), gallic acid methyl ester (5.5 mg,
0.00007%), (+)-catechin (6.3 mg, 0.00008%), and (+)-gallocatechin
(81.7 mg, 0.00110%). Fraction 9-3 (530.0 mg) was subjected to
HPLC [MeOH-1% aqueous AcOH (55:45, v/v)] to give potentillano-
sides A (1, 273.9 mg, 0.01282%) and B (2, 14.3 mg, 0.00067%), 10
(46.1 mg, 0.00216%) and 12 (57.0 mg, 0.00267%). Fraction 9-4
(246.3 mg) was subjected to HPLC [MeOH-1% aqueous AcOH
(60:40, v/v)] to give potentillanoside C (3, 3.8 mg, 0.00005%),
28-0-p-p-glucopyranosyl pomolic acid (8, 24.6 mg, 0.00033%), 10

(115.8 mg, 0.00155%), and 19 (14.6 mg, 0.00020%). Fraction 9-5
(61.6 mg) was subjected to HPLC [Cosmosil 5C;g-MS-II, MeOH-1%
aqueous AcOH (70:30, v/v)] to give 10 (9.2 mg, 0.00012%) and 12
(10.8 mg, 0.00014%). Fraction 10 (8.00 g) was subjected to re-
versed-phase ODS CC [240g, MeOH-H,0 (50:50 — 60:40
— 80:20, v/v) > MeOH] to give seven fractions [Fr. 10-1
(967.4 mg), Fr. 10-2 (233.0mg), Fr. 10-3 (195.8 mg), Fr. 10-4
(22.7mg), Fr. 10-5 (5.97 g), Fr. 10-6 (308.1 mg), and Fr. 10-7
(191.1 mg)]. Fraction 10-3 (195.8 mg) was subjected to HPLC
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Table 7

Inhibitory effects of the methanol extract, its fractions, and constituents on LPS-activated NO production in mouse peritoneal macrophages.

Inhibition (%)

0 pg/mL 3 pg/mL 10 pg/mL 30 pg/mL 100 pg/mL 1Csg (pg/mL)
MeOH extract 0023 9.7+25 75%29 11235 14.9+2.8°
EtOAc-soluble fraction 00+£33 40+£1.1 114+5.7 11.2%55 58.2 £4.3° 70.1£3.8
MeOH-eluted fraction 00+64 103+73 32.6+47° 32.52£3.2° 41.4+44°
H,0-eluted fraction 0.0+4.2 97453 -12.0+13.0 -256%19.3 -0.1x43

Inhibition (%)
0 uM 3uM 10 M 30 pM 100 uM ICsp (UM)

Potentillanoside A (1) 0.0+3.1 25+32 09+28 5.1%£2.6 62+1.1
Potentillanoside D (4) 00+3.0 -15%16 1.2+14 1427 122+2.1
Potentillanoside E (5) 0.0+4.1 36+16 47%38 8.2+0.6 17.6 £2.0°
Pomolic acid (7) 0.0+3.0 2910.6 13.0+2.0° 45.2+2.2° 83.9+ 1.6 331420
28-0-Glc pomolic acid (8) 0025 05+6.6 -22+49 13109 55.3 £2.4" 91.9+28
Tormentic acid (9) 00+29 1.0£1.6 19453 17.1£1.6° 82.7+0.30¢ 68.4+2.2
Rosamutin (10) 0.0£3.2 -13+2.0 -3.1+33 -7.7+3.0 -0.1+£0.9
Euscaphic acid (11) 0.0+£4.0 ~32%35 6422 ~40+34 17.9+0.8°
Kaji-ichigoside F1 (12) 0.0+4.7 -05+08 21+21 0815 87+2.6
13 0.0+£2.2 36+1.0 44+£13 9.6£1.1 26.1£05°
2-Oxopomolic acid 28-0-Glc (15) 0025 05+2.2 45£19 34428 10.9£0.7°
2a-Hydroxyursolic acid (16) 0.0+0.6 75+04 -3.8+18 51.8£0.9° 91.3+1.1%¢ 21.1£3.0
Cecropiacic acid (17) 0.0+£3.1 -05+29 —2.6+£32 4.5+3.1 21.0+2.4°
Maslinic acid (18) 0.0+6.2 -6.4+3.0 25+£79 51.6 25" 100.0 +1.15¢ 30.1+2.7
24-Deoxy-sericoside (19) 0.0+5.0 100+104 89+19 79+34 153£0.9°
Gallic acid 0.0£25 ~-14%1.2 ~8.0%2.0 -42%25 17.1£2.4°
Gallic acid methyl ester 00£2.7 -15£39 32%22 12.8+2.7% 31.0£1.6°
Ellagic acid 00+2.7 6.5£2.0 1523 -67+17 8525
Ellagic acid 4-0-Ara(f) 0.0+29 3.6+2.8 3622 1908 11.0+14%
Ducheside B 0.0£27 1718 -3.0x18 0.8+3.0 03%16
(+)-Catechin 0.0+3.0 —~59+32 --36+14 -03+04 6.7+1.6
(+)-Gallocatechin 0.0£29 04+33 04+19 04+22 133£09°
(+)-Catechin 7-0-Glc 00%29 58%13 46+19 1807 45%13
Quercetin 3-0-GlcA 0.0+04 35%24 33%2.1 0420 73+29
Quercatin 3-0-Xyl(1 — 2)Glc 0025 20£1.0 03%24 24£28 7415
6-0-p-Coumaroylsucrose 00x20 4622 6.1£23 79%1.7 73£23 -
6-0-Feruloylsucrose 0.0%3.1 -09+4.0 40+19 47+22 9.0+0.6
-NMMA? 0.0£3.1 1428 19.922.8° 43.0x2.1° 709 £1.6° 36.0%2.9
CAPE® 0.0+2.1 59£52 444£3.2° 862+1.1° 99.6+0.1°¢ 11.0£2.1

Each value represents the mean + S.EM. (N=4).
Significantly different from the control.

¢ p<0.05.

b p<001.

¢ Cytotoxic effects were observed.

4 Commercial .-NMMA and CAPE were purchased from Sigma-Aldrich Chemical (St. Louis, MO, USA) (Morikawa et al., 2011).

[MeOH-1% aqueous AcOH (35:65, v/v)] to give ellagic acid
(21.3 mg, 0.00029%). Fraction 10-5 (125.0 mg) was subjected to
HPLC [MeOH-1% aqueous AcOH (55:45, v/v)] to give 10 (79.8 mg,
0.05114%), 12 (5.9 mg, 0.00378%), and 19 (15.4 mg, 0.00987%).
The MeOH-eluted fraction (55.0 g) was subjected to normal-
phase silica gel CC [2.0kg, CHCl3-MeOH-H,O (15:3:03 —
10:3:04 - 6:4:1 — 5:5:1, v/v/v) - MeOH] to give eight fractions
[Fr. 1 (2044 g), Fr. 2 (8.47g), Fr. 3 (2.21¢g), Fr. 4 (4.05¢g), Fr. 5
(349 g), Fr. 6 (5.49 g), Fr. 7 (3.11 g), and Fr. 8 (2.53 g)]. Fraction 1
(20.44 g) was subjected to reversed-phase ODS CC [620 g, MeOH-~
H,0 (60:40 — 70:30 — 75:25 — 90:10, v/v) - MeOH — acetone]
to give 10 fractions [Fr. 1-1 (300.2 mg), Fr. 1-2 (104.9 mg), Fr. 1-3
(552.2 mg), Fr. 1-4 (118.8mg), Fr. 1-5 (737.4mg), Fr. 1-6
(492.1 mg), Fr. 1-7 (3.03 g), Fr. 1-8 (6.31 g), Fr. 1-9 (3.84 g), and
Fr. 1-10 (2.14 g)]. Fraction 1-2 (104.9 mg) was subjected to HPLC
[MeOH-1% aqueous AcOH (55:45, v/v)] to give potentillanoside D
(4, 28.8 mg, 0.00038%). Fraction 1-3 (552.2 mg) was subjected to
HPLC [MeOH-1% aqueous AcOH (60:40, v/v)] to give potentillano-
side E (5, 44.6 mg, 0.00059%), 10 (216.5 mg, 0.00287%), 2-oxopom-
olic acid 28-0-p-p-glucopyranosyl ester (15, 36.8 mg, 0.00049%),
and 17 (22.3 mg, 0.00030%). Fraction 1-4 (118.8 mg) was subjected
to HPLC [MeOH-1% aqueous AcOH (60:40, v/v)] to give 4 (5.9 mg,

0.00008%). Fraction 1-5 (737.4 mg) was recrystalized with MeOH
to give 9 (553.2 mg, 0.00734%). Fraction 1-6 (492.1 mg) was sub-
jected to HPLC [MeOH-1% aqueous AcOH (80:20, v/v)] to give 7
(141.3 mg, 0.00188%). Fraction 2 (8.47 g) was separated by re-
versed-phase ODS CC [255g, MeOH-H,O (10:90 - 30:70
— 40:60 — 50:50 — 60:40, v/v) - MeOH — acetone] to give eight
fractions [Fr. 2-1 (379.5mg), Fr. 2-2 (581.0mg), Fr. 2-3
(376.5mg), Fr. 2-4 (123.6mg), Fr. 2-5 (331.3mg), Fr. 2-6
(204.5 mg), Fr. 2-7 (3.37g), and Fr. 2-8 (2.21 g)}. Fraction 2-3
(376.5 mg) was subjected to HPLC [MeOH-1% aqueous AcOH
(20:80, v/v)] to give ducheside B (75.0 mg, 0.00100%). Fraction 2-
5 (331.3 mg) was subjected to HPLC [MeOH-1% aqueous AcOH
(50:50, v/v)] to give 5 (58.4 mg, 0.00077%) and arjunglucoside I
(20, 7.6 mg, 0.00010%). Fraction 2-6 (204.5 mg) was subjected to
HPLC [MeOH-1% aqueous AcOH (55:45, v/v)] to give 5 (9.4 mg,
0.00012%), 10 (57.0 mg, 0.00076%), and 19 (11.4 mg, 0.00015%).
Fraction 3 (2.21g) was separated by reversed-phase ODS CC
[70g, MeOH-H,0 (10:90 — 30:70 — 40:60 — 60:40 — 90:10, v/
v) —» MeOH - acetone] to give eight fractions [Fr. 3-1 (230.4 mg),
Fr. 3-2 (252.7 mg), Fr. 3-3 (42.4 mg), Fr. 3-4 (82.1 mg), Fr. 3-5
(114.0 mg), Fr. 3-6 (159.3 mg), Fr. 3-7 (381.1 mg), and Fr. 3-8
(268.7 mg)]. Fraction 3-1 (2304 mg) was subjected to HPLC
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Table 8
Inhibitory effects of the methanol extract, its fractions, and constituents on TNF-a~induced cytotoxicity in L929 cells.
Inhibition (%)
0 pg/mL 3 pg/mL 10 pg/mL 30 pg/mL 100 pg/mL ICsp (g/mL)
MeOH extract 00+14 9713 5421 3610 27%20
EtOAc-soluble fraction 0009 4.1+06 6.7+2.8 583 218" 59.0+2.6° 30833
MeOH-eluted fraction 0018 94+18 9.3+20 16.5+1.3" 33.8233°
H,0-eluted fraction 0.0+14 29+1.0 29+13 2311 0.2+0.7
Inhibition (%)
0puM 3uM 10 pM 30 puM 100 uM 1Cso (M)
Potentillanoside A (1) 0.0+£0.2 29+1.6 3004 59+2.0 12.9+14°
Potentillanoside D (4) 00£1.0 1.0+04 13+0.2 20%03 3.0£0.7
Potentillanoside E (5) 0007 2.0£09 03x03 1.8+£03 34:04
Pomolic acid (7) 0.0+0.6 05+1.7 -99+04 -11.3+x04 -10.7%05
28-0-Glc pomolic acid (8) 00+1.1 4.8%2.0 12.8+04° 61.922.3° 13.1£2.7° 255+1.6
Tormentic acid (9) 0004 1.1£0.2 22104 4.8+0.7 -3.8+£06
Rosamutin (10) 0.0+09 08+1.2 18+13 2010 7213
Euscaphic acid (11) 0.0£05 06+0.7 6513 8217 129+1.2°
Kaji-ichigoside F1 (12) 0.0£0.3 1.3+£0.5 1704 2316 7111
13 0.0x1.1 21£07 38+12 56+1.0 143+1.8°
2-Oxopomolic acid 28-0-Glc (15) 0005 2405 1.9+0.6 2706 41x05
20-Hydroxyursolic acid (16) 00£03 05+08 39+13 -7.6+04 -8.0+05
Cecropiacic acid (17) 00%0.7 1.1%£06 0.7+04 2209 53+04
Maslinic acid (18) 00+05 19%1.0 3106 10725 ~8.6£0.1
24-Deoxy-sericoside (19) 00+13 -1.0£09 3.7+£07 3.1x£09 59+14
Gallic acid 0.0+£0.9 21+1.4 0.2+1.6 2805 ~85+0.1
Gallic acid methyl ester 00+1.4 —0.2+09 3.1+14 14.8 £2.0° 17.1£1.1°
Ellagic acid 0003 11202 13.7£1.5° 21.8+2.7° 6.7%0.3
Ellagic acid 4-0-Ara(f) 00£02 21405 2004 20+04 0.1£08
Ducheside B 0.0£0.2 1.8+0.5 0.9+06 2.5%09 2108
(+)-Catechin 0.0x1.1 2.1£05 34+04 46+0.9 13.4+1.9°
(+)-Gallocatechin 0.0+1.1 1.7+£09 2611 113+24 ~6.9£0.1
(+)-Catechin 7-0-Glc 0.0£0.5 3.6+£0.9 4.4+0.6 6.9%08 102 +0.7°
Quercetin 3-0-GlcA 0013 0.8%0.6 ~02+09 06+1.2 285+35°
Quercatin 3-0-Xyl(1 — 2)Glc 0.0+0.6 0.0£1.2 3.7£05 29+07 4.0+0.6
6-0-p-Coumaroylsucrose 0004 25%05 26%16 3505 1.8+0.5
6-O-Feruloylsucrose 00£06 26+1.0 22+04 2605 2603
Silybin® 0.0+2.6 53+2.8 22.0+3.8" 48.0:4.1° 50.8£3.9° 604 +3.8
Each value represents the mean + S.EM. (N=4).
Significantly different from the control.
2 p<0.05.
® p<0.01.
¢ Commercial silybin was purchased from Funakoshi Co., Ltd. (Tokyo, Japan) (Morikawa et al., 2010a).
[MeOH-1% aqueous AcOH (5:95, v/v)] to give (+)-gallocatechin 3-0-g-p-glucuronopyranosiduronic  acid (13.7 mg, 0.00018%).

(24.0 mg, 0.00032%). Fraction 4 (4.05g) was subjected to re-
versed-phase ODS CC [125g MeOH-H,0 (20:80 — 30:70
— 40:60 — 60:40 — 95:5, v/v) —» MeOH — acetone] to give seven
fractions [Fr. 4-1 (238.5 mg), Fr. 4-2 (334.3 mg), Fr. 4-3 [= L-trypto-
phan (1.17 g, 0.0155%)], Fr. 4-4 (295.6 mg), Fr. 4-5 (334.9 mg), Fr.
4-6 (128.6 mg), and Fr. 4-7 (1.30g)]. Fraction 4-4 (295.6 mg)
was subjected to HPLC [MeOH-1% aqueous AcOH (20:80, v/v)] to
give 6-0-p-coumaroylsucrose (50.6 mg, 0.00067%) and 6-O-ferulo-
ylsucrose (8.2mg, 0.00011%). Fraction 4-5 (334.9mg) was
subjected to HPLC [MeOH-1% aqueous AcOH (30:70, v/v)] to give
quercetin 3-O-sambubioside (11.0 mg, 0.00015%). Fraction 4-6
(128.6 mg) was subjected to HPLC [MeOH-1% aqueous AcOH
(30:70, v/v)] to give potentillanoside F (6, 18.3 mg, 0.00024%) and
ellagic acid 4-0-u-i-arabinofuranoside (22.6 mg, 0.00030%). Frac-
tion 5 (3.49 g) was separated by reversed-phase ODS CC {110 g,
MeOH-H0 (5:95 — 20:80 — 50:50 — 80:20, v/v) —» MeOH — ace-
tone] to give eight fractions [Fr. 5-1 (210.8 mg), Fr. 5-2 (223.7 mg),
Fr. 5-3 (523.8 mg), Fr. 5-4 (358.5 mg), Fr. 5-5 (275.2 mg), Fr. 5-6
(345.4 mg), Fr. 5-7 (402.2 mg), and Fr. 5-8 (448.5 mg)]. Fraction
5-3 (523.8 mg) was subjected to HPLC [MeOH-1% aqueous AcOH
(5:95, v/v)] to give (+)-catechin 7-O-g-p-glucopyranoside
(114.3 mg, 0.00152%). Fraction 5-4 (358.5 mg) was subjected to
HPLC [MeOH-1% aqueous AcOH (30:70, v/v)] to give ellagic acid
4-O-o-1-arabinofuranoside (10.4 mg, 0.00014%) and quercetin

Fraction 5-5 (275.2 mg) was subjected to HPLC [MeOH-1% aqueous
AcOH (30:70, v/v)] to give 6 (10.4mg, 0.00014%), ellagic acid
(24.3mg, 0.00032%), ellagic acid 4-O-o-L-arabinofuranoside
(145mg, 0.00019%), and quercetin 3-0-p-p-xylopyranosyl-
(1 - 2)-p-p-glucopyranoside-3’-0-B-p-glucopyranoside  (10.5 mg,
0.00014%). Fraction 6 (5.49g) was separated by reversed-
phase ODS CC [180g, MeOH-H,0 (10:90 — 30:70 — 50:50, v/
v) - MeOH — acetone]| to give seven fractions [Fr. 6-1 {2.36g),
Fr. 6-2 (490.0 mg), Fr. 6-3 (757.1 mg), Fr. 6-4 (409.5 mg), Fr. 6-5
(155.0 mg), Fr. 6-6 (1.03 g), and Fr. 6-7 (423.0 mg)]. Fraction 6-3
(500.0 mg) was subjected to HPLC [MeOH-1% aqueous AcOH
(35:65, v/v)] to give ellagic acid 4-O-o-i-arabinofuranoside
(9.4 mg, 0.00019%). Fraction 6-4 (409.5 mg) was subjected to HPLC
[MeOH-1% aqueous AcOH (30:70, v/v)] to give ellagic acid
(10.0 mg, 0.00013%), and ellagic acid 4-0O-o-L-arabinofuranoside

(14.0 mg, 0.00019%). Fraction 6-5 (155.0 mg) was subjected to

HPLC [MeOH-1% aqueous AcOH (35:65, v/v)] to give 6 (6.8 mg,
0.00009%), ellagic acid (5.0mg, 0.00007%), and ellagic acid
4-0-o-1-arabinofuranoside (4.7 mg, 0.00006%).

Potentillanoside A (1 = 2¢,190-dihydroxy-3-oxours-12-en-28-oic acid
28-0-p-p-glucopyranosyl ester)

Amorphous powder, [0]2° +20.4 (¢ 1.14, MeOH); IR (KBI) #nax -
cm™': 3470, 1725, 1686, 1655, 1073; For 'H and '3C NMR spectro-
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Table 9
Inhibitory effects of potentillanoside A (1), pomolic acid (7), tormentic acid (9), rosamutin (10), and kaji-ichigoside F1 (12) on p-GalN/LPS-induced liver injuries in mice.
Treatment - Dose (mg/kg, p.o.) n SAST SALT
(Karmen Unit) Inhibition (%) (Karmen Unit) Inhibition (%)
Normal (vehicle) - 8 107 £9° - 20+2° -
Control (p-GalN/LPS) - 14 12579 £1795 - 7118 1077 -
Potentillanoside A (1) 50 7 5670 +1817° 55.0 3137+ 1106° 56.8
100 8 2931 £959° 76.8 1618 + 568" 784
Rosamutin (10) 50 6 9821 £ 2097 22.0 5434 + 1163 240
100 8 4386 +1339° 65.2 2134 + 684° 71.1
Control (p-GalN/LPS) - 12 10236 + 1360 - 5595 +760 -
Pomolic acid (7) 50 7 6593 + 1470 36.0 3998 + 750 28.6
100 8 6443 + 1976 374 4338 £ 1477 225
Tormentic acid (9) 50 6 8505 +3212 17.1 5869 + 2348 -4.9
100 6 9733 £1710 5.0 5702 + 1043 -19
Kaji-ichigoside F1 (12) 50 7 7365 £ 2434 283 4412+ 1399 212
100 8 4191 + 6812 59.7 2408 + 449° 57.2
Control (p-GaIN/LPS) - 10 6605 = 1985 - 6033 + 1647 -
Curcumin® 125 10 5024 + 1189 240 4770£1218 211
25 10 3253 £ 981 50.9 3177 £979 47.8
50 9 1916 + 4832 71.2 2220 £ 563° 63.8

Each value represents the mean # S.EM.
Significantly different from the control.
2 p<0.05.
> p<0.01.
¢ Morikawa et al. (2002).

scopic data, see Tables 2 and 3; Positive-ion FABMS m/z: 671
[M+Na]*; HRFABMS m/z: 671.3767 [M+Na]* (calcd for CagHs010-
Na, 671.3771).

Potentillanoside B (2 = 3u,190-dihydroxy-2-oxours-12-en-28-oic acid
28-0-p-p-glucopyranosyl ester)

Amorphous powder, [¢]3'+29.8 (c 0.62, MeOH); IR (KBr)
Umax CM7': 3470, 1719, 1686, 1655, 1075; For 'H and '3C NMR
spectroscopic data, see Tables 2 and 3; Positive-ion FABMS m/z:
671 [M+Na]"; HRFABMS m/z: 671.3764 [M+Na]* (calcd for C3gHse.
010Na, 671.3771).

Potentillanoside C (3 = 20,33,19a-trihydroxyurs-12-en-28-oic acid
28-0-6-0-acetyl-p-p-glucopyranosyl ester)

Amorphous powder, [o]3' +12.8 (¢ 0.13, MeOH); IR (KBr)
Umax CM': 3470, 1721, 1686, 1655, 1076; For 'H and '*C NMR
spectroscopic data, see Tables 2 and 3; Positive-ion FABMS m/z:
715 [M+Na]*; HRFABMS m/z: 715.4042 [M+Na]* (calcd for Csg
HGDOHNa, 7154033)

Potentillanoside D (4 = 190-hydroxy-2,3-secours-12-en-2,3,28-trioic
acid 28-0-B-p-glucopyranosy! ester)

Amorphous powder, [0]Z +22.6 (c 0.15, MeOH); IR (KBr) tnax
cm™': 3470, 1725, 1655, 1075; 'H and *C NMR spectroscopic data,
see Tables 2 and 3; Positive-ion FABMS m/z: 703 [M+Na]*; HRFABMS
mjz: 703.3676 [M+Na]* (calcd for C3gHs6012Na, 703.3669).

Potentillanoside E (5 = 190~hydroxy-2,3-secours-12-en-2,3,28-trioic
acid 3-methyl-28-0-p-p-glucopyranosy! ester)

Amorphous powder, [0]2° +22.2 (¢ 0.13, MeOH); IR (KBr) #max
cm™: 3470, 1720, 1655, 1075; For 'H and 3C NMR spectroscopic
data, see Tables 2 and 3; Positive-ion FABMS mj/z: 717 [M+Na]*;
HRFABMS mjfz: 717.3822 [M+Na]* (caled for Cs7HsgO12Na,
717.3826).

Potentillanoside F (6 = 20,38,30-trihydroxy-olean-13-en-28-oic acid
28-0-B-p-glucopyranosyl ester)

Amorphous powder, [0 +46.9 (¢ 0.10, MeOH); IR (KBI) max
cm™: 3400, 1725, 1655, 1073; 'H and '*C NMR spectroscopic data,

see Tables 2 and 3; Positive-ion FABMS m/z: 689 [M+Na]";
HRFABMS m/z: 689.3877 [M+Na|* (calcd for CsgHssO11Na,
689.3883).

NaBH, Reduction of potentillanosides A (1) and B (2)

To a solution of 1 (9.5 mg) in MeOH (1.0 mL) was added NaBH4
(0.6 mg) and the mixture was stirred at 0 °C for 1 h. The reaction
was quenched with acetone, and following removal of the solvent
under reduced pressure gave a residue, which was purified by
HPLC [Cosmosil 5C;g-MS-1I, MeOH-1% aqueous AcOH (60:40, v/
v)] to give rosamutin (10, 6.5 mg, 68.2%) and kaji-ichigoside F1
(12, 3.0 mg, 31.5%). In a similar manner, 12 (2.0 mg, 50.0%) and
its 2-epimer (0.8 mg, 19.9%) were obtained from 2 (4.0 mg) using
NaBH,4 (0.3 mg).

Acid hydrolysis of potentillanosides A (1), B (2), D (4), and F (6)

A solution of either 1, 2, 4 or 6 (each 2.0 mg) in 5% aqueous
H,S04-1,4-dioxane (1:1, v/v, 1.0 mL) was heated at 80 °C for 3 h.
After being cooled, the reaction mixture was neutralized with
Amberlite IRA-400 (OH™ form) and the resins were filtered. In each
case removal of the solvent under reduced pressure gave a residue,
which was partitioned in an EtOAc-H,0 (1:1, v/v) mixture to give
an EtOAc-soluble fraction and an aqueous phase. The aqueous layer
was subjected to HPLC analysis under following conditions:
column, Kaseisorb LC NH,-60-5, 4.6 mm i.d. x 250 mm (Tokyo Ka-
sei Co., Ltd., Tokyo, Japan); detection, optical rotation [Shodex OR-2
(Showa Denko Co., Ltd., Tokyo, Japan); mobile phase, CH3CN-H,0
(80:20, v/v); flow rate 1.0 mL/min]. Identification of p-glucose
present in the aqueous layer was carried out by comparing the
retention time and the optical rotation with the standard [tx:
18.7 min (positive optical rotation)].

Deacetylation of potentillanoside C (3)

Solution of 3 (2.3 mg) in 0.5% NaOMe-MeOH (1.5 mL) was stir-
red at room temperature for 1 h. The reaction mixture was neutral-
ized with Dowex HCR-W2 (H* form) and the resins were removed
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by filtration. Evaporation of the solvent from the filtrate under re-
duced pressure gave a residue, which was purified by HPLC [Cos-
mosil 5C;g-MS-II, MeOH-1% aqueous AcOH (60:40, v/v)] to give
10 (2.1 mg, 97.2%).

Alkaline hydrolysis of potentillanoside D (4)

A mixture of 4 (6.8 mg), 1,4-dioxane (1.0 mL) and 5% aqueous
KOH (1.0 mL) was stirred at 80 °C for 1 h. After being cooled, the
reaction mixture was neutralized with Dowex HCR W2 (H* form),
and the resins were removed by filtration. Removal of the solvent
under reduced pressure gave a residue, which was partitioned in
an EtOAc-H0 (1:1, v/v) mixture to give an EtOAc-soluble fraction
and an aqueous phase. The EtOAc-soluble fraction was subjected to
HPLC [Cosmosil 5C;g-MS-1I, MeOH-1% aqueous AcOH (70:30, v/v)]
to give cecropiacic acid (17, 5.1 mg, 98.5%).

Methylation of potentillanosides D (4) and E (5) with TMSCHN,

A solution of 4 (3.3mg) and trimethylsilyldiazomethane
(TMSCHN,, 10% in hexane, ca. 0.2 mL) in MeOH (0.5 mL) was stir-
red at room temperature for 1 h. Removal of the solvent under re-
duced pressure gave 4a (3.1 mg, 90.2%). In a similar manner, 5
(3.3 mg) wad derived to 4a (2.8 mg, 81.5%).

Compound 4a

An amorphous powder, []3' + 7.2 (c 0.32, MeOH); for H and 3C
NMR spectroscopic data, see Tables 2 and 3; Positive-ion FABMS m/
z: 731 [M+Na]*; HRFABMS mj/z: 731.3979 [M+Na]" (calcd for Czg.
HeoolzNa, 7313982)

Bioassay

Reagents

LPS (from Salmonella enteritidis), minimum essential medium
(MEM), and William’s E medium were purchased from Sigma-Al-
drich Chemical (St. Louis, MO, USA); fetal bovine serum (FBS)
was from Life Technologies (Rockville, MD, USA); and other chem-
icals were from Wako Pure Chemical Industries, Co., Ltd. (Osaka, Ja-
pan). 96-Well microplates were purchased from Sumitomo
Bakelite Co., Ltd. (Tokyo, Japan).

Animals

Male ddY mice were purchased from Kiwa Laboratory Animal
Co., Ltd., (Wakayama, Japan). The animals were housed at a con-
stant temperature of 23 + 2 °C and were fed a standard laboratory
chow (MF, Oriental Yeast Co., Ltd., Tokyo, Japan). All the experi-
ments were performed with conscious mice unless otherwise
noted. The experimental protocol was approved by the Experimen-
tal Animal Research Committee of Kinki University.

Effects on p-GalN/LPS-induced liver injuries in mice

The method described by Tiegs et al. was modified and used for
this study (Tiegs et al., 1989). Briefly, male ddY mice weighing about
25-30 g were fasted for 20 h before the experiment. p-GalN (350 mg/
kg) and LPS (10 pg/kg) dissolved in saline were injected intraperito-
neally to produce liver injuries. Each test sample was given orally
1 h before the p-GalN/LPS injection. Blood samples were collected
from the infraorbital venous plexus 10 h after p-GalN/LPS injection.
sAST and sALT levels were determined using Transaminase CII Test
Wako (Wako Pure Chemical Industries, Co., Ltd.). Hydrocortisone
was used as a reference compound. Test samples were suspended
with 5% arabic gum solution, and the suspension was administered
orally at 10 mL/kg in each experiment, while the vehicle was given or-
ally at 10 mL/kg in the corresponding control group.

Effects on cytotoxicity induced by p-GalN in primary cultured mouse
hepatocytes

The hepatoprotective effects of the constituents were deter-
mined by the 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazoli-
um bromide (MTT) colorimetric assay using primary cultured
mouse hepatocytes (Matsuda et al, 2009; Morikawa et al,
2010a). Hepatocytes were isolated from male ddY mice (30-35 g)
by a collagenase perfusion method. A cell suspension at 4 x 10*
cells in 100 uL William’s E medium containing FBS (10%), penicillin
G (100 units/mL), and streptomycin (100 pg/mL) was inoculated in
a 96-well microplate and pre-incubated for 4 h at 37 °C under 5%
CO, atmosphere. After pre-incubation, 100 pL of fresh medium con-
taining p-GalN (2 mM) with or without the test sample was added
to the medium. After 44 h incubation, the medium was exchanged
with 100 pL of fresh medium, and 10 pL of MTT [5 mg/mL in phos-
phate buffered saline (PBS(-))] solution was added to the medium.
After 4 h incubation, the medium was removed, and 100 pL of iso-
propanol containing 0.04 M HCl was added to dissolve formazan
produced in the cells. The optical density (O.D.) of the formazan
solution was measured by microplate reader at 570 nm (reference:
655 nm). Inhibition (%) was obtained by following formula.

Inhibition (%) = [(0.D.(sample) — O.D.(control))/(0.D.(normal)
— 0.D.(control))] x 100

Effects on production of NO in LPS-activated mouse peritoneal
macrophages

Screening tests for NO production using TGC-induced mouse
peritoneal macrophages were performed as described previously
(Matsuda et al., 2009). Briefly, peritoneal exudate cells were col-
lected from the peritoneal cavities (100 uL) of male ddY mice
and were suspended in RPMI 1640 supplemented with 10% FBS,
penicillin G (100 units/mL) and streptomycin (100 pg/mL), and
pre-cultured in 96-well microplates (5 x 105 cellsjwell) at 37 °C
in 5% CO, in air for 1 h. Nonadherent cells were removed by wash-
ing with PBS(-), and the adherent cells (10 pg/mL) were cultured in
200 uL of a fresh medium containing LPS and various concentra-
tions of test compounds for 20 h. NO productions in each well were
assessed by measuring the accumulation of nitrite (NO3) in the cul-
ture medium using Griess reagent. Cytotoxicity was determined by
the MTT colorimetric assay, after 20 h incubation with test com-
pounds. Each test compound was dissolved in DMSO, and the solu-
tion was added to the medium (final DMSO concentration was
0.5%). NS-Monomethyl-i-arginine (1-NMMA) and caffeic acid
phenetyl ester (CAPE) were used as reference compounds. Inhibi-
tion (%) was calculated using the following formula (N = 4).

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

A-C: NO3 concentration (iM) [A: LPS (+), sample (-); B: LPS (+),
sample (+); C: LPS (=), sample (-)].

Inhibitory effects against TNF-o-induced cell death in 1929 cells

1929 cells (RIKEN) were maintained in a Minimum Essential
‘Medium Eagle (MEM, Sigma-Aldrich) containing 10% FBS, 1%
MEM Non-Essential Amino acids (Invitrogen), penicillin G
(100 units/mL), and streptomycin (100 pg/mL) at 37 °C under 5%
CO, atmosphere. Cells were inoculated in a 96-well tissue culture
plate [5 x 10° cells/well in 100 pL/well in MEM]. After 20 h incuba-
tion, 100 mL/well of medium containing TNF-« (2 ng/mL) and a
test sample. After 44 h incubation, viability of the cells was as-
sessed by the MTT colorimetric assay (vide ante) (Matsuda et al.,,
2009; Morikawa et al., 2010a). Each test compound was dissolved
in DMSO, and the solution was added to the medium (final concen-
tration in DMSO 0.5%).
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Statistics

Values are expressed as means = S.E.M. One-way analysis of
variance (ANOVA) followed by Dunnett’s test was used for statisti-
cal analysis. Probability (p) values less than 0.05 were considered
significant.
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(BIIA% 1)
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WEORE
RERBIZOWNT
BERIEIZONT
EEERIZOWT
ZEERBRIZOWT
WX - 537 - fRE - HEE
= AT = EIRER O E
FHERETE

© N o ov ok W Do

1. MFEORE

ARNICEET S BMEEZFE LZER L LTI Tl L WA EnEMagE (F
BERHESS) ICN 2 T 8 LWAEEER & U CHIEREHE (mesenchymal stem cells; MSC)
BHEREORENED bho>ob 5, BH MSC 2 A ENEEMRRI BT 5 RN D,
B MSC IXFRERNEHK THHE. E. BIITMA T, SMEZESRER TH 2R
FRICHOETE DLEERME S LCOMEERRFOTRES R I, S DICEL OFR
ST, MEFERTZHH L TREZIFIRICHIE Lo oHBEELHET 5 2 LA
BNCENTWD, I OERMIEAEREZEICL T, ODHFEE, HEE, FHREESE
A% ERIG (GVHD) IR L BEICRT 2 BRE IIME F Bk E MSC 0%
HERFENED ONTEBY . EOEMMENFREN>2H 5,

LU G, B MSC A2 ERKT 57-0121X GMP V-V TOMEEERZHRIET 5
RERDERRFEILETDHY . RONCEFREETOLAEBARRERTHD, e, &
HMFERUIBRREZEIERTATHY | FIIMEBHEOESII N T —%282Z L bE5 T
2, £, F4EDO MSC #5855 DI ECEMCE L SHREEHHALETH Y,
JUFRERC LA EE ORI T 2 RE R BEIIR TR TH D, ZLODRBEREZMERL,
D OEHE MSC DR 0% < ORFTE £0 LIIBIRE FIREIC T 2§72 72 5 IR O BIFE 1L E
Thd,

oz I ERNOBRFREFALZ > 237 ThH 5 high mobility group box 1 (HMGB1) 23,
EEOAKEBHEERICLFICRERE S, BRAMSCZ#RE L TF~FEL, b6
ICHEEEGSEENICEHR MSC 28&F ¥ T, MSC O HRIE, MEFER., Lofkee
WLy, BEEAROBAEEZTFTET L VD . ZhETE<HEbLNATWaerroe THMGBL
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WEDEREMSC OIMFEIE)] EWOFHLWEBEFEWELRR Lz, BEMOIIE, KEE
EEEROBES FEETEFICIVATRIVEFREPFEEL CTEHFBEROERE
ET2BEMEFEER [REOKERE] 2B 2RBERROBAEFOMAL B L3 55
OB T, HBEREZNOEEIEMIE) b I S5 HMGBL 23E 8P ICFET 5
platelet-derived growth factor receptor alpha (PDGFR «) BBMHHIE 2 HI L C - 8)
BL., #BEREH~OEBEFEL TVWHI &, SOICHIBEREIIZER L7z PDGFR o5
PR AR EE A R R AR I b L THRERBOBAICEMS FE L TWH I & %,
green fluorescent protein (GFP) +F VAV x=v 7 BRMILZBHE L ERENKEEET
NI IAZRNDZ LI VAL L,

&5z, HMGBL 2 & Y & & iz PDGFR o Btk MSC OB EMEIEEE A =X
LEREL, BERENLENEMIR»LELSND T EN AV CXCLI2 B, ZOREE
CXCR4 ZREIZF-ORMIER MSC 2B EMHFRMICEBRSE VDI 2 RAHLE

(unpublished data), & Z T, CXCR4 FHEHITH 5 AMD3100 # &5 L TRENKEETE
TN U AEEREBRBIZBST 5EHBER MSC OREERBLHEL, Z0EEEZRE LT,
Z DOFER, AMD3100 R 5 CIIIHFREFH LB L CE LVWRERERENBE SN L
26, HMGB1 12 XV IHEIE &7z MSC IXREKEERE XD & T3 BERBEED
BEICEBD TEERERZH - TWAHZ EBRRENT,

BB PDGFR o BEMIGITE . BE. B ~DOo{LiEE D, VYD MSC & LT
HEERFOZ &, &bIZ, PDGFR o B MSC ITI3FER RIS b L AT B/ S REMERN
ol LTOMHE 2R OMBESENEEND Z ERALNIRY 22055, Bih, HMGBL
LI XV BN PDGFR o (Bt MSC 2 RMEERICEIR L, BERB~DEBEZRET D
& T, MERDOHRR DT ERER, MRREMBEOFELTFET HSELMRIBEEDOH
BRSNS, ERIC, BRHFHETT NV~ TR (db/db v 7 R) FERICEREKE X ZER
U7 EEEE R BIBRTT L~ U ACx LT 2 HMGB1 & H 10 ug 2## H 5 HEEFIRN
®E5 L., ERGEREZR, BRERMEIZIE, FHEhk MSCE£B2RICOVWT, ABEER
BEE L KRR L, £0O/KE, HMGBL & B& 58 CIXEBEMEE I EREE Sk MSC 23
ERL. FRIWEREDR. BEMFDIRISER SN,

LoxL7Zen s, HMGBL i35 FRIZT= Y R R0 1-2Th B lipopolysaccharide
(LPS) ¢t DFEE ALV EFTHZ &, LPS &S L7z HMGBL i Toll-like receptor
(TLR) Z{EMHEI L CROVWRERIGEBRE TS Z EB8MbNTW5D, 202 &k, HMGB1

ERZEERLE LTHETHIEETRODOILDIREEFRIEIZE Y, RNCEREMEIE 25
TEBREBICTFREND, £Z T, HMGB1 OE#N PDGFR o [SBHERIIRIEME(L KA A V%
E L. TLR 23 PDGFR o GHEMRZ P IZEIE 35 HMGBL X7°F NEZED
BREED R, BEMCIE, HMGBL 5 FROD LT 0F—N"—F v 7925 SEEERR
TF VW AR L, ENENOTF FO PDGFR o BHEEE MSC 8301251 5 M58
EEENGRE (4 7 V—3 g UiEW) OFHMhZRR T2, £ORER. Fx il PDGFR o B
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MBI BIEREE T 5 7F PR OREICKI L, 202 bARRERY Fx=
— FKOI2) %38 Liz, YHOHEY ., KOI2 07T I ) BEFITLPS Ba KA A v %
EEP. LV EEARERLOBERNFRICRS, Fi, £2ERK 2007 IV BLLRS
HMGB1 # v R27Zizxt L, KOI2 1T FEN 5450 1 BREDORTF RTH Y . (LFHER
WX BEUENTFRETH A28, EFEMLE L THETIHEICBWT, BEMEOR L, &
FEARE, X MIBABIFEND X 5 1Tkotz,

F I TH AL, BIAEREEEIC ST 5 KOI2 OBIRNIB 5 OB RIE LT, Bk
BT, BRERERICL DT v PRMERREERBEET 7 VT 5 KOI2 501
B LRIGEEDR LN, &5, FRABEET LY X (VILB =S5 —F &R~ ¥
2) iext LCREMRY S KOI2 285 L, AEEBIOREEMERYWEZEIND Z L4 H
ELT.

INOOWEBRREEER L LT, BERL ITARASE R RRIER R BRI T
DERFIEE LT, RERBRAEZ M4 BIREREEENER S L TKOI2 0EXKER %
HEHTVWD, BRI, REABE, BEREEES. BEREEEE, BIIRECEEER
O ERMELRIBRORFTICIVBEE, BEAE, AERBICIAREERREICLY
AU AHERMRBEEEICH L, KOI2 OFRNFEEIC LV BESECE OB EREHR
MSC DEBZFHE L, MSC OFOFJUEIER . MEMHIER. EFHEEREZRA LT,
R E A A HET 5,

KR DRBA B = XD /ERAT A IERDERS L £2 Y | KOI2 IXBEVESAENEE T
&5, EBRICEHAIXKOI2 0oBREICX Y, REEEUIMNC, MEE, LHFEE. THES
Y, ExOBREBRBOBEARET B L b, BERTFLEYE AV ZERIC LY BH
LT3,

2. RBEBIZONT

REKEREL, REEEREROBEERESFOEBEHEETE2ICLY, BEAFEOR
Wi sh I CAKIE - BBEEERT A BEEEKEEREREREDORHR TH S, KREFRELLIZ &
DB (RENAE) ., BAWE (EE-EEEMAR). REESE EERE TOEK
WAKJE) O 3R IND,

1994 EDEEE TV EHIRER BEREEBFEWAROLEREIC L 2RENEEOHESRE
X 500~640 ATHD (BEHE : 7%, FBEEEW : 54%), —FXRE TREFNKEER
BEIERD Y . £ 2000 ABBEEN TS, L L, IEEFT2EABEEREOEEN
HBEIN22HY ., 2 10 RUBRIERPBEEAT 2 RBEEFNOFRRE (BB b
Dl b THREINTEY, BRERZ, BEINTWRWESINZEFEETHEEL2 LN
B

BEMARFKEEIIREEEMBOMEEER S 7 ThD 77T 5/14 DBRIETFEE
WWEDREL, REEEMESIEL TRENICKE - bAZERT 5, EHTHRIIE
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0, BUEANIRRE & HITAKER RIS REE & 2o TERPMEM 2R 2 & b TR
WA, EEENIEHEREONKEERNS—EERE., SbICFE - BEICERARALEED
TZELW QOL DIETZET, 7 IF 2 b/14 EETFEFEIC L 5 BMAE I AR EEER
BE L s, —F, RELEMREROMBE FICEEL, REEEMRE EEERORE
EEETHINITFTRAES —LERE LRI T, U TFU B4 EEATETI LI F =0
BP230 DBEETFEE TiX, MO THRSEREERE & 2 BBIRFKEESHBET Do
IV FUBETFEE TR, BEAFICHIR ha 7 o —EREEHT D,

BAMAREKEEL ~ITAEY —LBEREERY VX ThdabBaA T 7Y
v, XVIIE a5 —5 2 (BP180), EEBRMER S /X7 THHT I =1 332 DWVTNHD
BETFEECLIVREL, RE-EEEESFEEL COKE, BEEZERT S, 73I=1 332
DRIBIZE Y FET 5 Herliz BIIREABEEOF COHREERTH Y . £% 1 ELINITHA
EOEFIRFETT D, abBa AT 7Y ORETIE, £250KE - BEFRICMZTE
OUIFIEAE AP L (PIBASAD . IRV BB L 2B Z L3 v, —JF XVII &Y
25— RBIZEDHER (non-Herliz ) 4AEMTHRIFEVWL OO, BEENHE, &
B2 DT ANVEERREEZE6HH L. QOLITEL BV, WThoBmEE b HHEERER
& D,

SeEEERR KT, AEE L EFMOBEEEETH HREBHEL R T 5 VII 2
AT —FUOBEGTEBICIVRET S, EEEET CEENICKE - BEZERL. 18
BB OERDBERE & NFOER - lEERHRE T2, BEEEEXESEEERERD
mEDD Y EREITHBAERESNS < SHEITRETRROERIC LV BEF) D
ERER] E CERAREER DIE DS IAY, SRS CIB M R R OBBRES. ZHLE
ERZE, AHMIEOAHERZ L, G TEHRIBEVWELDLRY, BRLZFHEED S
H, BAEE, REREFNIEESEE ORET OIHFERBTH D,

FEABEEDORIBHIEREIIRTZ 2, ER Lz X Hic, EROETICHVESH LB
K - EBEER L CEFEE L RBORELET 5, BEESESME CI3E%LEw A T
EOREFINET L, EESEREEEL HERBEEER HHUREEER IFHEOEER
A, BBk, RERTIRE 2 BRSSO 20 TER» SRB BBV ERE
ThH D, REICKT HRIBHVEEERRE O D OABEREMZEIL, BRICE LDBRESALY
o7l MEOBRETH D,

3. TRBREEICONT

KOI21E7 2 VBR 44 BEN L2 B_TF FTH Y, HFEIT 000 TH 5, BEEITH
EOBRR IR OFRELREDTH Y, 20CORTFCEEMRBEET CTh 5.
BIANIBRERLR LT R E NS TVCHRE L, ERAREKCCRESEEREL, A
FIABRSEKICTHRL, B#RN~AFEEST 5,
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4. FEEERIIONT
4.1. KOI20 B #EMSCOIEE RETE (LI

[5¥5] HMGB1# %2 1 L UKOLR2OE#EMSCIIX$ 2 EBEE MR LER OB & 5
Zipol,
KIRKZFICTRISL L7z~ 7 APDGFRoGHEEHEMSCiE, MSC-1#fa (Tamai ef al, PNAS,
2011) 2T 4 v anb bV FU U BERLT4C, 1200rpm, 10450z MI LV EIX L
Tro Ry FEIES L, HAEEES2.0~3.0x108E/mliz 725 K 512, 10% fetal bovine
serum (FBS) & Dulbecco’s Modified Eagle Medium (D-MEM) % i1 x78#% L 7=, HMGB1
527 BEUKOI2E10% FBSED-MEMICAHR Lz, BfEor bo—n b LT
phosphate buffered saline (PBS) #{EH L7z, 727 VNBRA T F v o =% EA L,
EBIZIE3x106E/mUZFAM = N 7=MSC-1/fa, TRIZIZAHR L7-HMGB1# 37 6 L<
IZKOI2% AN Tz, B D EIZ8 pm FLOR Y I—FRF— h A7 L (Neuro Probe, Inc.)
EEE T, SHICERZHEE TR TLoNY LD, F¥ 2 23—E37C. 5% CO0A1 >
X o N—F —NTEHE L 4% F v o /3\—D A 7 L ZEI L, Diff-Quick (Sysmex)
ERWTC, BOLE@EVRIT TEBIZAN> T, 7 b—a U LR EZREICL Y B
L, TEZXFVAF Y U N—DIOEBL~A 7 L—ra v LEMROEREZ . BEGAERTT
,y7k%ﬁmT%MLto

[FERLEBE] FENLHIY TIIHMGBLIZH L TREFEERL L 7ZKOI2130.57F DIEMETH
Sl FEELY TIX2.86F0mniEEE s L (K1)

1. KOI2+:HMGB1IZ & 5 MSCiEEEEE (L

KOI12 » MSC MENEEIE{LER
HMGB1/KOI2
 _ A
3 £ £ .
T2 3 I _ % AL —va | REAMeaIE | £EHMeBIC |
12 z%2 D LSO | ST BmSt | A smEt
g & 2 Z 3 = BEHFY GFEL) (FHD
* 2 ® PO Lu Ly ¥ ]
;ﬁxlw(%)
2 EumeBL 218 1 1
IaM
HEKZ293.stakle 34.1 1.59 7.43
HEK283-trans. 338 1.58 780
E.coli - 344 1.60 802
BEIAIFY 12.3 057 2.86

4.2. KOI2D EHEMSCIL R & B & 1E
[F¥#] KOREIREEIZ X A, ~ 7 A FBENPDGFRaEMHEMSCO R 8 B 1EME 28I E
L7,
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C57BL/6R MM~ 7 2 (838 D REEARD S 10 pg®KOI2%0.2 ml DAEEEHERICHER
L3307 — Vet & v U v UERAWTERE L, Bz b — M ZiXFEE0OPBS (Nacalai
Tesque) ZH®5G L7z, 128FRI%A Y 70T N L B2 FEET CELDED bR Mg % 5
mL7, 3mlDPBS%MZ 7%, Ficoll-Paque Plus (GE Healthcare) 3 mlZEE L7~
O E A VIESEIOR DEEEZITV., TRE U7 B & B U7z, B U 7- e
% HJEI6 well 7L — M, 1x108 f&/ 100 ul (2% FBS &PBS) THE L7=, PE-mouse
CD140a (PDGFRa) (BD Bioscience) ® L < iZFITC-mouse CD44 (BD Bioscience) % .
FNENEEMEDOA -T2 D = /W1 ul T o 23 L2054 CTA FaX— k LTz,
PBS 200 pl 9200 2. 1500rpm, 4 CTlOGMELEZITo7, ER%EE TEEPBS 200 pl
FOM %, 1500rpm, 4°CTLOLRELEITo72, PBS 100 plil Mg 2 BB, 1%/37 &
AATFAFE N300 ez e, RIA VXA T2 ha—A Bl EER L TR D
Fer— A ER U7, FACSCant™ IIZfEMA LU C LEL CHRE L7 Mg DT 217 - 72,
[REBLE] oy he— VB (EEAERREE) LKL T, KOLRESETIX
BHEZ (P=0.016) %o CKRMIMF OPDGFRoGMEMIEOEIEAAEM L= (K2) ,

2. KOI2OEARNIZREIZ L 5~ 7 A PDGFRaE MR N

R

"1 oo PDGFRuHT-AADH/CDAS
0.4

.35 P=0.016
; 0.3 -
T T T, 0.25 +
, 0.2+
}; 1430% ' 3,15 -
' 0.1

£1 0054 .
EY - o] ‘

[ 01 L P —— -0.05 PES T

i

peptide

4.3. FHEBERFTEEESEREEET v MET T 2KOI20T5 B R

[5#E] HMGB1Z > /227 38 L UKOIICOVW T, 2 ORI EEFEAE R T 53 B 16 Sh B
ZHIE LTz, SDREEMET v + (SBE) 21 Y 7T 0 L DWABREEC ko TH+5 70 FRER
EHEAT U724, HERICHESemiE7Tecm DB O IR 2 /B Uz, 7277 L. BElo—Tix
PIBRE9 . REIXE TOMBH oo lEBE L=, IR L3l 2B OKE L4584 %
ROTHREL, 7HF—b (R —x2) AL THRE URER-RGEE T L,
7 v MCHMGB1# > 237 (100 pg/El/H) | KOI2 (50 png/[El/H) %, i1 6REM 2 FE
& UCLIR 2405 Z & IZETBE], FH A U U ERREETR 200 plic AR LERIR) 6B E L,
etk b e—iZlIPBSE B E LT,
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VA%, THX—LEBRELILED L ICAESI 288 LT, EREHS., BERRES D
mEfEZRIE LT,

[BReEE] FHRUBBICRERMED Y b o — VB CIIBIEF 4Pt R EEEN 34 LTz,
HMGB1# 58 CirIsL 3L CREEL N EE Lz, KOI2E 5.8 CrI5It 11L T /& EHEET
WIEAE LT, FIRTEBICIZEE S b o — LB TIEBICH4IEIZ B8V TR B8 D3R\ HfE 25
ETVWBEDICH L, £@FHMGB1# 5& CTirI5PLth 3L T, KOI2& 58 Tid5Ut 20t CHfE
DER b T,

HMGB1# 588 L UKOI2# 58 T LB K% OB OME/ N R 2D, KO ST
XLV BEERE RN bz, LEM%, 28M%, 3EEE CITAIGEEENS VN TILS
XHT 4T ar ha—VEORSOmEBICHE/N L T\, SHEM%ELBEIIKOI2E 53
D2BETELEE U C & DICAUSEREIME/D LT\, TEROEREBRICEVTYH, KOI2ERE
BEoOFN L AEREREN/DNSVERMIZSH o7z, THEEEORIEIRS DFfEIc BV T HKOI2
BEEERL - L bHENREREThHo 7 (K3) .

B MSC [ HEEmRRBIZ T 5 REMEOBRE A RET S Z L0 mbitTs Y | HMGB1
R KOI2 IZ X > TEB S B i MSC 2 EAERIC X o TA U7e iR BBRICL 2K
EEFROYLREZIEHE L, AlERRERE L FHREN, ZOFBENS, BERETIHE
FE OB, SME., FHTIC K ABEOIEKRZ & EMFIT 5 KOI2 ORBEHENIFI NG,

X 3. KOI2 #51Z & 2 Btk R EIE SR IR ESh R

“ S

IS

s

Relative area of skin ulcer

MBS
HMGI

KO
Pas
Kotz
PES
Ko
B
LSURE

¢ [rvom ﬁ%

2 {uvon e
NOI2

S
Z

4AFFENIBIEE TV~ 7 RTRT AKORDIEERN R

[Fik] KOI2 10 pg/50 nlABEER # ERAKEEET L~V R (VIIE 2 T —7 KR
<~ U R) (n=4) ORFERILE2E, 4EE (GF8ED &5 L. AEMMERS I OEFED
REF I OV TABEARREMBE SR (n=4) ZHE LT,

[FER & BE] KOI2 B EFHITAONCEEEMERL LOCEFREROWTIL L £BEEIRES
BB L THOLREREDREEZRLE (K4 ., TNODOBRESERBEAI=RLLLT
i, MAENE 7o B #E MSC 2 0 ENB S OB ER RO #EERAICERB L CHEZHE L,
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Bk S OEETENSE LD LB BND,

B 4. KOI2 BEIZ K DREKBIEET L~ 7 ATREZNR

BEMdEELE B ﬁﬁ%%
, , e
‘i % g A A
mp%pi;de
g I s e B S} s ils
Cox ‘:' S
= 4 B s
& : : - ’
@ e - S B s S ek,
AHIAGE I ANE HAE TR A umIEYE CHRwEReE A ﬁammﬁﬁéﬁma ARURARNE

5. FEREEMRBRIZONT

5.1. TEEI—AxEMERER

5.1.1. KOI2 ®T v MIBT D HEEIRNE 55

Crl:CD (SD) Z#EMEZ v b (1 & n=3) 12 KOI2 ® 2 £7-1% 20 mg/kg ZEARANES L
7. FETEMITRL . BRBEECERTAE(ERBDRDI 2T,

5.1.2. KOI2 OH/VIZ BT 5 BEERERANE 535

= AP (1 BEMRES 17E) 12 KOI2 @ 2, 6 8L 20 mg/kg ZEIRNFTS L7,
L EWIRD b o T, 20 mglkg HE BBV TR EERICERAALF R0 IV b3,
B BIIXEE Uiz, 20 mgkg 85 LR VB THRIRDETARD bitf, mH
EAZ IO LEAPAERFHICED LN TRY ., EELE & AEETEhFe 2 & I
CDOERIZEBbDEBZ BN,

5.1.3. KOI2 ®F v MZPBiT 5 b BMIEFRIRNER 5 FHRR
Oﬁ&)@D)%%ﬁ?y%(5@)Kszwzm%mg%ﬁ51E5Eﬁﬁ@%%%
PIZES L, BEEANOELEHERT S & HI—RREOBESCKEORE, FRE(To
T FORER, BEHETONTNOBEICBIETIIA DN o7, - —RIRE CIIR 5L
EED, WTHhOBMICLEFIIALNT, FIRTHLEFITFEDO LN 2T,

5.2. RIEHZREGHRE (HEBIEERE L CREZEHT 53R

5.2.1. 7 v FERAWE 4ERBIRNEER S SRR (RERBRZET)

Crl: CD (SD) BMEHES v b (n=10) 1= KOI2 ® 5. 12 5108 25 mg/ke 45 1 EE
BRINIC 4 S L7z & EOBMEBLERND L L bic, 4 BROKRESRFEZER1T, Z0HE
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B O T HBE LT,

5.2.2. Y aAzRAWe 4 BRBIRNEERSEEAR (AERRZE0)

MERED =27 4 Y (n=3) 2 KOI2 ® 5, 12 B X125 mg/kg %0 1 BEEIRNIC 4 8
BELZLEOEEENMERAD L & HIT, 4 EROKRESE 252, ToEEMEIZONT
bRE L7z, 2B, TREBICOSVWTH —BREHERBROFICHEZAALTERL TN D,

o GZAMEERIEERES © Y LSBT S invivo Dy - MBER. BIXORRRICRIETEEDOK
gt 7 v MBI 5 HRERRIC RIS TEEORKE,

- AETEFEAEERR YL Ty FERAWERERSEERBROBIIER O T,

HEAETEBOMEHIT S .

- REEERE . YL E Ty MERAVWEREREEHRBRORTNER OF T, mEEMHE

DR Z R Tl OME ; MIRFNEL., RERBE OEELE L OYREART
Bib, MBS u7 Y VBEDO BE) T OWTEMEIT I,

6. WRUN - S - {RE - HE
6.1.7EMT v b (BEE3IL) ~DOHEEREIZ X5 T HOTKRER
Crl: CD (SD) REEMET v MIBIT 2 HEFEIRAR SRR\ T, BRI R L E
i L ChEFOREFEKOI2EEE LTz, TORKE, 2 mgkglRE CEE LzKOI2iX,
B 525% CEEICMHP CORHBELU T Tho7z, —FH. 20 mg/kgiBETHRE LI-EE
I3, BESSBETIIREESNZ DD, IS5 BICITBEREL T Th o7,
6.2. W=0 AP (FELL) ~DOHEEREICL S TFHEITKHER
=7 A PRI B ERIERIRNE S 3RBRICE W C, RERICRE M 25 Mm U C i jEs
DOEEFKOIEZEE Lz, TORE., 2mg/kglBE TRE LSRR E2SDEE TH
Hahzbon, #E555% CRRIZIMP TORBEEL T ThoTe, —F. 68K U20
mg/kgiBE CERE LZBAIX, B#ESSHBE TCHBRHEINEZ OO, 155H%ICIIHRHE
ELLTFThoT,

ULOfERN S, KOI2 IZEEBRMF D HESCNIZER L TWDH Z &, £7- KOI2 28
ABEM ST VT ORI F R THHI L EEbREXD L REREEERRICE
WT TKRBREZIT O BEENMENE B 2, L0 TK REROERIIIT > Tuizny,

7. BEAIEERBROBE

7.1 F IHEERRIRR

RBEELE LI L,

RERANCRIT 5 REMEB LOIEEORFZ B E LT, &5 24 FIORE NTHBRIE
ZHE, RO FIORE AT 7 BERKERIRNSHRST 5, Zett, AFRETERER -
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