+ 992 - #4554  Acta Pharmaceutica Sinica 2023, 58(4): 992-1002

SRR R BN h Y B = HEAR 2K

WO, AR, FEE, N O, RAE, RAR, IKZ, AEY

(R = 2 R 2 5 AL B A0 B2 22 5 25 W T2 BT, R AR 24 1 o 5 T B X B S 3R =, B AT 100050)

35 H K AL I B IE W MCT R JIE < Sephadex LH-20- Toyopearl HW-40C « 1F A i IR Fl C18 [ AT I 5 % Fh
S8 MR € 1 25 TR 30600305 A0 0 AR €05 20 B8 4R, IS P P 29 B /K BV R 40 B A9 3 17 4 (1~ 17) Tl =i R
K& . it HR-ESI-MS.UV.CD.IR 2 1D #12D NMR 3 i $e 88 i b %58 7 el g1, Hop s AN Ak &9
(1~8), fk ¥k fir % A TR Q~X, HLALA 4 2 R 7 (¥ 2544 15 3] 3 5 XS ZRAT S 20 T O BAIE o 76 9020 s A 3% o 0 e
o, 7E S pmol LK FE N, 27-F 57 8RR (17) % TGF-4 1% 5 1 HSC-T6 A i% th A5 — & P AE .

SKHEIR): ¥ EORL R B KR, =R

FE 5 S: R284 CRRFRINAD: A YEHRES: 0513-4870(2023)04-0992-11

Minor triterpenoid acids from an aqueous extract of
Uncaria rhynchophylla
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Abstract: Seventeen minor triterpenoid acids (1-17) were isolated from an aqueous decoction of Uncaria
rhynchophylla by a combinatory application of column chromatography using multiple stationary phases, including
macroporous adsorbent resin, MCI resin, Sephadex LH-20, Toyopearl HW-40C, silica gel, and C18 reversed phase
silica gel, combined with separation techniques of flash chromatography (FC) and high performance liquid
chromatography (HPLC). Their structures were determined by analysis of HR-ESI-MS, UV, CD, and IR as well as
1D and 2D NMR spectroscopic data, of which eight new compounds (1-8) are named successively uncarinic acids
Q-X, while the structures of 2 and 7 were confirmed by single crystal X-ray diffraction. In the in vitro assays,
27-hydroxyolean-12-en-28-oic acid (17) inhibited TGF-f-induced HSC-T6 cell activation at the concentration of
5 pumol-L™.
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U. rhynchophylla 245 Fi 58457 7K Bl 28 3R BP0 R 7T, IR
R AT IR G B R S8 , N A TR N M4 7
FoAb 7 B o3 20 AN 22 e 24 251 ) B e il . RITUIAE
ORI O TR I [F] — K R SR U o) B 4 e O
S JEHRE T 30 N AWK 2 A RR AT AE Y V30 S =
% .5 /> megastigmanes 1 7 4> 505 AT A2 ) Je HoA 0
PEGR % 25 5L, HoA B4 29 N B I s ot AR
Ak SR E Z IR I T 8 MR =i IR ISHT K (1~8)
FOAEEL &Y (9~17) (B 1) W B M EE %5

ZRATIL

EM N E BTG E R K, [a]h +251.0 (¢ 0.05,
MeOH). ZLAMGRE TR FEEM AR (3 433 em™)
MIERIE (1 695 cm™). M (+)-HR-ESI-MS m/z 509.324 2
[M+Na]" (C;,H,,O;Na, i+ 51 509.323 8) I NMR i £{
&), w78 C,H, 0, B 8 MR,
&P 1 B NMR B H0HE 5 M AZAE A7) B2 BA3 85 1 )
JEEPR P (uncarinic acid P)"'f NMR F8E #H40L, Lbie — 3
7R R E X )2 F A S R P R e H 2 [0, 3.59 (1H, d,
J=11.4 Hz, H-23a) #13.45 (1H, d, J = 11.4 Hz, H-23b),
0. 66.7 (C-23)] BAL T Ja & iy 23-Be 2k . (K[, W€
A4 3,6,23- = F2 5 - 55 -12,18- . J#-28-1%, FF

30

9 R;=CH;,R,=H
10 R, =H, R, =CH,

11 R; =R, =O0H, Ry =Rs=H, R, = CHj
12 R;=R,=OH,R; =R, =H, Rs = CH;
15 R, =Rs=H, R, + R, =0, R, = CH,

I3 2D NMR 5256 Ho A 247 7 Ese (B2). H
s /f HMBC s 1, H,-24 11 H,-23 5 C-3.C-4 1 C-5, H-
55 C-4.C-6.C-10 F1 C-23, DL}z H-6 55 C-8 i1 C-10 1)
LRERZAM KRGS, S el = BE, L34
F2 3y BT C-3.C-6 f1 C-23. [FR, H,-29 5 C-18.
C-19 1 C-20 J H,-30 5 C-19.C-20 fil C-21 #J HMBC
HHOAS 7, RS W AN F R 23 il A2 T C-19 AT C-20. I
4b, #4E NOESY i 1 H-5 5 H-3 #1H-9 Jt H-6 5 H,-23
115 528 X (& 3), 456 H-3 F1 H-6 LR 5 &
O RHE R IR FH (R ), M€ T 38,68-— 3L
B . &1 8 CD il gs t— AN 3 5 200 X L 4
T R A T IR 5 (+)-Cotton R 16 (A 234 nm, de
+30.06) (Kl 4). AR 9 57 2R 5 = HE A (0 45 73 2l T 1k
(allylic axial chirality) ¥, #E 2 196 5% W3 75
PR BEAZ A B 4 0t # 2Y  [RI, 06 110 45 R A
N 3,68,23- = F Ik -1 55-12,18- " H5-28-1%, fiv % N
JBE I Q (uncarinic acid Q)

B 2 N TE RS i (CH,OH), mp > 300 °C;
[¢]% +36.6 (c 0.08, MeOH). fR¥FE (+)-HR-ESI-MS m/z
485.326 3 [M+H]" (C,H,0,, 1151 485.326 2) FINMR
WHIE (R 1), e H T8 C H,0, B 1A
A, AR N9, HE2 511 NMR BS54, SR E

30

HO :
R4 OH

13 R, =0H,R, =R, =H, R; =CH;
14 R, =0H,R, =R;=H,R,;=CH;,
17 R, =R;=H, R, = OH, R,= CH;

16 R, =OH,R, +R;=0,R,=CH;,Rs=H

Figure 1 Structures of compounds 1-17
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Table 1 NMR spectral data () for compounds 1-3 in CD,OD. Data (5) were measured at 600 MHz for 'H and at 150 MHz for "C for 1
and 3, and at 700 MHz for 'H and at 175 MHz for "*C for 2, respectively. Proton coupling constants (J) in Hz are given in parentheses. The

assignments were based on 'H-"H COSY, HSQC, and HMBC experiment

No. ! 2 3

Oy O Oy 8 Oy O
la 1.69 dt (12.6, 3.6) 422 1.81 dt (12.6, 3.5) 429 1.86 m 41.3
1b 1.01 dt (3.6, 12.6) 1.11 m 0.99 m
2a 1.78 m 27.7 1.71 m 28.8 1.79 m 28.1
2b 1.60 m 1.57 m 1.62 m
3 3.56 dd (12.0, 4.8) 73.7 3.48dd (11.9,4.2) 80.3 3.10dd (12.0, 4.2) 80.1
4 44.2 50.5 40.8
5 1.19 brs 494 116.9 0.76 d (3.0) 56.8
6 4.36 brs 68.4 151.0 4.48 q (3.0) 68.8
Ta 1.77 m 42.5 2.22m 30.9 1.57m 40.8
7b 1.62m 1.51 m
8 39.1 42.5 40.5
9 1.53dd (12.0, 5.4) 49.6 1.86 m 45.1 2.02 brs 56.1
10 37.3 35.8 37.4
1la 2.08 ddd (18.0, 12.0, 2.4) 24.2 2.20 ddd (18.9, 10.5, 3.5) 24.4 5.67dd (10.2, 1.8) 128.3
11b 2.00 dt (18.0, 5.4) 2.10 ddd (18.9, 7.7, 3.5)
12 5.40dd (5.4,2.4) 127.5 5.33t(3.5) 128.9 5.97dd (10.2, 3.0) 130.9
13 139.4 139.4 143.7
14 46.1 42.0 42.7
15a 1.94 dt (4.2, 13.8) 29.8 1.86 m 29.2 1.88 m 27.1
15b 1.16 m 1.07 m 1.15m
16a 1.80 m 32.4 2.65dt (4.2, 13.3) 26.3 2.17 dt (13.8, 3.0) 27.9
16b 1.64 m 1.53m 1.47 dt (3.6, 13.8)
17 50.4 48.9 48.3
18 134.6 2.52 brs 54.6 542 128.8
19 137.0 73.6 3.56 quintet (6.0) 72.1
20 2.17m 35.7 1.35m 43.0 1.40 m 41.7
2la 1.82m 27.5 1.73 m 27.3 1.56 m 28.5
21b 1.35m 1.23 m 1.0l m
22a 2.16 m 36.0 1.74 m 39.0 1.76 dt (3.6, 13.8) 40.1
22b 1.38m 1.63 m 1.40 m
23a 3.59d (11.4) 66.7 4.08s 85.6 1.04s 27.8
23b 3.45d(11.4)
24 1.05s 14.2 1.23s 20.8 1.14s 17.1
25 1.36s 18.3 1.11s 21.1 1.25s 19.9
26 1.16 s 20.2 0.86 s 18.8 1.02s 17.4
27 0.96s 22.4 1.30s 25.6 0.93s 290.3
28 180.4 182.2 179.5
29 1.73 s 19.8 1.20s 27.0 1.08 d (6.0) 19.4
30 1.09d (7.2) 19.1 0.93d (6.3) 16.6 0.86 d (6.6) 15.0

Figure 2 The 'H-"H COSY (thick lines), key HMBC (arrows) correlations of compounds 1-8




kTR AR BRI b R R =R R K © 995 -

Figure 3 The NOESY correlations (pink double arrows) of compounds 1-8
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Figure 4 Overlaid CD spectra of compounds 1-4

BEIE R 2 S R ) LA TE R (6. 73.6 (C-19)]-
14 DY B 45 Bk XU [0, 116.9 (C-5) F1151.0 (C-6)] F
15 $2 3E [F R R 3 [0, 1.20 (3H, s, H,-29) fil 6. 27.0
(C-29)], 73 BAR T 1Ry R R H 2, (CH-6) 2 19-H
FE-18,19-4 B e [RIE, 2 45 K4 v i 52 30 H 2 [6,, 4.08
(2H, s, H,-23) 16, 85.6 (C-23)] HLARA5 55 1 1 5.3 1f)
IANIRE . B UL 2 2 119 18,19- =& -19-5856-6,23-
-5 AT AR, FE15 5 2 1) 2DNMR S2 56 i (& fif bt
HfIE (1270 3). i, 7E HMBC i, H,-23 5 C-5

1 C-6, H-18 5 C-12.C-13.C-14.C-16.C-17.C-19 FlI
C-28, PA A H,-29 A1 H,-30 5 C-19 [ B AH G AS 5, 45
G eI A8, BEAL &9 2 454 A7 1E 6,23-3F
A-5mE I, A, I NOESY i+ H-3 5 H,-23
J H-18 #1H-20 15 H,-29 ] NOE % X g (5 5, 454 H-3
HIRME T ARG R ER ARG HEH (R, #HEE T
3,19a- R FEMIHL R . KBk, HEWT 2 4 3B,190- — F25E-
6,23- A - 15 55-5,12- M5 -28-F .« LA W 2 I I
AR SR G, 19 208 B A, BEEDE Y Cu Ko S 28
TR 1) XS 2 o it SR R BOA AT S o b, i — D ERE T
2 (S M Je F e Xt # Y, H ORTEP A 45 # i & 5 e
e B, A& 2 K S5 H1S 200 52, iy 4 9B BRI R
(uncarinic acid R).

tEY 3 hE BT E MR, il (+)-HR-ESI-MS
m/z 511.340 1 [M+Na]" (C,,H,,O.Na i} 5 {f, 511.339 4)
AINMR 3£ 5 4 (& 1) 8w 7208 ¢, H,,0,, A
PRI 7. NMR i85 £ R 3 1 450 HP - FERFAE 1Y)
1A RO 1A = HOROBURE 3 > 34 280 P 3
1A ERBRERIE 2 ANl B LA 5 AN R 3L DL R R4
7N R 3 AN R R S SRR (R 1) AR IX L

Figure 5 X-ray crystal structures for compounds 2 and 7
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PR AEN 3 72 — A F W& AH 1ASE SN XU (1) 230
RGP TE-28-TR AT AR, FEiE I 2D NMR S5
T B o Hon S5 M 34T Tt — 2B € . E 2D NMR i
B, B B ATRAIE 3 1A 3,6- — 23 - 2 5 - — 45 -28-
FRBEAZ A A1 B IR IR45 5 41 (K12), H-9/H-11/H-12/H-18/
H-16a ik I AH A (G358 I 9 A0 & s I A2 45 &) (19 'H-"H
COSY ¢ X%, H,-26 5 C-7.C-8.C-9FI C-14 L H,-27 5
C-8.C-13.C-14 1 C-15 5 #% i F£ 4H X 1 HMBC 15 5,
G5 EANIAL AT, UE I 3 45 il 47 4E 11,13(18)-
TURAEAE . R, R4 H,-29/H-19/H-20/H,-21/H,-22 {&
JAH A B 'H-"H COSY %8 X I, H-16a 1 H-22b 5 C-28
FAZIT M M HMBC {5 5, 856 BTS2, 4
SE 3N 3,6,19-=F 5-18,19-24- 5 5 -11,13(18)- - fii-
28-1% . ik — B IR 4% NOESY i i H-3 5 H-5 1 H,-23
PL M H-6 5 H,-23 1) NOE & XI5 5 (& 3), 45 A ix Ltk
SFHIRE TGRSR R &R HER), e
T 3B,68- R EMHA . 531 CD i R e X
LB ) K L BT 3 (-)-Cotton 2587 U (2, 243 nm,
Ae =9.06) (K] 4), H4E 28 P fe sILHE 0 00 45 73 b =1k
(allylic axial chirality) # 0= HED 3 345 5 5 0L 5 75
I RERZAH R R 4t B . 55 b, AR A 2 25 4
JE I 19-F2 28 5 D5 fe -28- TR T AR M I 19- B B2 B a
B e (15 O, AR TR 2% &) AP #E € 3 A 190-72 2 .
Rk, 654 3 45 K915 DAV 1 €, fin 44 N B R TR S
(uncarinic acid S).

a4 nE BT E IR R, 3 (+)-HR-ESI-MS
m/z 543.328 9 [M+Na]" (C,,H,,0,Na i 5 {H, 543.329 2)
FINMR V% £ 45 0 B (3% 2) #3297 208 C, H,0,, A
HIFIFE R 7. A& 4 12 1) NMR 135 25048 A0 AL, 5
2 AN TF] S BT NMR AT A& T 1A O 3 [0, 1.18
(1H, d, J = 2.4 Hz, H-5); 6. 49.3 (C-5)] & 2 MF& ik H 2
[0, 4.38 (1H, brs, H-6) 14.20 (1H, dd, J = 12.0, 6.0 Hz,
H-15); 6. 68.9 (C-6) F169.3 (C-15)] KIf5 5, AR T J&
P U B A Tk U ST R LA R R E . 5
Ab, AT AL PR A [0, 3.59 F13.47 (% 1H, d, J =
10.8 Hz, H,-23) J d. 66.9 (C-23)] 15 5 I & & 1 =,
HERMABME RGMIEG & WRIEES. B
15 HE W 4 02 2 B R 1Y 6,23-24 3K -5,6- A ATEY),
IR 4 17 2D NMR 5256 15 g A o) 52 5640 1) A B K%
HMARPEAT THE— b . 762D NMR i, B 2R
A HAE 4 240 A 2 11 6,23-2431-5,6- AT EY) I AR LE
45 5 4k (B 2), H-15/H,-16 1§ & () 'H-"H COSY %2
Y, H,-27 5 C-8.C-13.C-14 1 C-15 F A% FE 18 A H
XK HMBC 15 5, LA ) H-15 5 H,-26 2 [H] [f) NOESY
X, 254 X A M BRI IRAE 5 ML F AL A S

ZOP T R AR & W (3R 2), 1€ 4 IG5 T Iis A7 AR
150-F2% . 1 NOESY i # H-3 5 H-5 #1 H,-23 \H-6
5 H,-23.H-12 5 H-18 Al H;-29 L ) H-18 5 H-20 [
NOE & X (55 (K3), 45 & X A ILRE S HHEE
R R ARG A (R 1), 188 T 38,68,190- —F 4k
FRVE I o MR BT IR AZAE Y T 70 B 4 E 5 U5 12- M- 28- 12
AT AW BERZ 1 2 08 fy T ORF5f, HHE U AE AN 25 18 AU 32
We IR O 4 BEAZ B 2R I AT B 5 1~3 A [R]. Wtk,
1B 4 () 25 KB 32 R 3,68, 150, 190,23 FL 2 5 - 13 5 -
12-45-28-1%, i 4% NHIHEIR T (uncarinic acid T).
WEW s ha BT E AR, £ (+)-HR-ESI-MS
m/z 541.313 7 [M+Na] (C,,H,,O,Na it 5 {&, 541.313 6)
HITNMR % 508 o 4 (% 2) i H 9 XU ¢, 1,0,
AR 8. WEWS MR R NS 1Y
TR-12-J5-28-BRATAEY) . LLE 5 A0 4 ) NMR 5 5, &
N5 T 4 G R 22— IR B R T TG 23 A D R -
1 55 -12-05-28-FRiTAE W) . 4 2D NMR SE 56 3 [ g bt
PiAE AR I ) A B S A RUBEAT [ HESE . 7E 2D NMR
W BRas AT S 1A D I5- 1204 -28- R BHIZ 1Y
5548 ( 2), H-5/H-6/H,-7 1 X A8 & A 2% i 'H-"H
COSY %2 X I, H,-23 fl H,-24 5 C-3.C-4 Il C-5 4%z
FAEE K HMBCE %, 456 e AA %, iIEW 5 B
A 6-F2 5 -3-Wi WU AFAE . [, MRS H-15/H,-16 15 &
(1 '"H-'"H COSY % X V&, H,-27 5 C-8.C-13.C-14 Fil C-
15 5 4% 38 F2 4 O I HMBC 15 5, &5 & e ik 24 4
R, M s 546 HFEMK 15-REEBAC. B4, (58
'H-'"H COSY 3¢ X I H,-30/H-20/H,-21/H-22, HMBC 5
1% 328 FE AR 5% H,-29/C-18.C-19 A1 C-20 LA J H,-30/C-19-
C-20 FH C-21, &5 & eI 2 AL ¥, HEKT 5 thAT 19,22-
TRREEAR. 3Pl il NOESY i H H-6/H,-23  H-
15/H,-26 - H-18/H-22 1 H-18/H,-29 ) NOE %& X %, 4k
XA ILIRAG 5 I A R e R S LA
(F2), 5 5HAE 68,150,190,220- 10 2 K HUAR (I F 7L
&5 (1 CD 1% 2 75 vT A 8 T i 2k R 6 [ 1 59
(-)-Cotton B M. W& (4, 301 nm, 4e —0.07) (& 6); iz H
P 0 5 1)\ DX AR 0 DUJ B4, R E S BEAZ 1 B 10 48 % g 7Y
5 WS R A R . DR, A S 25 R AR DL
B, i 44 N R U (uncarinic acid U).
a6y At ToE Bk R, I (-)-HR-ESI-MS
m/z 517.316 9 [M-H]™ (C,,H,,0,, it 5 {8 517.316 0) I
NMR i £ 45 (35 2) # e H 108 C, H,,0,. &
6 ) NMR % $ 4 5 MR R4 1) 95% £ I 42 L) v 4y
BB 34,64,190- = F2H- 1 J5-12-J5-28-12-23-FR IR T
fis (38, 68, 19a -trihydroxy-23-methoxycarbonyl-urs-12-
en-28-oic acid)™ (1 IE H AL, SCHRE A 12 45 44 22 il A
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Table 2 NMR spectral data (J) for compounds 4-6 in CD,0OD. Data (J) were measured at 600 MHz for 'H and at 150 MHz for "*C for 4
and 5, and at 500 MHz for 'H and at 125 MHz for "*C for 6, respectively. Proton coupling constants (J) in Hz are given in parentheses. The

assignments were based on 'H-"H COSY, HSQC, and HMBC experiment

N 4 6
0.
3y J. J, J. Jy J.
la 1.56 m 41.7 1.93m 43.0 1.64 m 41.8
1b 0.98 dt (3.0, 13.2) 1.33m 1.08 m
2a 1.72m 27.6 2.82m 35.7 1.72m 27.7
2b 1.58 m 2.18 ddd (15.0, 4.8, 3.0) 1.61m
3 3.56 dd (12.0, 4.2) 74.0 219.9 3.91dd (11.5,4.0) 77.2
4 44.1 50.1 55.6
5 1.18d (2.4) 493 1.21 brs 57.9 1.51d (1.5) 53.5
6 4.38 brs 68.9 4.41 brs 69.6 4.03 brs 71.7
Ta 1.97 dd (15.6, 4.2) 442 1.93m 443 1.72m 419
7b 1.7l m 1.80 m 1.46 m
8 413 41.5 40.7
9 1.76 m 48.7 1.77 dd (11.4, 6.6) 48.1 1.79 dd (10.5, 6.5) 49.5
10 374 37.6 37.1
11a 2.05m 24.7 2.11m 248 2.05m 24.6
11b
12 5.38t(4.2) 131.0 5.37t(3.6) 130.8 5.31t(4.0) 129.5
13 140.3 140.2 139.3
14 48.8 49.0 431
15a 4.20 dd (12.0, 6.0) 69.3 4.36dd (11.4, 6.0) 69.1 1.86 dt (5.0, 14.0) 29.6
15b 0.97 brd (14.0)
16a 2.68 t(12.0) 36.6 2.36t(11.4) 29.6 2.55 dt (5.0, 14.0) 26.6
16b 1.72m 2.07m 148 m
17 48.2 54.2 49.0
18 2.45 brs 554 2.42 brs 56.3 2.51 brs 55.1
19 73.4 73.0 73.6
20 1.35m 42.9 1.48 m 41.3 1.35m 431
2la 1.74 m 27.2 1.841(12.0) 354 1.72 m 27.3
21b 1.63dd (13.2,4.2) 1.42 m 1.61 m
22a 1.73m 38.7 3.70 dd (12.0, 4.8) 75.4 1.72m 39.0
22b 1.58 m 1.60 m
23a 3.59d(10.8) 66.9 1.13s 26.0 181.8
23b 3.47d(10.8)
24 1.07 s 14.1 142s 24.4 146 s 12.7
25 1.32s 17.7 1.52s 16.8 1.32s 17.4
26 1.10 s 19.0 1.20s 19.2 1.07 s 18.5
27 1.28 s 18.8 1.30s 19.1 1.31s 24.8
28 181.7 179.9 182.3
29 1.19s 26.9 1.16s 26.5 1.19s 27.0
30 0.92 d (6.6) 16.5 0.95 d (6.6) 16.3 0.92 d (6.5) 16.6
61 . 12-4%5-23,28- 1%, H.#5 31 2D NMR 52563 & fig 4 (1)
N P iESE (1812); #5512, 13 5] HMBC # 1 H-3 fl H,-24 55
C-23 M R FE M55 5, ROESY %+ H-3/H-5.H-5/
2] H-9.H-12/H-18 fl H-12/H-19 [A) NOE 3¢ X I&15 5, J H:
30 AT AR T A 2 FRAE RS . TR B9 6
) CD i o, B /b 3 3 €0 [ R KR AE Cotton 250 6
-2 )| ] P \ v
A, 558 m-m* BRIE 1) Cotton R85 5 BUARL (B 6), $i5 1tk
g , . . . HED 6 BERZH 2R 4t M L 5 S (A TR . KLk, b &9
200 250 300 350 400

Wavelength
Figure 6 Overlaid CD spectra of compounds 5-8

o PHEAE IR E 2 5 & 1E 6 i) NMR 1 A & /b fig
FIEMES . JEIEHEN, 6 N 3p,66,190- =2 35 J5-

6 (155 /73 LAHA 2, fiv 44 VB R V (uncarinic acid V).

AP T T B SG i, mp > 300 °C, UV.CD.
IR.(-)-HR-ESI-MS 1 NMR i % d (38 3 152365 9)
BoRIA 6 I St . REBI R E Y T I NMR i
s 5 BT AR — SR HC 43 B B S R e A =g
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FH 2 J (uncarinic acid J) (AR UM, A 1) 0 3 22
FISETE T I NMR i85 & sk /DB F SR 1S 5 o 4 e,
7 N HERR T (uncarinic acid 1) (1) 23-3R B A7 £ 4, 318
i 2D NMR 256 15 [ AT 347 1 ESE (B12); Rl 2, 13
F| HMBC ¥ i H-3 fl H,-24 5 C-23 ) 3 i m FE AR 915
5, ROESY i F H-5 5 H-3 L\ &t H-18 F1 H-19 5 H,-30
(1) NOE #& X A5 5 Bk sE (KB3). &4 7416 1) CD
T 2R3 oL (1 6), BH AR 7 BERZ B S8 55 3R - 12445 -
28-TR A% R BL 5 6 AHALL . LA 7 78 H VA
FEIRBCE G, 13 B00E B 05, B RDE T Cu Ko 5 2658
) X5 2 R S RO AT I e i, 2 — 2B IE T 71
SN e Ho s ok Ky AL, H ORTEP AR 45 3 1 1 5 7 .
R, A6 &9 7 7 52 N 38,6B,19a- = $2 - 35 1 R - 12475 -
23,28- R, fiv % NE BEER W (uncarinic acid W).

&Y 8 N A (TG E Tk R, BT A i B Es (383
FNSLIGE ) BonH oy 4 R SRtk . L8 Fl 411
NMR £ 4 BoR, —H MR EEZRRTE ST
1A #UH 3E [0, 0.96 (3H, s, H,-30) F1 . 25.0 (C-30)]-
1 M2 H 3 [0, 3.25 (1H, brd, J = 4.2 Hz, H-19) Fl 6.
82.3 (C-19)] M 1 4~ZF ik [J. 36.1 (C-20)], 73 Al &R T
J& # R B S (CH,-30) 32 JE BUAR 2R B (C-19) ALk H
HE (CH-20). 4 btfE 2, 8 72 4 155 R e 284 =i 1) [
Iy SR A4, HAS5) 8 (1) 2D NMR SZ56 33 & Mr (19 #030E
7E 8 112D NMR i v, B 57 BE 08 i AiE 8 A1 4 1 52 42
AR 38,68,150,23-V0 2 3L BUIR A-D SR8 43 45 5 (K
2 fil 3) 4k, HMBC i 7 H,-29 fl H,-30 5 C-19.C-20 1
C-21 W 5 12 m FE4H X5 5, NOESY i 7 H-18 #1 H-19
5 H,-30 i) NOE % X UEAE 5, DA S i B8 S F ik 1) 4k 5
P A LR AT 5 18 & 2400 1A U B R AE B A & 4
TIE B 8 A7 5 3 R ot B = 1) 19a- 12 2 EUAR 1) E 34350
g5 AW 81T (1) CD i it £ 8k (K 6), HEM T AT
A IR -12-45-28-T8 BEAZ B QL 4 nt # 28Y o [A itk
1k &Y 8 (1) 45 K T 52 M 36,68,150,19a,23- T 4 FE- 55 44
R-12-J-28-1%, i 44 N B IR X (uncarinic acid X)o

I It VR O AT, O 5 SRR TE AH SC AL A 1
Lo, St &S 7 0 A 6B,19a- — F 5 -3-
B -24- 2% FH - 5 55 -12- 4% -28- 1 (68,19a-dihydroxy-3-
0x0-24-norurs-12-en-28-oic acid)*’/(9).68,19a- — & £t -
3- 4 -24- F H L - 5RO -12- 4% -28- T2 (68, 19a-dihy-
droxy-3-ox0-24-norolean-12-en-28-oicacid) " (10). 34,
6,190,23- U ¥ 3 - 1% 95 -12- 4% -28- 1% (38,6f3,19a,23-
tetrahydroxyurs-12-en-28-oic acid)™ (11).38,68,194,23-
DU $% 55 - 55 3R -12- 45 -28- TR (3p, 6, 19, 23-tetrahy-
droxyolean-12-en-28-oic acid)®™(12).34,68,23- = % -
5, 957-12-J4 -28-18 (3B,6p,23-trihydroxyurs-12-en-28-oic

Table 3 NMR spectral data (J) for compounds 7 and 8 in
CD,OD. Data (6) were measured at 500 MHz for 'H and at 125
MHz for *C for 7 and at 600 MHz for 'H and at 150 MHz for *C
for 8, respectively. Proton coupling constants (J) in Hz are given in
parentheses. The assignments were based on 'H-'"H COSY, HSQC,
and HMBC experiment

No. ! 8

Oy O Oy O
la  1.60 m 41.6 1.54m 41.5
Ib  1.06 m 0.96 m
2a 1.72m 27.6 1.72m 27.5
2b 1.59m 1.58 m
3 3.90 dd (12.0, 4.0) 77.2 3.55dd (11.4,4.2) 74.1
4 55.6 44.1
5 1.51d(2.0) 53.8 1.17d(1.8) 49.6
6 4.04 brs 71.7 4.38 brs 69.0
7a  1.70 m 41.6 1.95dd (15.0,4.2) 443
7b  1.46m 1.72 m
8 40.4 41.2
9 1.82.dd (11.0, 7.0) 49.8 1.77m 49.1
10 373 37.6
Ila 2.06ddd (18.5,11.0,4.0) 24.7 2.04ddd (18.6,10.2,3.6) 24.8
I1b 1.98 m 2.0l m
12 5.34t(4.0) 125.0 5.411t(3.6) 126.5
13 143.9 145.6
14 43.1 48.9
152 1.67m 29.4 4.09dd (12.0,4.8) 69.6
15b 0.99 m
16a 2.26 dt (4.0, 13.0) 28.6 2.43t(12.0) 384
16b 1.58 m 1.74 m
17 46.7 46.1
18  3.06 brs 452 3.01 brs 45.8
19  3.26 brd (4.0) 82.4 3.25brd (4.2) 82.3
20 36.1 36.1
2la 1.68 m 29.5 1.74m 29.3
21b  1.00 m 0.99 m
22a 1.76 m 340 1.75m 34.0
22b 1.6l m 1.59 m
23a 181.7 3.59d(10.8) 67.0
23b 3.48d (10.8)
24 1.46s 12.7 1.07s 14.0
25 131s 172 131s 17.5
26 1.06s 184 1.10s 19.1
27 1.27s 25.1 1.25s 19.4
28 182.3 182.3
29 093s 28.7 093s 28.7
30 0.96s 252 0.96s 25.0

acid)®”(13).38,68,23- = F 5 -5 HUR-12- 1% -28- 1% (38,
6/3,23-trihydroxyolean-12-en-28-oic acid)"”(14).34,19a-
TR 65 - 13 U5 -12- 45 -28- 1% (3B, 19a-dihydroxy-6-
oxo-urs-12-en-28-oic acid)?’(15).34,19a,23- = £ -6-
-5 JR-12-1%-28-1 (3B,19a-dihydroxy-6-oxo-urs-12-
en-23-o0l-28-oic acid)®"(16) 1 27-F F£ X B K (27-
hydroxyolean-12-en-28-oic acid)*?(17). 1E/7ARH EEH,
9.10.12~14 F1 16 5 SCHR B L5 AH R4 71 A R AL 5
P NMR H 4l 58 4 — 20 SR, 11,15 Rl 17 5 30k iE
AH LAY 1) NMR EUE 35 770 A [5], A7 7E 35 77 2008 i
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7, Forp, 11,1315 F1 17 (19 45849 B H NMR 04 158 43
£ 2DNMR 256 135 B A# AT BB E -

X5 o A A W LE 0 TGF-4 1% 5 11 HSC-T6 4 il
AL, I RAW 264.7 48 73 i TNF-a, 1] LPS 5 3
IR AR /N BRIl B W 40 i NO B, TR FP B AR &
4 22 o545, ##H) HGC27 HCT-116.U87.MCF-7 fl
HepG2 il 83 4 i 184 8 LA K i) Fe™ - B 2 B2 175 5 1Y)
JFFARORE A I I 3 S8 A S5 A A AR T B EAT T A0 T I,
IR BALE )17 76 5 umol-L X} TGF-p % 5 ) HSC-
T6 A v AL LBt — e M HIER (R 4). J4h, RIU
AP 1314 F1 16 TR0 HD% 2 2 H 5555, DL L
GEIR, GEE AU LH 2 W BT 43 5 S R DU 0T 27- B R 1k
S/ EL AR S K A S APAP 51 2 HepG2 41 i 452 497 1) £
PR RN, $IR 27-33 5 R B BRTHE T R S 0GB 1) 24 2K
B, R AR SCIRIE (1) 2 Btk S A O A 28
K PSR R AY F R R R P, (EAS BEHERR 78 At
R b RN AR E I Rt M2, X s g i
Z R R R ORI, FE T R KSR B 1AL
J53 5 BT 75 0] B R e R Th R0 DTk, (B 15l i AR R
FE i 5 it — PR

LIS E S

AUTOPOL V AL Ji 6 il 1€ 4% (3% [H Rudolph 2 ),
Nicolet impact 5700 4 {8 37 M- A% 466 21 4p S 1A (352
Thermo Electron Corporation A &), JASCO V-650 % 4%
ML JJASCO J-815 %4 CD M 5E{X (H A< JASCO 7
), X-5 8 % A A SO E A (AR TE DO RH
HIRAF]), Inova SYS 600 U #% filf L 9= 1X (Varian Asso-
ciates Inc., Palo Aito), Bruker 500600 1 700 % #% i 3%
PRAL (Bruker 2 7]); € i 297 K; Ho 1, 'H NMR LA
IARH B 5, 3.300, JAR A 5, 2.050, °C NMR LAJTR
A EE . 49.00, JiAX A B 5. 29.80 y Z i, Thermo

QExactive Focus 7 Jifi i 1 (3% [E Thermo Fisher Scien-
tific 22 ). SEP LC-52 & /& 20 ¥R AH (0 3 A e %
MWDUV %M I 2% (3835 80 B AL B A IR A A,
Sephadex LH-20 ( %fi 3 Amersham Pharmacia 24 #]),
Toyopearl HW-40C #E JIz # JlI§ ( H A& TOSOH 2 #),
C18MGII At i % . PFP X544 Al CD-Ph F- 14 (i A%
(HAK P E i#E M2 4t), GRACE C18 Al (i i (32
Grace /A1), K fE i (200~300 H) K i 2 i
WERE GF,q, (F SR T AE77). BT 738 o 3
LA, B0 B b A T, G o pr el el e it 4l

B (B 2R T T Ak 2 E 258 i 45, T 2016
A8 F M I R 4 AR B R AR, i S AREI BT A (b
B 22 B 22 e 25 0 FE ) B, AR AR BLAE T b R R
PR B 25 VB T AT AR AR &, B A5 4 No. ID-S-
2753,
1 RBERESE

T 85 7 (97.0 kg) ¥y B 5, FH K I e 3t 42 B3
W, R 2T, BERE .. REZHP-20 KILK IR
FE L 2 B9, AR IR 7K L 50% 2 FE F1 95% 2 EE Ve i, [e]
WA R GBI A~C =# 5. Car (100 g) &bkt
R 2B, DL S e A RE RV R (0%~ 100%, v/v),
BEEEBENL, 22 GBI, &IFEAE] 16 M TH 5
(Ca~Cp) (LA L FRIUORIA) A 43 88 AR i AR DR 4 5L 30
56 ), Cb~Cd Fl R i & I J5 4 Flash C18 #5843
B, 0%~ 100% HY B B6 FE 6 i 43 31 Cb1~Cb26, Cb3~
Cb9 (1.5 g) )i 4 Flash C18 ki 4 B, 0%~ 100% H!
W 56 B W B 75 31 Cb3-1~Cb3-41, Cb3-24 (64.3 mg) &
Toyopearl HW-40C &% I £ €0 3% 4 25, FFEESE M, 753 2
Cb3-24A~H, Cb3-24D (40.3 mg) £ Sephadex LH-20 %
JRE A B o B (A b - — S - FR B, 52501, vany),
33 Cb3-24D1~8, Cb3-24D7 (20 mg) L3 HPLC 43 &
(GRACE C18, 68% %, 3 mL-min™) 13 21k &% 15

Table 4 Inhibition activity of TGF-$ induced HSC-T6 cell activation. All compounds were tested at 5 pmol-L™'; Results are expressed as
means = SD (n = 3). “P < 0.01; *P < 0.05 vs Control; P < 0.05 vs Model

Compound OD value Cell survival/% Compound OD value Cell survival/%
Control 0.761 + 0.056 100.000 Control 0.796 £ 0.015 100.000
Model (10 ng'mL™) 1.057 +0.036% 138.918 Model (10 ng'mL™") 1.053 +0.034" 132.222

1 1.080 + 0.032 141.875 4 1.182+£0.015 148.453
2 1.050 + 0.056 137.972 8 1.170 £ 0.029 146.970
9 1.002 £ 0.036 131.647

10 0.998 + 0.044 131.130

1 1.095 +0.035 143.833

12 1.067 £ 0.025 140.232

13 1.073 £ 0.059 141.007

14 1.037 +0.026 136.272

15 1.019 +0.023 133.850

16 1.065 £ 0.066 139.947

17 0.963 £0.019” 126.592
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(1.88 mg, £, = 33.7 min).9 (3.2 mg, £, = 39.8 min) A1 10
(3.2 mg, 1, = 45.2 min). Cb3-34 (10.8 mg) %4 Toyopearl
HW-40C HEJR AT (3% 7 25, B, 193] Cb3-34A~1,
Cb3-34F (3.5 mg) &1t HPLC 73 & (C18 MG 11, 78%
fi#, 3 mL-min") £ 216 54917 (2.83 mg, £, = 29.6 min).

Cf (2.1 g) & Toyopearl HW-40C #F: (i /) 25, %
e, 555 Cf1~Cfl1. Cf2 (846 mg) £ Flash C18 F: 4
W B, 10%~100% AR FE e 10 459 21 CRRA~C2H.
Cf2E (110 mg) £ HPLC 4 % (GRACE C18, 65% H i,
3 mL-min") 58— MEEY, #— D& HPLC 7
(CD-Ph, 64% H %, 3 mL-min™) 73 24k &4 2 (0.82 mg,
t, = 36.2 min) f116 (0.26 mg, £, = 22.1 min).

Ch (6.5 g) H HBE Vs fift, &R 4RI Y8 5, DB &
Toyopearl HW-40C #E & #1 €0 3% 7 25, W B 3 it , 75 3
Ch1~Ch10. Ch3 (3.7 g) £ Sephadex LH-20 &t i A1 {4
B, FEEVE, 795 Ch3A~Ch3D. Ch3D (845 mg) £
Flash C18 F: i 4359, 0%~100% HEE (5 0.5%0 . . J%)
2 ¥k i 43 2] Ch3D1~Ch3D14, Ch3D5 (450.6 mg) &
Flash IEAHEERR AT (18 4 B, — & br-F I, 200 1~4:1
B FEYEM A3 5] Ch3D5SA~Ch3D5G. Ch3D5G (382.1 mg)
2 it HPLC 4y B (GRACE C18, 68% H %, 3 mL-min™)
23 MR AP Ch3D5G (¢, = 28.7 min) 1 Ch3D5G2
(t, = 31.6 min), Ch3D5G1 # — 4 ik HPLC 43 & (PFP,
66% H ¥, 3 mL-min") 3 2 1L &4 12 (7.55 mg, ¢, =
24.1 min). Ch3D5G2 it — P & i HPLC 4 & (PFP,
66% i, 3 mL-min") 5 2L &4 11 (144 mg, 1, =
17.8 min), Ch3D7 (70 mg) # 47l #% TLC (BIF7]: —
A -HEE, 811, vv) 1B —MEEW (R~ 0.31), i
— %3 HPLC 43 & (PFP, 68% H E¥, & 0.5%0 — % £
%, 3 mL-min") 3 2k 541 (0.51 mg, t, = 21.3 min).
3 (0.42 mg, t, = 24.7 min)~ 13 (14.1 mg, ¢, = 39.5 min)
F114 (9.3 mg, £, = 42.7 min).

Ck (3.7 g) & Flash C18 #: (A3l 73 2, 0%~100% H
B (75 0.5%0 — % L R) 13 ] Ck1~Ck12. Ck8,9 & If
(477.3 mg) 4 Sephadex LH-20 # i ¥ (43 73 85, — &
F - 22 1 i, 75 3] CkSA~CKk8N. Ck8M (44 mg)
23 HPLC 43 B (C18 MG 11, 67% H ¥, 2 mL-min™)
73 | Ck8M1~5, Ck8MS (t, = 31.3 min) £ i HPLC
7y B (PFP, 65% H %, 2 mL-min™") 1§ %] Ck§M5A~D,
Ck8MSD (t, = 20.2 min) £ if HPLC 4> & (CD-Ph,
59% W, 2 mL-min") 13 2] Ck8M5D1~3, Ck8M5D3
(t, = 30.8 min) 4k 4L 43 HPLC 4 & (PFP, 63% H B,
2 mL-min™), Jf 4k 45 {# F§ HPLC 4} b (GRACE CI8,
66% H BE, 2 mL-min") 13 2k &4 4 (0.75 mg, £, =
30.8 min) 18 (3.43 mg, £, = 27.0 min). Ck10 (181 mg)

28 LH-20 HEIRAE (1l 40 B, S b— A EE 20 1 P it
9 % Ck10A~CKk10E, Ck10D (28.7 mg) £ it HPLC /3
B (C18 MG I, 67% %, 2 mL-min™) 5 %] Ck10D1~
3, Ck10D3 (5.0 mg, t, = 35.4 min) f ] HPLC 7 &
(GRACE C18, 61% H%, 2 mL-min™), 3f#—35 fF§ HPLC
alifk, (PFP, 60% Hl%, 2 mL-min™") 75216445 (0.3 mg,
t, = 50.1 min), Ck11 1 Ck12 & I, Fx & 639 mg, &
Sephadex LH-20 %/ A1 41 70 55, S i-FEE2:01
YeMt, 15 ) Ck11A A1 Ck11B, H 7 Ck11B (10.0 mg) £
HPLC 4iift. (GRACE C18, 68% HiZ, 2 mL-min") 75 %
L& W6 (1.65 mg, t, = 34.3 min) A1 7 (1.92 mg, t, =
31.2 min).

EW L AETE TR, [o]y +251.0 (¢ 0.05,
MeOH); UV (MeOH) /. (log &) 204 (4.37), 222 (sh,
4.23) nm; CD (MeOH): 234 (de +30.06) nm; IR v_
3433, 2926, 1695, 1456, 1379, 1208, 1145, 1012,
857, 725 cm™; '"H NMR (CD,0D, 600 MHz). *C NMR
(CD,OD, 150 MHz) ¥4, W. % 1; (+)-HR-ESI-MS m/z
509.324 2 [M+Na]" (C,,H,,O,Na i1 51, 509.323 8).

&9 2: &R 45 f (MeOH), mp > 300 °C; [a]y)
+36.6 (¢ 0.08, MeOH); UV (MeOH) /__ (log &) 206 (3.48),
265 (2.93) nm; CD (MeOH): 200 (4e +7.02) nm; IR v,
3418, 2931,2 877, 1687, 1448, 1383, 1209, 1 145,
1 048,845, 803,728 cm™'; '"H NMR (CD,OD, 700 MHz)
"C NMR (CD,0OD, 175 MHz) ##fi, .5 1; (+)-HR-ESI-
MS m/z 485.326 3 [M+H]" (C,H,.O, 151, 485.326 2).
X-ray ¥ & f7 5 $dE: €, H,,0,%3 (CH,OH), M = 580.77,
B4} i & (monoclinic), a = 12.954 9 (2) A, b=7.972 70
(10) A, c=15.1843 (2) A, a =y = 90°, f = 91.954 0
(10°, V'=1567.41 (4) A’, p =1.231 g-em™, space group
P2, (no.4), T=100.00 (10) K, Z = 2, «(Cu Ka) = 0.694,
W R 18 559 AN HL SR AT S e, o 6 718 AN AL AT S 4
i, R, =0.0312, R, =0.030 1 [[>20(])], wR, = 0.079 2
[I > 2a(D)], R, = 0.031 5 (all data), wR, = 0.080 0 (all
data), F* = 1.059; CCDC 2 219 394,

&3 AT E TR AR, [aly —15.6 (¢ 0.18,
MeOH); UV (MeOH) A (log &) 203 (4.07), 242 (4.34)
nm; CD (MeOH): 243 (de —9.06) nm; IR v 3446,
2931, 2871, 1690, 1456, 1372, 1209, 1145, 1037,
802, 727 cm™; '"H NMR (CD,0D, 600 MHz). "C NMR
(CD,OD, 150 MHz) ¥4, W. % 1; (+)-HR-ESI-MS m/z
511.340 1 [M+Na]" (C,,H,,O,Na i1 518, 511.339 4).

&P 4 BTG E R K, [a]f) +8.0 (¢ 0.08,
MeOH); UV (MeOH) /__(log €) 203 (6.56), 284 (5.78);

max

CD (MeCN): 219 (de =1.76) nm; IR v 3401, 3 000,
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1683,1447,1379,1206,1143,1 034,724cm™; 'HNMR
(CD,0D, 600 MHz). "C NMR (CD,0D, 150 MHz) %1
Y5, W3 2; (+)-HR-ESI-MS m/z 543.328 9 [M+Na] "
(C,H, O NatH5 41, 543.329 2).

&S BB IEE AR [aly —4.1 (c 0.27,
MeOH); UV (MeOH) 4, (log &) 203 (6.68) nm; CD
(MeCN): 214 (de —3.49), 301 (de —0.07) nm; IR v__
3443, 2973, 2931, 1697, 1457, 1383, 1258, 1199,
1157,1 110 cm™; 'TH NMR (CD,0D, 600 MHz)."*C NMR
(CD,0OD, 150 MHz) %45, W% 2. (+)-HR-ESI-MS m/z
541.313 7 [M+Na]" (C,,H,,O,Na it 51, 541.313 6).

& 6: H 6 E TEH K [alp +23.6 (¢ 0.17,
MeOH); UV (MeOH) 4, (log &) 204 (6.58); CD
(MeCN): 222 (4e =2.12) nm; IR v, 3 397, 2 936, 2 875,
1689, 1461, 1400, 1270, 1234, 1159, 1075, 1029,
1 004, 960 cm™; '"H NMR (CD,0D, 500 MHz).""C NMR
(CD,OD, 125 MHz) ¥ #, W.% 2; (-)-HR-ESI-MS m/z
517.316 9 [M-H] (C,,H,,0, 11 %A, 517.316 0).

AW 7: T %R 45 (MeOH), mp > 300 °C;
[a]? +24.0 (¢ 0.19, MeOH); UV (MeOH) 4_ (log ¢)

204 (6.58); CD (MeCN): 219 (de —2.63) nm; IR v__
3427, 2935, 2877, 1698, 1457, 1380, 1239, 1203,
1147, 1 069, 1 046, 1028, 923 cm; '"H NMR (CD,0D,
500 MHz)."°C NMR (CD,OD, 125 MHz) ¥4, .3 3;
(-)-HR-ESI-MS m/z 517.317 0 [M-H]  (C,,H,;0, T &
18, 517.316 0). X-ray . & fi7 5 £ % : C, H,,0,, M =
518.67, 1IEAZ it % (orthorhombic), a=11.501 2 (2) A, b =
146346 (2) A, c=158357 Q) A, a=L=y=90°, V=
2665.39 (7) A’, p = 1.293 g-cm™, space group P212 2,
(n0.19), T=100.00 (10) K, Z = 4, u(Cu Ka) = 0.729, Y&
£ 25 533N ERL AT, Horh 5 401 AN AT RO,
R = 00333, R, =0.03161 [I>2a(])], wR, = 0.083 0
[I > 20(])], R, = 0.033 2 (all data), wR, = 0.084 2 (all
data), F* =1.057; CCDC 2 219 393,

AW 8 1 E KR oK [alf) +7.0 (¢ 0.34,
MeOH); UV (MeOH) /__ (log &) 204 (6.80); CD (MeCN):
217 (de —=2.26) nm; IR v__ 3408, 2934, 1682, 1455,
1204, 1144, 1004,807, 723 cm; 'H NMR (CD,0D,
600 MHz). ""C NMR (CD,OD, 150 MHz) %, W.3% 3;
(+)-HR-ESI-MS m/z 543.329 0 [M+Na]" (C,,H,,O,Na it
HAY, 543.329 2),

2 TGF-$iES HSC-T6 4 BE5E L B HIH 5 M i ik

HSC-T6 40 Jiil LL A& 2 Tt 8x10* M 7T 96 FL4T i
ELFEp, 4L 100 L, 1597 24 hj, IS [ BE 1
R 32 R, A B A IR . R 3 AN AT AL .

ZiE UM 24 h 5, 7 AR IR, BEFLINN B G I3
DMEM B 1| 1] MTT (0.5 mg-mL™") ¥ 100 pL, 4k % 5
74 h, 3 XL MTT i, FFLIMA DMSO 150 uL, i % ik
G5k 10 min, TEEFR{X (!5 Multiskan FC) 570 nm
BRI E WO C R . AT 2 (%) = 452540/ OD
SPEE /R0 R4 R OD ~F- 241 {E < 100%

HSC-T6 41 Jitd 2 Fh T 96 £L 40 J 15 77 i b, £ 7%
24 h)G, IMNTC 8 R FE AR DAL &9 e TGF-B (AR BE
10 ng-mL", [RIIFBE 725 AN IR ZH R AB AR A . 4k 54
A 24 ho FF LT, FFLIMAMTT (0.5 mgmL™)
100 uL, k25555 4 h, 75 MTT W, BFLIMA DMSO
150 pL, #RG IR G 28R, T BEFRX 570 nm P AL Wl 2
WO . ANIAEIE R (%) = 42540 OD V-3 {E /57 %t
HRZH OD P HIE*100%. FHdedl G4 S sgn s R WK 4.

YE& Tk A DS SEIR WETE VAR AT, LA OSCE )
16 0 R E ey 58K 2 11 T SE SR R 5 B 20 BT B S B G
Tk U8 A7 5 A0 2 SIS S S SCE IR BE S 5 B /N iR AR ST
TR, BEESH T HM MY 5 %Sk IhVE 55T
TGF- 175 5 ¥ HSC-T6 4H M i A4 7% 1 PP 4% i 18 A 2k A AR
BT Rl SR

FIEE MR fE35 B R &R .
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