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Chemical constituents from the roots of Rhaponticum uniflorum and their protein
tyrosine phosphatases inhibitory activity
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ABSTRACT: AIM To study the chemical constituents from the roots of Rhaponticum uniflorum and their protein
tyrosine phosphatases ( PTPs) inhibitory activity. METHODS  Separation and purification were performed using
silica gel, medium pressure ODS, Sephadex LH-20, macroporous resin and preparative HPLC, then the structures
of obtained compounds were identified by physicochemical properties and spectral data. The PTPs inhibitory activity
was evaluated by p-NPP method. RESULTS Twenty compounds were isolated and identified as ecdysterone
(1), carthamosterone (2), ajugasterone C (3), 25S-inokosterone (4), (24R, 25R) -amarasterone A (5),
turkesterone (6), 22-0x0-20-hydroxyecdysone (7), 1la-hydroxypoststerone (8), 20-hydroxyecdysone-3-acetate
(9), (+) -1-hydroxypinoresinol-1-0O-B-D-glucoside ( 10 ), isovitexirone ( 11), (24R) -l1la, 20, 24-
trihydroxyecdysone ( 12 ), makisterone C ( 13 ), rhapontisterone R1 (14 ), rhapontisterone ( 15),

demethyltraxillagenin (16) , 4-demethyltraxillaside (17), kaempferitrin (18) , arctinol A (19), coniferin (20).
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ICy, values of compounds 1-2, 5 and 13 on T-cell PTP (TCPTP), PTP1B and non receptor type PTC ( MEG2)
were 1.37-25.9 nmol/L. CONCLUSION Compounds 2, 4-5, 7-8, 10-12 and 16-20 are isolated from this
plant for the first time. Compounds 1-2, 5 and 13 have significant inhibitory activity against TCPTP, PTP1B and

MEG2, and 5 is highly selective against MEG2.

KEY WORDS: Rhaponticum uniflorum (L.) DC.; roots; ecdysteroids; isolation and identification; protein

tyrosine phosphatases ( PTPs) ; inhibitory activity

AR MU 5 Rhaponticum uniflorum (L.) DC. K
BRI AR ALY, EEAALENAL, NS
T, FHWE, NP, ARG, RAEYE. b
RN BURAR . PR g v, BRI R, AR
MU A8 7T B0 LPS 5 S /N BUR B AR fb, s
RAER N, HEM W] B85 85 TLR4/NLRP3 {55 % i
HeAg ) HARAY 2 AR B T8 it MAPK ., NF-
KB 3 I 2 it LR ROREAR ' H AR 6 RN AL
WFIE BRI, AR B BAA ol o 4 4 2 A
&Y, HIL bR, JCHR IS MY A FR R
ABE

PR FT I LLT 40 R AR R B R
(TCPTP) SHHE 50 48 )M I 2 $2 ey, R 2,
P HE Y v] 046 B35 4 . TCPTP & F 2 M A
WERRREE (PTPs) K%K, PTPs fEIKNS 5 Z RS
ARy, SRR MR RERGEBIRA G, ©
B ARSI IR YT 20 s I . L, ARBIFSR
XA M s 7 KR 95% £ W BB AL 4 b2 1 43 i AT 43 2
YerE, JEXTIL PTPs MHIG AT I, LA X
M 25 B M. VE ML, A % 24 1 BF 9T 4R 40t
A
1

Bruker 600 #% i SR (FEE A& LA )
Brix (R K, WSRO Y (AL s A
FRAT]) s Waters 2695-2996 =5 4% Wi AH (0 3% 4L (3%
[E Waters A H] ) 3 CX31 2 W65 ( HZR Olympus
NF) 5 S180E A AL Ak 55 24 (22 [ Nuaire 24
Ay WK AR (it Tecan A H]); 3200Q
TRAP i (SEEFEBR CH/RBHE A F]) 5 Triple
TOF 5600+ 5573 HE PU AT B 56 CATH ] B A (98
[ AB SCIEX 2~ ), R (FSWEAeTH
FRAAHE]) ; HP-20 KALMAR ( HAR =354 AH])
Sephadex LH-20, ODS ( 3 Pharmacia A #] ) .
TCPTP, PTP1B, JE3Z{A%I PTP (MEG2) . TPT C
RIZAK (CD45) . PTP (SHP1) . 32K 1R
R S (PTP sigma) | [ 20 M (19T B AH G B 192 il
(LAR) . ACA484 (At 254 BI#T 250 58 kA R

TALAHE]) , WEE, N (s, K| E 78
ML TARAF) ; R (kb T
AR BB AT BRAS W) 5 Xl S R i R — 4 £
(p-NPP) [PUEAMFEL (b)) BirARA
Al HoAth R B A A Al

ABMITR AT TR T 2020 4RI { [ dL 2, 2
AU BB K 2 A 22 O 2 v S U S e M A R
Y Rhaponticum uniflorum (L.) DC BTHEAR, FEiE
FRA (45 2020-1) PRAF T L BB} K24 2524 B
RIRGYIb 2SR %

2 REEHNE

IR MU 2 AR 20 ke, BYEE, A 95% &
Bl PEI 2 Ik, PREURWUE SR, RIRRE ., &’
BINZERK T BUE , WK AWMEE, —& P, &
W2 CTEAEHL, 43453 150, 70, 70 g ZEBGH A )
300 g /KAH,

TR (70 g) RAEERAE AT R
DL - E (98 5 2~0: 100) BREFVEML, 15
#]20 M (Fr. 1~Fr.20), Fr. 17 (1g) #rifiik
WOLE N, 4l HPLC (FshHl 37% Wi, A
WA 210 nm) 538, BALEW 16 (9.9 mg, ¢, =
29.7 min) ,

LR CTRTFAL (80 g) R HIHE AL FEAT 7355,
DI P be-FEE (100 1 0~0 : 100) 46 3 Bk i
25 NS> (Fro1~Fr.5), Fr.2 (18 g) RHGE
AR AT 4y B, DA A W e-H B (98 1 2~0 ¢
100) #f BE VR, £ TLC ¥ iR 18 3] 6 4 W 4
(Fr.2.1~Fr.2.6), Fr.2.3 £i# HPLC 4fifk, LI
20% ~ 45% NG A FEPERL 40 min, R EL G 1
(168.5 mg, t; =15.7 min), 2 (45.2 mg, t; =
20.5 min) . 3 (145.8 mg, /4, =30.2 min); Fr.2.5
241 #5 HPLC 4355, LA 18% ~40% 256 EE YA 35
min, BiE&Y 4 (123.5 mg, ¢, =12.7 min) , §
(55.7 mg, t,=15.8 min), 6 (12.5 mg, #,=28.5
min) , Fr.3 £ ODS #:40&, DIFEE-/K (0 :
100~ 100 : 0) BFREEVEM 6 h, 153 9 4
(Fr.3-1~Fr.3-9), Fr.3-8 #iiifb & ¥ 7 (88.6
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mg); Fr.3-97HILAY 8 (15.6 mg), Fr.4 Zf4iE
WERE s, A BE-FBE(100 : 0~0 @ 100) H6
FEVERG, 53] 14 N4> (Fr. 4-1~Fr. 4-14) | Fr. 4-
12 24145 HPLC 2085, LA 15% ~45% i8R R
40 min, 8LEW9 (22.6 mg, 1,=11.5 min) , 10
(17.2 mg, t; =15.7 min), 11 (13.4 mg, i, =
33.4 min), Fr.5 SRR, DL b
(98 : 2~0 : 100) ®BEEVEME, 152 5 W
(Fr.5-1~Fr.5-5), Fr.5-4 244 HPLC 4lifk, LA
10% ~ 55% & i #6 FE VR 45 min, 750G %) 12
(8.6 mg, t;=21.4 min), 13 (17.9 mg, t,=39.5
min) , KMERE (300 ¢) & FHEE, #Hokgs
LY 120 ¢, & & ODS #4385, DIH E-/K
(0:100~100 : 0) BREEVEME 24 h, 153 20
(Fr.1~Fr.20), Fr.5 (825.6 mg) Z#l4 HPLC
alifk, LA 15% ~35% CHEHEEE VR 40 min, #3465
Y14 (25.7 mg, t, =18.4 min) . 15 (35.9 mg,
1,=32.3min), Fr.7 (1.5g) %% HPLC 4fifk,
PL10% ~35% g R EEBE L 40 min, 151654 17
(43.6 mg, t; = 18.5 min), 18 (17.8 mg, i, =
35.4min), Fr.15 (2.3 g) %l 4 HPLC 4k,
) 38% ZJEVEME 30 min, L& 19 (57.9 mg,
ty=12.8 min) , 20 (77.3 mg, t,=22.5 min), il
# HPLC (AR &= 40 20 mL/min; 75 JOHF IR UL
WY, AR 3R 254 nm,
3 GHETE

EW 1. AEEIREH (MeOH), ESI-MS
m/z: 481.3 [M+H]*,'"H-NMR (600 MHz, CD,0D)
8:5.80 (1H, d, J=2.6 Hz, H-7), 3.94 (1H,
q, J=3.0 Hz, H-3), 3.83 (1H, di, J=12.0,
4.5, 3.2 Hz, H-2), 3.14 (1H, ddd, J=11.2,
7.1, 2.6 Hz, H-9), 2.41 (1H, dd, J=13.2,
4.4 Hz, H-17), 2.38 (1H, dd, J=13.2, 4.8
Hz, H-5), 2.13 (1H, td, J=13.0, 13.0, 4.8
Hz, H-12a), 1.20 (3H, s, H-27), 1.19 (3H,
s, H-26), 1.18 (3H, s, H-21), 0.96 (3H, s,
H-19), 0.89 (3H, s, H-18); "“C-NMR ( 150
MHz, CD,0D) &: 37.4 (C-1), 68.7 (C-2),
68.5 (C-3), 32.9 (C-4), 51.8 (C-5), 206.5
(C-6), 122.2 (C-7), 160.8 (C-8), 35.1 (C-
9), 39.3 (C-10), 21.5 (C-11), 32.5 (C-12),
49.0 (C-13), 85.2 (C-14), 31.8 (C-15), 21.6
(C-16), 50.5 (C-17), 18.1 (C-18), 24.5 (C-
19), 77.9 (C-20), 21.1 (C-21), 78.4 (C-22),
108

27.4 (C-23), 42.4 (C-24), 71.3 (C-25), 29.0
(C-26), 29.8 (C-27), ZALGWEIE 530k [7]
HIEBEA 3, O W e T

L&Y 2. HEOEIRESH (MeOH) |, ESI-MS
m/z: 519.3 [ M + H]".,'"H-NMR ( 600 MHz,
CD,0D) &: 5.93 (1H, s, H-28), 5.82 (1H,
d, J=2.5Hz, H-7), 3.95 (1H, ¢, J=3.0 Hz,
H-3), 3.83 (I1H, dt, J=12.0, 4.4, 3.9 Hz, H-
2), 3.71 (1H, d, J=10.5 Hz, H-22), 3.14
(1H, ddd, J=11.7, 7.0, 2.7 Hz, H-9), 2.58
(1H, dd, J=10.5, 6.4 Hz, H-23a), 2.38 (1H,
dd, J=13.2, 4.4 Hz, H-5), 2.36 (1H, dd, J=
13.3, 4.4 Hz, H-17), 2.28 (1H, dd, J=10.5,
6.4 Hz, H-23b), 2.15 (1H, d, J=13.3, 8.2,
4.8 Hz, H-12a), 1.83 (1H, dd, J=13.6, 4.4
Hz, H-la), 1.47 (3H, s, H-26), 1.47 (3H,
s, H-27), 1.44 (1H, dd, J=4.4, 3.9 Hz, H-
1b), 1.27 (3H, s, H-21), 0.97 (3H, s, H-
19), 0.91 (3H, s, H-18);"C-NMR (150 MHz,
CD,0D) &; 37.3 (C-1), 68.7 (C-2), 68.4 (C-
3), 32.8 (C-4), 51.7 (C-5), 206.4 (C-6),
122.3 (C-7), 167.5 (C-8), 35.0 (C-9), 39.2
(C-10), 21.5 (C-11), 32.4 (C-12), 48.6 (C-
13), 85.3 (C-14), 31.8 (C-15), 21.6 (C-16),
50.4 (C-17), 18.0 (C-18), 24.4 (C-19), 77.4
(C-20), 21.1 (C-21), 75.5 (C-22), 30.6 (C-
23), 174.9 (C-24), 89.7 (C-25), 25.0 (C-
26), 24.8 (C-27), 115.4 (C-28), 178.8 (C-
29) . AL AW EGE S ok (8] fiA FE A —3K,
1Y 5E N carthamosterone

&Y 3. IREEE RS (MeOH) , ESI-MS
m/z; 481.3 [ M + H]".,'"H-NMR ( 600 MHz,
CD,0D) &; 5.80 (1H, dd, J=2.7, 0.9 Hz, H-
7), 4.10 (1H, ddd, /=10.8, 9.0, 6.1 Hz, H-
11), 4.01 (1H, dt, J=11.8, 4.2, 3.7 Hz, H-
2), 3.96 (1H, q, J=3.0 Hz, H-3), 3.22 (1H,
dd, J=10.5, 1.9 Hz, H-22), 3.15 (1H, dd,
J=9.0, 2.7 Hz, H-9), 2.58 (1H, dd, J=12.9,
4.2 Hz, H-la), 2.41 (1H, dd, J=9.6, 8.0 Hz,
H-17), 2.33 (1H, dd, J=13.2, 4.0 Hz, H-5),
2.21 (1H, dd, J=12.3, 10.6 Hz, H-12a), 2.15
(1H, dd, J=12.3, 6.1 Hz, H-12b), 1.38 (1H,
dd, J=12.9, 11.8 Hz, H-1b), 1.19 (3H, s,
H-21), 1.05 (3H, s, H-19), 0.92 (3H, d,
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J=6.0 Hz, H-27), 0.91 (3H, d, J=6.0 Hz, H-
26), 0.87 (3H, s, H-18);"C-NMR (150 MHz,
CD,0D) &: 39.0 (C-1), 68.9 (C-2), 68.5 (C-
3), 33.2 (C-4), 52.7 (C-5), 206.7 (C-6),
122.7 (C-7), 165.7 (C-8), 42.9 (C-9), 39.9
(C-10), 69.5 (C-11), 43.7 (C-12), 48.5 (C-
13), 84.9 (C-14), 31.8 (C-15), 21.5 (C-16),
50.2 (C-17), 18.9 (C-18), 24.7 (C-19), 77.8
(C-20), 21.0 (C-21), 77.9 (C-22), 30.4 (C-
23), 37.6 (C-24), 29.2 (C-25), 22.8 (C-26),
23.5 (C-27), ZAbEW B S5 3CHk [7] B
A—F, W E N E R RER C

& 4. AEEIREH (MeOH), ESI-MS
m/z: 481.3 [ M + H]".,'"H-NMR ( 600 MHz,
CD,0OD) 6: 5.81 (1H, d, J=2.6 Hz, H-7),
3.95 (1H, q, J=3.0 Hz, H-3), 3.84 (1H, dt,
J=12.0, 4.7, 3.8 Hz, H-2), 3.46 (1H, dd,
J=10.7, 5.5 Hz, H-26a), 3.33 (1H, dd, J=
10.3, 1.6 Hz, H-22), 3.20 ( 1H, ddd, J =
11.6, 7.3, 2.5 Hz, H-9), 2.43 (1H, dd, J=
13.1, 4.5 Hz, H-5), 2.38 (1H, t, J=9.2 Hz,
H-17), 2.21~1.92 (2H, m, H-12), 1.79 (1H,
dd, J=13.5, 4.7 Hz, H-1b), 1.18 (3H, s, H-
21), 0.97 (3H, s, H-19), 0.94 (3H, d, J=
6.7 Hz, H-27), 0.89 (3H, s, H-18);" C-NMR
(150 MHz, CD,OD) 6. 37.4 (C-1), 68.7 (C-
2), 68.5 (C-3), 32.9 (C-4), 51.8 (C-5),
206.5 (C-6), 122.2 (C-7), 167.9 (C-8), 35.1
(C-9), 39.3 (C-10), 21.5 (C-11), 32.5 (C-
12), 50.0 (C-13), 85.3 (C-14), 31.8 (C-15),
21.5 (C-16), 50.5 (C-17), 18.1 (C-18), 24.4
(C-19), 77.8 (C-20), 21.0 (C-21), 78.2 (C-
22), 30.2 (C-23), 32.1 (C-24), 37.1 (C-25),
68.2 (C-26), 17.5 (C-27), ZALEYBIES X
BRO[9] HiEHA—F, R 25S-A4- IR,

&Y 5. R ORREE S (MeOH) , ESI-MS
m/z: 509.4 [ M + H]".,"H-NMR ( 600 MHz,
CD,0D) &: 5.81 (1H, d, J=2.6 Hz, H-7),
3.94 (1H, q, J=3.0 Hz, H-3), 3.84 (1H, dt,
J=12.0, 4.6, 3.3 Hz, H-2), 3.50 (1H, dd,
J=11.1, 7.2 Hz, H-26a), 3.46 (1H, dd, J=
10.6, 2.0 Hz, H-22), 3.40 (1H, dd, J=11.1,
6.8 Hz, H-26b), 3.15 (1H, ddd, J = 11.5,
7.1, 2.6 Hz, H-9), 2.39 (1H, dd, J=13.0,

4.4 Hz, H-5), 2.34 (1H, t, J=9.0 Hz, H-17),
2.12 (1H, dd, J=9.8, 8.4 Hz, H-12a), 1.79
(1H, dd, J=13.4, 4.6 Hz, H-la), 1.18 (3H,
s, H-21), 0.97 (3H, s, H-19), 0.94 (3H, t,
J=7.4 Hz, H-29), 0.89 (3H, s, H-18), 0.78
(3H, d, J=7.0 Hz, H-27);”C-NMR (150 MHz,
CD,0D) &: 37.3 (C-1), 68.7 (C-2), 68.5 (C-
3), 32.8 (C-4), 51.8 (C-5), 206.5 (C-6),
122.1 (C-7), 167.9 (C-8), 35.1 (C-9), 39.3
(C-10), 21.5 (C-11), 32.5 (C-12), 49.0 (C-
13), 85.2 (C-14), 31.8 (C-15), 21.5 (C-16),
50.3 (C-17), 18.1 (C-18), 24.4 (C-19), 78.0
(C-20), 20.9 (C-21), 75.7 (C-22), 32.0 (C-
23), 37.8 (C-24), 37.6 (C-25), 66.7 (C-26),
11.5 (C-27), 25.4 (C-28), 12.3 (C-29), %tk
YRR S CER [10] B EEA -3, R
SUEH T A
EW 6. IREFEBURCRZS & (MeOH) , ESI-
MS m/z: 497.1 [M+H]".,'"H-NMR (600 MHz,
CD,0D) &: 5.71 (1H, d, J=2.6 Hz, H-7),
4.11 (1H, ddd, J = 15.8, 10.0, 6.6 Hz, H-
11), 3.92 (1H, dt, J=11.3, 4.3 Hz, H-2),
3.87 (1H, brd, J=2.1 Hz, H-3), 3.32 (1H,
d, J=10.5 Hz, H-22), 3.15 (1H, dd, J=8.6,
1.7 Hz, H-9), 2.58 (1H, dd, J=12.9, 5.0 Hz,
H-la), 2.41 (1H, t, J=8.2 Hz, H-17), 2.24
(1H, dd, J=13.0, 3.9 Hz, H-5), 2.22 (1H,
dt, J=12.0 Hz, H-12a), 2.15 (1H, dd, J=
12.0, 6.3 Hz, H-12b), 1.80~1.60 (2H, m, H-
24), 1.63 ~1.45 (2H, m, H-23), 1.38 (1H,
dd, J=12.9, 12.9 Hz, H-1b), 1.21 (3H, s,
H-27), 1.19 (3H, s, H-26), 1.12 (3H, s, H-
21), 0.96 (3H, s, H-19), 0.87 (3H, s, H-
18);"” C-NMR (150 MHz, CD,0D) &: 39.0 (C-
1), 68.9 (C-2), 68.5 (C-3), 33.2 (C4),
52.7 (C-5), 206.7 (C-6), 122.7 (C-7), 165.8
(C-8), 42.8 (C-9), 39.9 (C-10), 69.5 (C-
11), 43.7 (C-12), 48.5 (C-13), 84.8 (C-14),
31.8 (C-15), 21.5 (C-16), 50.3 (C-17), 18.9
(C-18), 24.7 (C-19), 77.8 (C-20), 21.0 (C-
21), 78.3 (C-22), 27.3 (C-23), 42.3 (C-24),
71.3 (C-25), 29.0 (C-26), 29.8 (C-27), %tk
BYEIR S CHR [11] MEEA B, BEER
A T S
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&Y 7. IREGPRCIREE S (MeOH) , ESI-
MS m/z: 479.2 [M+H]",'"H-NMR (600 MHz,
CD,0OD) 6: 5.79 (1H, d, J=2.3 Hz, H-7),
3.96 (1H, brs, H-3), 3.84 (1H, dt, J=11.8,
4.3, 3.7 Hz, H-2), 3.16 (1H, ddd, J=11.4,
7.5, 2.7 Hz, H-9), 2.67 (1H, t, J=9.2 Hz,
H-17), 2.38 (1H, dd, J=12.8, 4.3 Hz, H-5),
2.23 (1H, dt, J=13.0, 13.0, 4.9 Hz, H-12a),
1.84 (1H, m, H-12b), 1.40 (3H, s, H-21),
1.20 (6H, s, H-26, 27), 0.96 (3H, s, H-
19), 0.86 (3H, s, H-18) ;" C-NMR (150 MHz,
CD,0D) &: 37.4 (C-1), 68.7 (C-2), 68.5 (C-
3), 32.7 (C-4), 51.8 (C-5), 206.4 (C-6),
122.2 (C-7), 167.6 (C-8), 35.1 (C-9), 39.3
(C-10), 21.7 (C-11), 32.5 (C-12), 49.0 (C-
13), 85.2 (C-14), 31.8 (C-15), 21.5 (C-16),
51.6 (C-17), 17.9 (C-18), 24.4 (C-19), 82.0
(C-20), 25.4 (C-21), 217.3 (C-22), 32.9 (C-
23), 38.2 (C-24), 70.7 (C-25), 29.2 (C-26),
29.2 (C-27), ZALE MBI 5 3CHR [8] il Kk
AR—F, BORERE N 22-FFE-20- 505 H7 {55 R

L5 8. Wk ARE A (MeOH), ESI-MS
m/z: 479.2 [ M + H]".,'H-NMR ( 600 MHz,
CD,0D) &: 5.81 (1H, d, J=2.6 Hz, H-7),
4.07 (1H, ddd, J=10.9, 9.0, 5.8 Hz, H-11),
4.01 (1H, dt, J=11.9, 4.2, 3.8 Hz, H-2),
3.96 (1H, q, J=3.0 Hz, H-3), 3.35 (1H, dd,
J=9.4, 8.1 Hz, H-17), 3.18 (1H, dd, J=9.0,
2.7 Hz, H-9), 2.59 (1H, dd, J=13.0, 4.2 Hz,
H-la), 2.34 (1H, dd, J=13.2, 3.9 Hz, H-5),
2.40 (1H, t, J=11.5 Hz, H-12a), 2.16 (3H,
s, H-21), 2.08 (1H, dd, J=11.5, 5.8 Hz, H-
12b), 1.77 (1H, wd, J=14.1, 2.4 Hz, H-4a),
1.70 (1H, m, H-4b), 1.38 (1H, t, J=12.4
Hz, H-1b), 1.05 (3H, s, H-19), 0.60 (3H,
s, H-18);"C-NMR (150 MHz, CD,0D) §: 39.2
(C-1), 69.1 (C-2), 68.6 (C-3), 33.4 (C-4),
53.0 (C-5), 206.6 (C-6), 123.2 (C-7), 164.4
(C-8), 43.1 (C-9), 40.0 (C-10), 69.4 (C-
11), 42.2 (C-12), 48.6 (C-13), 84.8 (C-14),
32.2 (C-15), 22.3 (C-16), 60.0 (C-17), 18.4
(C-18), 24.7 (C-19), 212.3 (C-20), 31.6 (C-
21) . iAW EIE Sk [12] B HEA—3,
% 5E A 11 a-hydroxypoststerone
110

& 9. AEEIRY & (MeOH), ESI-MS
m/z: 523.2 [ M + H]".,'"H-NMR ( 600 MHz,
CD,0OD) 6: 5.82 (1H, d, J=2.6 Hz, H-7),
5.14 (1H, q, J=3.0 Hz, H-3), 3.97 (1H,
ddd, J=12.1, 4.4, 3.9 Hz, H-2), 3.16 (IH,
ddd, J=11.7, 7.0, 2.6 Hz, H-9), 3.32 (1H,
dd, J=10.6, 1.0 Hz, H-22), 2.21 (1H, dd,
J=13.0, 4.4 Hz, H-5), 2.14 (1H, u, J =
13.0, 13.0, 4.9 Hz, H-12a), 2.11 (3H, s, H-
29), 1.92 (1H, dd, J=13.6, 4.4 Hz, H-la),
1.89 (1H, m, H-12b), 1.43 (1H, dd, J =
13.6, 12.1 Hz, H-1b), 1.20 (3H, s, H-27),
1.19 (6H, s, H-21, 26), 0.99 (3H, s, H-
19), 0.89 (3H, s, H-18);”C-NMR (150 MHg,
CD,0D) &: 38.4 (C-1), 67.0 (C-2), 71.8 (C-
3), 30.3 (C-4), 52.5 (C-5), 205.4 (C-6),
122.0 (C-7), 168.3 (C-8), 35.2 (C-9), 39.2
(C-10), 21.5 (C-11), 32.5 (C-12), 48.6 (C-
13), 85.2 (C-14), 31.8 (C-15), 21.6 (C-16),
50.5 (C-17), 18.1 (C-18), 24.4 (C-19), 77.9
(C-20), 21.1 (C-21), 78.4 (C-22), 27.3 (C-
23), 42.4 (C-24), 71.3 (C-25), 29.0 (C-26),
29.7 (C-27), 172.6 (C-28), 21.2 (C-29), %
AW S5 3CHR [7] Mo RA —2, SEe
20-hydroxyecdysone-3-acetate ,

6 W) 10. IR B 68 KR E R (MeOH ),
ESI-MS m/z: 537.2 [M+H]*,"H-NMR (600 MHz,
CD,0D) &; 7.11 (1H, s, H-2"), 7.04 (1H, s,
H-2'), 6.87 (2H, m, H-5', 5"), 6.81 ( IH,
d, J=8.2 Hz, H-6"), 6.73 (1H, d, J=8.2 Hz,
H-6'), 4.69 (1H, s, H-6), 4.58 (1H, s, H-
2), 4.49 (1H, t, J=8.6 Hz, H-1), 4.34 (1H,
d, ] =7.8 Hz, H-1"), 3.80 (1H, dd, J=5.9,
3.3 Hz, H-4"), 3.68 (1H, dd, J=11.9, 2.3
Hz, H-3"), 3.52 (1H, dd, J=11.9, 5.7 Hz,
H-2"), 3.40 (1H, m, H-6"), 3.15 (2H, m,
H-4, 8);" C-NMR (150 MHz, CD,0D) &: 99.3
(C-1), 90.1 (C-2), 71.3 (C-4), 60.4 (C-5),
86.9 (C-6), 74.9 (C-8), 128.7 (C-1"), 133.2
(C-1"), 114.2 (C-2"), 110.8 (C-2"), 147.4
(C-3"), 149.4 (C-3"), 147.6 (C-4'), 148.5
(C-4"), 116.4 (C-5"), 115.3 (C-5"), 122.5
(C-6"), 120.0 ( C-6"), 100.2 ( C-1"), 73.3
(C-2")y, 78.1 (C-3"), 72.3 (C-4"), 78.4 (C-
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5"y, 62.6 ( C-6"), 56.6 ( OCH, ), 56.7
(OCHy) . ZAL WA 53CHk [13] B A —
B, BEEN (+) -1-REMIEEE 1-0-B-D-Hi
%W

EW 11, A ARRE A (MeOH), ESI-
MS m/z: 479.2 [M+H]",'"H-NMR (600 MHz,
CD,0OD) 6. 5.81 (1H, d, J=2.6 Hz, H-7),
4.72 (1H, m, H-27a), 4.58 (1H, m, H-27b),
3.95 (1H, q, J=3.0 Hz, H-3), 3.84 (1H, dt,
J=11.8, 3.9, 3.5 Hz, H-2), 3.32 (1H, dd,
J=10.6, 1.6 Hz, H-22), 3.31 (1H, dd, J=
9.0, 2.8 Hz, H-9), 2.58 (1H, dd, J=13.6,
2.3 Hz, H-la), 2.39 (1H, t, J=9.0 Hz, H-
17), 1.43 (1H, dd, J=13.6, 12.1 Hz, H-1b),
1.19 (3H, s, H-21), 0.96 (3H, s, H-19), 0.87
(3H, s, H-18); “C-NMR (150 MHz, CD,0D)
8:39.6 (C-1), 68.6 (C-2), 68.3 (C-3), 32.8
(C-4), 52.4 (C-5), 207.0 (C-6), 122.4 (C-
7), 165.7 (C-8), 42.6 (C-9), 38.6 (C-10),
69.2 (C-11), 43.3 (C-12), 48.2 (C-13), 84.7
(C-14), 31.4 (C-15), 21.1 (C-16), 49.9 (C-
17), 18.6 (C-18), 24.3 (C-19), 76.8 (C-20),
20.6 (C-21), 77.8 (C-22), 30.4 (C-23), 35.8
(C-24), 146.6 (C-25), 110.6 (C-26), 22.5
(C-27), ZibEWEHE S5 3Cmk [8] i HEA —
B, WK SE S isovitexirone,

&Y 12, REORAELE R (H,0), ESI-MS
m/z: 513.2 [M+H]",'"H-NMR (600 MHz, D,0)
8: 5.80 (1H, d, J=2.4 Hz, H-7), 4.05 (1H,
m, H-2), 3.92 (1H, brs, H-3), 3.92 (1H,
brd, J=7.1Hz, H-9), 2.31 (1H, dd, J=12.1,
3.9 Hz, H-5), 1.11 (3H, s, H-27), 1.05
(3H, s, H-26), 1.03 (3H, s, H-21), 0.92
(3H, s, H-19), 0.68 (3H, s, H-18);" C-NMR
(150 MHz, D,0) &: 38.6 (C-1), 68.1 (C-2),
67.3 (C-3), 31.5 (C-4), 51.1 (C-5), 208.2
(C-6), 121.7 (C-7), 165.1 (C-8), 41.2 (C-
9), 37.0 (C-10), 67.0 (C-11), 41.6 (C-12),
47.0 (C-13), 84.3 (C-14), 30.2 (C-15), 19.2
(C-16), 48.6 (C-17), 17.6 (C-18), 23.1 (C-
19), 78.3 (C-20), 20.1 (C-21), 76.6 (C-22),
32.3 (C-23), 77.5 (C-24), 73.2 (C-25), 23.6
(C-26), 24.1 (C-27), ZIBWHES CHk
[14] fBERA -2, MEEN (24R) -lla, 20,

24- = FEHLW R H T

&Y 13, HEBARE AR (MeOH), ESI-
MS m/z: 509.3 [M+H]*.,'H-NMR (600 MHz,
CD,0D) &: 5.71 (1H, d, J=2.3 Hz, H-7),
3.85 (1H, q, J=3.0 Hz, H-3), 3.74 (1H, dt,
J=11.9, 4.6, 3.7 Hz, H-2), 3.32 (1H, dd,
J=11.1, 1.8 Hz, H-22), 3.06 (1H, ddd, J=
10.9, 7.2, 2.5 Hz, H-9), 2.31 (1H, t, J=8.8
Hz, H-17), 2.28 (1H, dd, J=13.0, 4.6 Hz,
H-5), 2.03 (1H, dt, J=13.0, 4.6 Hz, H-12a),
1.79 (1H, dd, J=12.7, 4.4 Hz, H-1la), 1.12
(3H, s, H-27), 1.10 (3H, s, H-26), 1.01
(3H, s, H-21), 0.92 (3H, s, H-29), 0.89
(3H, s, H-19), 0.80 (3H, s, H-18);" C-NMR
(150 MHz, CD,0D) &: 37.4 (C-1), 68.7 (C-
2), 68.5 (C-3), 32.9 (C-4), 51.8 (C-5),
206.5 (C-6), 122.1 (C-7), 168.1 (C-8), 35.1
(C9), 39.3 (C-10), 21.5 (C-11), 32.5 (C-
12), 48.6 (C-13), 85.2 (C-14), 31.8 (C-15),
21.6 (C-16), 50.4 (C-17), 18.1 (C-18), 24.4
(C-19), 78.0 (C-20), 21.1 (C-21), 77.2 (C-
22), 33.1 (C-23), 50.3 (C-24), 74.2 (C-25),
26.1 (C-26), 29.1 (C-27), 25.6 (C-28), 14.4
(C-29), b &Y s 5 Scmk [8] il A —
B, WMEE NP IS C.,

EY 14 R EEIK(H,0), ESI-MS m/z:
535.2 [M+H]*.,'"H-NMR (600 MHz, D,0) §&:
5.84 (1H, s, H-28), 5.79 (1H, s, H-7),
3.91 (1H, q, J=3.0 Hz, H-3), 3.35 (1H, m,
H-9), 2.30 (1H, dd, J=13.0, 3.8 Hz, H-5),
2.31 (1H, t, J=8.8 Hz, H-17), 2.16 ( 1H,
dd, J=12.2, 4.9 Hz, H-la), 2.20 (1H, dd,
J=10.7, 6.4 Hz, H-23a), 2.13 (1H, td, J=
12.3, 7.4, 4.9 Hz, H-12a), 1.35 (3H, s, H-
27), 1.10 (3H, s, H-26), 1.15 (3H, s, H-
21), 0.91 (3H, s, H-19), 0.69 (3H, s, H-
18) ;*C-NMR (150 MHz, D,0) &: 38.4 (C-1),
69.4 (C-2), 68.4 (C-3), 32.8 (C-4), 52.5
(C-5), 209.4 (C-6), 123.1 (C-7), 166.3 (C-
8), 42.6 (C-9), 39.9 (C-10), 68.7 (C-11),
43.0 (C-12), 48.4 (C-13), 85.7 (C-14), 31.6
(C-15), 21.4 (C-16), 50.0 (C-17), 18.9 (C-
18), 24.5 (C-19), 75.0 (C-20), 20.6 (C-21),
78.5 (C-22), 30.6 (C-23), 179.9 (C-24),

111
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91.7 (C-25), 24.9 (C-26), 24.9 (C27),
114.8 (C-28), 177.1 (C-29), Zik&WEIE Y
R [15] il A — B, BOEE O TN A
fiil R1,

G 15, FRERIA (MeOH), ESI-MS m/z:
479.2 [M+H]",'"H-NMR (600 MHz, CD,0D) §&:
5.74 (1H, d, J=2.6 Hz, H-7), 4.04 (1H, m,
H-11), 3.95 (1H, dt, J=12.0, 4.7, 3.6 Hz,
H-2), 3.90 (1H, q, J=3.0 Hz, H-3), 3.08
(1H, dd, J=8.9, 2.6 Hz, H-9), 2.31 (IH,
dd, J=12.9, 4.3 Hz, H-5), 2.31 (1H, t, J=
9.0 Hz, H-17), 1.17 (3H, s, H-21), 0.99
(3H, s, H-19), 0.88 (3H, s, H-27), 0.84
(3H, s, H-26), 0.81 (3H, s, H-18);”C-NMR
(150 MHz, CD,0OD) &; 39.2 (C-1), 68.7 (C-
2), 69.0 (C-3), 33.4 (C-4), 52.9 (C-5),
206.8 (C-6), 122.9 (C-7), 165.8 (C-8), 43.0
(C-9), 40.0 (C-10), 69.6 (C-11), 43.8 (C-
12), 48.6 (C-13), 85.0 (C-14), 32.0 (C-15),
21.7 (C-16), 50.3 (C-17), 19.5 (C-18), 24.8
(C-19), 77.8 (C-20), 21.0 (C-21), 77.6 (C-
22), 35.9 (C-23), 77.5 (C-24), 34.2 (C-25),
17.1 (C-26), 19.0 (C-27), ZiL&WEE S X
BRO[15] B BEEA 3, B E RN S,

EY 16 IREEFEK(MeOH) , ESI-MS m/z:
389.2 [M+H]",'"H-NMR (600 MHz, DMSO-d,)
8. 6.78 (1H, d, J=2.1 Hz, H-2'), 6.69 (1H,
d, J=8.0 Hz, H-5'), 6.59 (1H, dd, J=8.0,
1.9 Hz, H-6'), 6.31 (2H, s, H-2, 6), 4.09
(1H, dd, J=8.5, 7.1 Hz, H9a), 3.87 (IH,
dd, J=8.5, 9.1 Hz, H9b), 3.72 (3H, s, 3'-
OCH,), 3.71 (6H, s, 3, 5-0CH;), 2.69 (1H,
m, H-8'), 2.60 (2H, m, H-7'), 2.50 ( IH,
m, H-8), 2.44 (2H, m, H-7);"” C-NMR (150
MHz, DMSO-d,) &: 133.8 (C-1), 105.8 (C-2),
147.8 (C-3), 128.7 (C-4), 147.3 (C-5),
105.8 (C-6), 37.3 (C-7), 40.8 (C-8), 70.6
(C-9), 128.8 (C-1"), 113.4 (C-2"), 147.3 (C-
3'), 145.0 (C-4'), 115.2 (C-5"), 121.5 (C-
6'), 33.6 (C-7'), 45.5 (C-8'), 178.4 (C-9'),
55.8 (3, 5-OCH,), 55.5 (3'-OCH,), Z &Y
BRSOk [16] RIEHEA -, HEE N 4k
SiE S Vi YRt I

&Y 17, IRECE A (MeOH), ESI-MS m/z:
112

551.2 [M+H]*,'"H-NMR (600 MHz, CD,0D) §&:
7.05 (1H, d, J=8.2 Hz, H-5"), 6.75 (1H, d,
J=2.1Hz, H-2"), 6.64 (1H, dd, J=8.3, 2.0
Hz, H-6'), 6.30 (2H, s, H-2, 6), 4.20 (1H,
dd, J=8.5, 7.5 Hz, H9a), 3.94 (1H, t, J=
7.8 Hz, H-9b), 4.86 (1H, d, J=7.2 Hz, H-
1), 3.80 (3H, s, 3'-OCH,), 3.77 (6H, s, 3,
5-0CH,), 2.69 (1H, m, H-8'), 2.82 (2H, m,
H-7"), 2.53 (1H, m, H-8), 2.48 (2H, m, H-
7);"” C-NMR (150 MHz, CD,0OD) §: 134.3 (C-
1), 107.0 (C-2), 150.6 (C-3), 135.2 (C-4),
150.6 (C-5), 107.0 (C-6), 39.4 (C-7), 42.7
(C-8), 73.0 (C-9), 130.6 (C-1"), 114.9 (C-
2'), 149.3 (C-3"), 146.9 (C-4"), 117.8 (C-
5'), 123.0 (C-6"), 35.4 (C-7'), 47.6 (C-8),
181.5 (C-9"), 102.9 ( C-1"), 74.9 ( C-2"),
77.8 (C-3"), 71.3 (C-4"), 78.2 (C-5"), 62.5
(C-6"), 56.8 (3, 3", 5-0CH,), 56.7 (3'-
OCH,) , ZEWEAE 53¢k [17] A —
B, BN 4R WIS AT, JF B e e
{AEZS A e e BRI

L&Y 18. AR (MeOH), ESI-MS m/z:
579.5 [M+H]","H-NMR (600 MHz, DMSO-d,)
8: 12.58 (1H, s, 5-OH), 7.80 (2H, d, J=8.7
Hz, H-2', 6'), 6.91 (2H, d, J=8.7 Hz, H-3',
5), 6.79 (1H, d, J =20 Hz, H-8), 6.46
(IH, d, J=2.0 Hz, H-6), 5.55 (1H, d, J=
1.8 Hz, H-1"), 5.30 (1H, d, J=1.8 Hz, H-
1"y, 1.13 (3H, d, J=6.0 Hz, H-6"), 0.81
(3H, d, J=6.0 Hz, H-6");”C-NMR (150 MHz,
DMSO-d,) &: 156.8 (C-2), 135.2 (C-3), 178.6
(C-4), 161.7 (C-5), 99.1 (C-6), 162.4 (C-
7), 95.3 (C-8), 158.6 (C-9), 106.5 (C-10),
121.1 (C-1"), 131.4 (C-2"), 116.2 (C-3"),
160.9 ( C-4'), 116.2 ( C-5"), 131.4 ( C-6"),
102.6 (C-1"), 70.9 (C-2"), 71.4 (C-3"), 72.3
(C-4")y, 70.8 (C-5"), 18.6 (C-6"), 100.2 (C-
1"), 70.8 (C-2"), 71.0 (C-3"), 71.8 (C-4"),
70.5 (C-5"), 18.2 (C-6"), ZiLEWEIE S
BRO[18] HEBEA 3, BUEENILETH,

EW 19 AEREEK (MeOH), ESI-MS m/z:
274.4 [M+K+H]",'H-NMR (600 MHz, CD,0D)
8: 6.95 (1H, d, J=3.6 Hz, H-4), 6.89 (1H,
d, J=3.6 Hz, H-3"), 6.87 (1H, d, J=3.6 Hz,
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H-3), 6.82 (1H, d, J=3.6 Hz, H-4"), 4.76
(2H, s, H-6), 1.95 (3H, s, H-8);"” C-NMR
(150 MHz, CD,0D) &: 134.3 (C-2), 121.3 (C-
3), 130.2 (C-4), 144.4 (C-5), 65.7 (C-6),
136.2 ( C-2'), 123.3 (C-3), 130.2 (C-4"),
121.9 (C-5"), 69.2 (C-6'), 89.1 (C-7"), 1.4
(C-8"), ZALGWEAE 530k [19] i A —
B, BUEEE NS TREA,

k& 20, FAEERES S (MeOH), ESI-MS
m/z: 343.2 [ M + H]".,'"H-NMR ( 600 MHz,
CD,0D) &: 7.06 (1H, d, J=12.0 Hz, H-2),
7.03 (1H, d, J=8.4 Hz, H-5), 6.90 (1H, dd,
J=8.4, 2.0 Hz, H-6), 6.50 (1H, d, J=16.0
Hz, H-7), 6.27 (1H, dt, J=16.0, 5.3 Hz, H-
8), 4.89 (1H, d, J = 7.3 Hz, H-1'), 4.20
(2H, dd, J=1.5, 5.8 Hz, H-9), 3.79 (3H, s,
3-0CH,) ;"C-NMR (150 MHz, CD,0D) &: 132.7
(C-1), 111.7 (C-2), 147.8 (C-3), 150.9 (C-
4), 117.1 (C-5), 120.9 (C-6), 130.8 (C-7),
130.3 (C-8), 63.4 (C-9), 101.9 (C-1"), 75.0
(C2), 78.8 (C3), 7.4 ( C4'), 78.5
(C-5"), 62.4 (C-6"), 57.5 (3-OCH;), Zfk&
YWEWESSCER [20] OB SEAR B, SR o
iRz
4 PTPs iMHIE MR

1696 FLAR HmA 1 uL b &, FmA
50 pL FEFIZE MR (pH=6.0) . 50 pL %% p-NPP
(ZYRJE 2.5 mmol/L) HIZE MK, 37 CHi5% 30
min J5 2 1IN, I AE 405 nm K AR OB RE,
T 1CS, 1H,

FEAY A E LA 1~20 XF 7 Rl (TCPTP
PTPIB. MEG2, CD45, SHP1, PTP sigma. LAR)
WEHEMIMHEER, s8R 8RN, ka1, 2, 5,
13 X i 3 ol il B0 AS [ A B B A0 RS PR, BRAk
G40 2 X MEG2 (VE 55 T BH 25 AC484 4b, F
¥ 55 & A S8 B P, a0 13 XF TCPTP £ F FH
PEZh, A 1, 2. 13 %7 PTP1B A4 i 1% 1k 34
WERTHEZ; k&YW S UOF MEG2 £BLHE S
FHAEZG A S B 00, B R L Ede,
£1,

5 #ig

ARG AR M U 25 AR 95% 2, s B4 v 43
JRSEEH 20 MEE W, EFE 16 DK S EIZE ., 3
MARIEZRIE, T AEIZE, 1 DERZE 1R N

F1 EUEWIC,E (nmol/L, x+s, n=3)

Tab.1 IC, values of various compounds (nmol/L, xzs,

n=3)
&Y TCPTP PTP1B MEG2
1 12.11=1.19 2.29+0.20 " 22.6+2.32
2 10.98+1. 15 4.1120.33* 25.9%2.15*
5 — — 22.2+2.74
13 3.42+0.35"  1.37:0.14™ —
AC484 12.7+0. 48 9.12=0. 38 20.1x0. 52

W, —FRTNEME., 5 AC484 HEE, ** P<0.01,

=%, Hpfkaw 2, 4~5, 7~8, 10~12, 16~20
R MAR M s oy B AR B, R R, X
Wi SRR LG 1, 2, 5, 13 WoR PTPs 5
P, URIZEL AN EEARUNY; AW 5 X
XFMEG2 HA MG, R, okah
T PTPs iR BEME 22 B i, 734, MEG2 &
JEE | SRR AR S, k& 5 AT
RN 1, R BRI — 2541
HIFFE

S 3.
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