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Abstract: Objective To study the alkaloid constituents from Astragalus variabilis. Methods Alkaloids were isolated and purified
using chromatographic techniques, including silica gel column chromatography, Sephadex LH-20 column chromatography, and semi-
preparative high-performance liquid chromatography (HPLC). Their chemical structures were elucidated through comprehensive
spectroscopic analyses. The in vitro antitumor and anti-inflammatory activities of compound 1 were evaluated using the tetrazolium
salt reduction assay (MTT) and the griess reagent assay, respectively. Results A total of 13 alkaloids were isolated from the
dichloromethane extraction of A. variabilis and identified as octahydrooxireno[a]indolizine N-oxide (1), (1R,8aS)-1-hydroxy-
indolizidines (2), aloperine (3), harmine (4), sophoramine (5), matrine (6), sophocarpine (7), 9a-hydroxymatrine (8), oxysophoridine
(9), vasicine (10), L-vasicine (11), deoxyvasicine (12) and L-vasicinone (13). Compound 1 didn’t exhibit inhibitory effects against
human lung cancer cell line A549, human hepatocellular carcinoma cell line HepG2, and nitric oxide (NO) production in macrophages,
at 100 umol/L. Conclusion Compounds (1-13) were isolated from A. variabilis for the first time, while compound 1 is a new

indolizidine alkaloid, designated as variabilismine A.
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Fig. 1 Alkaloids from A. variabilis
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HIRAT]D; GFasa 2 AIGHERGH (HEH S
WTHRARD; FEEAaEREER (100~200. 200~300
H, TEF SEFENLTHRAFD; Sephadex LH-20
MR, (32E GE Healthcare); il FHEERI 2
i (o i B ] S Al A PR A D s KRG
RHTAE; RAW264.7 i (P [ d B 5 FR2 )R A7
H0 CCTCC); A4 i (BiTHR & Natocor-Industria
Biolégica A% ); DMEM. 1640. MEM }53#3% (&
PO HEFEATD); MTT (L ZEEEATD; GenS i
X (EEFEEATD; CO, B34 (3EE Thermo
AFD; BIER (RIEXRCEDMEARGIRAF, fits
N1111B, Fig /7 50=98%) 5 MMt iR H R
£ (pyrrolidine dithiocarbamate, PDTC, ¥ = KA R
Awl, T s1809).

A S ETCAEYIRE S, 2023 4E 10 HREANF &
76 DX BT 7 56 R ] /e i 2L R R, TG LR ARRL
HRKEREEAREC NERHE A variabilis
Bunge, EiFbrA (45 Tancj202310) 77T 51/
PO 2 IR B 2 - B RAR =) S 36 =
2 RESSE

BT AR S 3 BOMLR 40 kg, D 95% LR
78 30min, FAERFEE 3 K, FHIK 1.5h, ERET
g AIF R, SEREE Tkg. WHEE
W 1121 #uk, H 12 mol/L HCI i pH 2~3,
LR S REEL 3 K, #/KJE R 4 mol/LNaOH
W pH 11~12, FFAR AL 3 K, JlEHk
a5, 133 P S 70 g.

TRR R E B (70 @) SRERKEGIE
B, TR - EE-0.05% . LA ETER, 1551 10
Mt Fr. A~1. Fr. A 24¢ Sephadex LH-20 #%¢ B+ 4
WA LD 83 6 MY Fr Al~
A6, Fr.A3 (359mg) ZrERAEEIE ChmE-— 24
2 10 0 1) 4 &E452] 5 N5 Fr. A3-1~A3-5, Fr.
A3-2 (53.6 mg) &Y% HPLC, WEE-/K-=# L
li# (trifluoroacetic acid, TFA) 9 : 91 : 0.05 NIzl
M, AFRAE 2.3 mL/min, ZibEEIHLEY 5 (20
mg, &rR=12.0 min),

Fr.B S8 (& R-HEE 11D 18
3] 9 MHSY Fr. B1~B9, Fr.B6 (266.9mg) &R
FEEIE (CREFPE-PE-Z0K 21 11 :10.33%) 153
3 NSy Fr. B6-1~B6-3, Fr.B6-2 (1489 mg) 4hE
Je kR s (AR - - A% 25 010 0.1%) 15
3| 3 NS> Fr. B6-1-1~B6-1-1-3, Fr. B6-1-1-2(48.2

mg) LA (HED FE2AY 4 (20 mg).
Fr. B5 (964.9 mg) &fEAE et Chilk-— 2%
15 1) 4754330 4 N4> Fr. B5-1~B5-4, Fr. BS-
3 (50.7 mg) LHERAEENE (FEE) )4 HPLC
(FIfEE-7K-TFA 9 : 91 : 0.05, fAFiE 2.5 mL/min)
B34k &% 6 (16 mg, r=14.0 min). Fr. B5-2 (39.5
mg) ZERAORE (FEE AR % HPLC (FEE-
JK-TFA8 192 :0.05, #AFfE 2.25 mL/min) 152
WEY T (169 mg, tr=23.0 min).
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1 (166 mg) £ 2 Rt A (HREE) 53] 2 A
4% Fr. C5-1-1~C5-1-3, Fr. C5-1-2 (46.3 mg) 43
H14 HPLC (HIJ#-/K-TFAS © 92 : 0.05, AR E
2.0 mL/min) 1§24k 547 8 (14.7 mg, r=19.0min).
Fr. C5-1-3 (39.1 mg) £l HPLC (HEE-7K-TFA
5:95:0.05, AFE 2.0mL/min) 5 E14L 54 10
(23mg, ®R=25.0min). Fr.C5-6 (133.7mg) Lkt
Kl (A P RE-FEE 10 1D FIRERAE (B3 (B RS
CFE-FEE-— 2 4010 0.8%) AifbB3tba9 1
(14.7 mg).

Fr. D (9.68 g) % RP-18 JH ith b B ki
(HEE-7K 20%~100% )15 2] 17 214} Fr. D1~D17,
Fr.D3 (634.6mg) £ 2 KA (FHEE) 55
4 NSy Fr. D3-1~D3-4, Fr. D3-4 S0
CamEE-— % 8 © 1) 138 3 AMH4) Fr. D3-4-1~
D3-4-3, f)5 Fr. D3-4-3 Skttt it CFRED 4lifk
BEMkEY 2 (13 mg). 11 (11 mg). 12 (23 mg)
13 (3mg).

Fr. G &R (FED H53] 4 M0 Fr.
G1~G4, Fr. G2 ZRERAMEGRE (B L.H5-H iE-—
M2 01003%) 4G EL S 9 (8 mg).

Fr. ] ZER A6 (D 1528) 3 A4 Fr
J1~J3, Fr. 2 &rEHa (& HRE-FiE-—4
2 1:15:03%) AitbF2HbE59 3 (5mg).
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EHERE. [o]s +21.15 (¢0.226, MeOH). HR-ESI-
MS m/z: 156.102 0 [M+H]" (i+51H 156.102 5,
CsHiuNO»), £54 'H-NMR (R 1), HiEiZib &%
7 AN CsHisNO,, A 3 MAEFIEE,
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=1 1A% 1K "H-NMR (400 MHz, CD;0D) #1 13C-
NMR (100 MHz, CD;0D) #i
Table 1 'H-NMR (400 MHz,CD30D) and 3C-NMR (100
MHz,CD30D) data of compound 1

{Z3DA OH dc

3.84 (m) 59.4
3.90 (t, J = 3.3 Hz) 553

3a 3.86 (dd, J =10.0, 3.3 Hz) 72.8

3p 3.34 (d, J = 10.0 Hz)

50,58 3.58 (ddd, J =13.2, 10.8, 3.4 Hz) 66.4
3.23 (dd, J = 13.2, 4.6 Hz)

6a,6p 1.52 (m), 1.70 (m) 203

7a,7p 2.03 (m), 1.64 (m) 220

84,88 2.15 (m), 1.92 (m) 235

9 3.42 (t,J=5.2 Hz) 785

IH-NMR (400 MHz, CD;OD) &g 5 4
FREE S 01 3.23 (1H, dd, J=13.2, 4.6 Hz), 3.34 (1H,
d,J=10.0 Hz), 3.42 (1H, t, J= 5.2 Hz), 3.58 (1H, ddd,
J=13.2,10.8, 3.4 Hz), 3.84 (1H, m). '*C-NMR (100
MHz, CD;OD) #EH &R 8 Mifs'S, 454 DEPT
R, RZWAEMER 5 MEFE (6c 20.3. 22.0.
23.5.66.4.72.8), 3 MK HIE (50 55.3.59.4. 78.5).
{55 dc 72.8 (C-3), 78.5 (C-9), 66.4 (C-5) 7355 N
JRF . DL EEERRE, (a1 8 1 MR
VHRESREDIR . a1 1E C-3. C-5. C-9 Btk
i ¥ 540-E%) swainsonine-N-oxide!! 1 I H 5% = 4
ARE, 1BEALAW) 2-epi-lentiginosinel i 5, 4351
FARIHAIRE T 9.3 114, 9.6, HEEMZILEY 4 A
IEJR T RAZNRENY . Satha 1 BIMR

— IH.'H COSY

H
¢ A
/;N%Z
3 5‘:(‘—)'/3

7~ X\ HMBC +#-7"x  ROESY

TIEN 155, VAR 3 ANAMBREE, &Y 11 C-
1. C2 A7) 2 NRREEMKIERC T 11N R (B 2D

£ 'H-'H COSY B, nJLAMEEH] 1 M 13
MRTFHIE R AMES RS H-5 (0u 3.23) 5 H-
6 (6 1.70) #2%, H-6 (dy1.52) 5 H-7 (6n2.03).
H-7 (5u1.64) 5 H-8 (615 1.92) &, H-8 (6n2.15,
1.92) 5 H-9 (6u3.42) 5%, H-9 (6u342) 5
H-1 (61 3.84) 5%, H-1 (61 3.84) 5 H-2 (653.90)
A, H-2 (053.90) 5 H-3 (943.86, 3.34) MK
(K 2). i HMBC i &8, H-3 5 C-5. C-9 #H
X, H-55C-3. COMK, HY9 5 C-5 K, X
—BiEsE C-5. C-9. C-3 @it N-4 &, HMBC i
K H-9 (813.42) 5 C-1. C-2 #3%, H-1 (55 3.84)
5 C9. C-2. C3 #3%, H-2 (4u3.90) 5 C-9. C-
3. C-1 #H5%, H-3 (du 3.86) 5 C-1. C-2. C-9#H
K, W C-1 5 C2 WIE A EEE . @it Ll B Hr
W THLAY 1 IS5 .

AP 1 FIAEX ) AYIE I ROESY S5 5 4R Y5
KA B W) 2-epi-lentiginosine LLRESKHfE . H-9 A7
(1) o BLIA), J8IE 54 AY) 2-epi-lentiginosine 1%
s R SRR 52 o /£ ROESY K rh, H-9 (643.42)
4395 H-300 (9u3.86)+ H-50 (du3.58). H-8a (I
2,15 AHXES, RHX 4 MR PG T %5
FHIE—M; H-3p (du3.34) 5 H-2 (6s3.90) 5%,
H-88 (6n1.92) 5 H-1 (643.84) HX, WIFKH H-
1 (543.84). H-2 (0u3.90) NP #HL, 2 ERTik,
WA 1 MK 2 Fion. 8N 1A
WEWY, frd NS BRI, A (variabilismine A) .

B2 HaYWI1HUFEEHKREE 'H-'H COSY. HMBC F1 ROESY #H%(ES
Fig.2 Chemical structure and key '"H-'"H COSY, HMBC and ROESY correlations of compound 1

&Y 2: LMY (FFED, ot R Bk
EHEAE, ESI-MS m/z: 142.123 15 [M+H]'. 'H-
NMR (400 MHz, CD;0D) ¢: 3.76 (1H, ddd, J = 9.1,
7.4,4.7 Hz, H-1), 3.21 (1H, m, H-50), 2.97 (1H, m, H-
3B), 2.92 (1H, dd, J = 9.3, 2.6 Hz, H-3a), 2.40 (1H, q,
J=9.4Hz, H-2p),2.20 (1H, dt, J=11.9, 4.5 Hz, H-5p),

2.17~2.11 (1H, m, H-8B), 2.11~2.05 (1H, m, H-7p),
1.94~1.86 (1H, m, H-8a), 1.8 (1H, s, H-6B), 1.75 (1H,
dq, J = 11.8, 2.8 Hz, H-6a), 1.63~1.55 (1H, m, H-2a),
1.49 (1H, dddd, J = 13.9, 9.5, 4.9, 2.3 Hz, H-7a), 1.24
(1H, m, H-80); '*C-NMR (100 MHz, CD;OD) §: 75.9
(C-1), 71.9 (C-8a), 54.0 (C-5), 53.0 (C-3), 31.8 (C-2),
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28.7 (C-8), 25.3 (C-6), 24.6 (C-7). LA Fixmi¥iEY
SCHERHRIE FE A — 00, MUE B G 2 9 (1R,8a8)-
1-hydroxy-indolizidines .

EY) 3: AEREA (HERD, ESI-MS m/z: 249.3
[M+H]". 'H-NMR (400 MHz, CDs;OD) 6: 5.57 (1H,
m, H-17), 3.32 (2H, m, H-13), 3.29 (1H, d, J= 6.2 Hz,
H-10B), 3.24 (1H, d, J= 2.8 Hz, H-2p), 3.14 (1H, s, H-
2a), 2.88 (1H, m, H-10a), 2.72 (2H, tt, J=12.7, 2.9 Hz,
H-15),2.63~2.53 (2H, m, H-8), 2.35 (1H, dd, J= 14.2,
4.6 Hz, H-11),2.18 (2H, s, H-14); 3C-NMR (100 MHz,
CD;0D) d: 138.3 (C-16), 125.7 (C-17), 61.1 (C-11),
58.7 (C-6), 55.3 (C-2), 47.9 (C-10), 46.7 (C-13), 35.8
(C-7), 33.0 (C-9), 33.0 (C-14), 27.8 (C-5), 25.9 (C-15),
25.7 (C-3), 25.3 (C-4), 20.5 (C-8). LA E#HikEY
SCHRIOE B A S, WS R A 3 O SR

&Y 4. EIREE (FFEE), ESI-MS m/z:
213.103 62 [M+H]*. 'H-NMR (400 MHz, Pyridine-
ds) 8: 12.44 (1H, s, H-3), 8.61 (1H, d, J= 5.3 Hz, H-5),
8.21 (1H, d, J = 8.6 Hz, H-4), 7.97 (1H, s, H-8), 7.11
(1H, dd, J = 8.6, 2.2 Hz, H-6), 3.76 (3H, s, OCH3), 2.94
(3H, s, H-10); 3C-NMR (100 MHz, Pyridine-ds)
161.4 (C-7), 143.5 (C-1), 142.5 (C-8a), 139.0 (C-3),
136.3 (C-92)128.8 (C-4a), 123.3 (C-5), 116.5 (C-4b),
112.7 (C-4), 109.9 (C-6), 95.7 (C-8), 55.7 (OCH3), 21.2
(C-10). LA E#UR 5 CiRiRE B AR — 502, MsssE
a4 J kA 56 5eE .

tEY) 5: AELSd (FED, ESI-MS m/z: 245.2
[M+H]". 'H-NMR (400 MHz, CD;OD) 6: 7.59 (1H,
dd, J=9.1, 7.2 Hz, H-13), 6.64 (1H, dd, J = 7.3, 1.8
Hz, H-14), 6.57 (1H, d,J=9.0 Hz, H-12), 4.32 (1H, dt,
J=16.4, 8.2 Hz, H-17a), 3.56~3.45 (1H, m, H-17p),
3.20~3.01 (3H, m, H-10, 2p), 2.76 (1H, d, J = 9.8 Hz,
H-20), 2.65~1.31 (11H, m, H-3~9); 3C-NMR (100
MHz, CD;0D) 6: 166.5 (C-15), 145.8 (C-11), 142.0 (C-
13), 118.9 (C-14), 107.6 (C-12), 61.7 (C-6), 57.2 (C-2),
56.9 (C-10), 44.3 (C-17), 38.2 (C-7), 31.6 (C-5), 26.5
(C-4), 26 (C-8),21.9(C-3),21.0 (C-9). LA FAZ%HIEHE
5 SRR E — 303, MO E) 5 AR .

WEY 6: FAIERRG W (&P E-HFED,
ESI-MS m/z: 249.195 93 [M+H]". 'H-NMR (400
MHz, CD;0D) §: 4.46 (1H, dd, J = 14.2, 4.8 Hz, H-
17a), 3.66 (1H, m, H-11), 3.42 (1H, t, J = 3.5 Hz, H-
17p), 3.40~3.31 (2H, m, H-2p, 10B), 3.21 (1H, m, H-

14B), 2.95 (2H, dd, J = 12.3, 4.3 Hz, H-6, 7), 2.88~
2.77 (1H, m, H-140), 2.30 (1H, dt, J=17.4, 5.0 Hz, H-
2a), 2.21 (1H, dd, J = 11.0, 5.6 Hz, H-8p), 2.18~2.09
(1H, m, H-100), 2.05~1.90 (2H, m, H-3a, 12p),
1.89~1.73 (4H, m, H-8a, 90, 130, 4p), 1.73~1.63
(4H, m, H-13pB, 9P, 3B, 5), 1.58 (1H, m, H-4a), 1.43
(1H, m, H-12a); 3C-NMR (100 MHz, CD;OD) §:
173.1 (C-2), 65.6 (C-6), 57.5 (C-10), 57.4 (C-15), 54.4
(C-11), 43.1 (C-7), 41.7 (C-17), 35.6 (C-5), 33.9 (C-
14), 28.7 (C-12), 26.9 (C-4), 25.3 (C-8), 20.7 (C-9),
20.3 (C-3),20.0 (C-13). LA - IZRERIE 5 Sk s J
A0, BN E) 6 NS

&Y 7. AR CNERD, ESI-MS m/z: 246.2
[M+H]". 'H-NMR (400 MHz, CDsOD) &: 6.66 (1H,
ddd, J=9.4, 5.1, 3.3 Hz, H-13), 5.84 (1H, dt, J = 9.9,
1.8 Hz, H-14), 4.26 (1H, dd, J = 14.4, 5.0 Hz, H-17p),
3.82 (1H, m, H-11), 3.50 (1H, t, J = 3.5 Hz, H-17a),
3.46~3.37 (2H, m, H-2p, 10p), 3.32(1H, s, H-2a), 3.28
(3H, m, H-12p, 10a, 3a), 3.02 (2H, ddd, J=17.4, 11.0,
5.2 Hz, H-4p, 90), 2.95~2.85 (1H, m, H-8a), 2.78 (1H,
dt, J = 18.5, 5.9 Hz, H-8p), 2.31 (1H, m, H-9B), 2.14
(1H, td, J=14.5, 13.1, 6.5 Hz, H-3f), 2.06~1.98 (1H,
m, H-7), 1.78 3H, d, J = 3.8 Hz, H-4q, 5, 6), 1.38~
1.22 (1H, m, H-12a); '*C-NMR (100 MHz, CD;OD)
5: 167.4 (C-15), 140.5 (C-13), 123.4 (C-14), 63.8 (C-
6), 56.3 (C-2), 56.1 (C-10), 51.2 (C-11), 40.7 (C-7),
40.3 (C-17), 33.4 (C-5), 28.0 (C-12), 25.6 (C-4), 24.1
(C-8), 19.4 (C-3), 19.1 (C-9). VL 34 5 CikIRiE
FEAR—FS), BUEENAE T IR A

&) 8: EHIRES & (& FE-HEE) . ESI-MS
m/z:265.2 [M+H]". 'H-NMR (400 MHz, CD;0D) §:
4.54 (1H, dd, J = 14.0, 4.7 Hz, H-17p), 3.95 (1H, tt,
J=11.6,4.3 Hz, H-9), 3.66 (1H, ddd, J=11.7, 8.5, 5.7
Hz, H-11), 3.53 (1H, d, J= 3.6 Hz, H-10B), 3.50~3.47
(2H, m, H-17a, 2), 3.30 (1H, m, H-14p), 3.11 (1H, td,
J=122,3.2 Hz, H-140), 2.89 (1H, d, J = 13.7 Hz, H-
100), 2.85~2.75 (1H, m, H-6), 2.44~2.35 (1H, m, H-
5), 2.24~2.12 (13H, m, H-2~4, 7, 8, 12, 13); 13C-
NMR (100 MHz, CD;0D) d: 172.6 (C-15), 64.4 (C-
10), 60.9 (C-9), 60.9 (C-6), 57.4 (C-2), 54.5 (C-11),
43.0 (C-7),41.3 (C-17), 34.7 (C-8), 34.3 (C-5), 33.4 (C-
14), 28.3 (C-12), 26.5 (C-4), 20.0 (C-3), 19.5 (C-13).
A e B 5 SRR s SE AR — 206, MU e b A
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¥ 8 ¥ 9a-hydroxymatrine.

WEY9: R EHPIRY) (FEE), ESI-MS m/z:
2652 [M+H]*. 'H-NMR (400 MHz, CD;0OD) §: 3.93
(1H, dd, J = 13.4, 7.8 Hz, H-17a), 3.73 (1H, dt, J =
12.7, 3.1 Hz, H-17p), 3.56 ~3.48 (1H, m, H-11),
3.43~3.30 (2H, m, H-2B, 10p), 3.29 (2H, d,J=2.3 Hz,
H-14), 3.21 (1H, d, J = 5.3 Hz, H-100), 3.18 (1H, d, J =
4.9 Hz, H-20), 2.97 (2H, dt, J = 17.8, 8.9 Hz, H-30,
12B), 2.74~2.64 (1H, m, H-9a), 2.38~2.26 (3H, m,
H-130, 8a, 13B), 2.08~1.64 (5H, m, H-8B, 9B, 3B, 7,
5), 1.49~1.23 (4H, m, H-6, 4a, 12a, 4B); 3C-NMR
(100 MHz, CD;0D) §: 172.3 (C-15), 73.3 (C-6), 71.3
(C-3), 60.1 (C-11), 59.0 (C-10), 47.8 (C-17), 36.4 (C-
7), 32.7 (C-14), 30.4 (C-5), 29.1 (C-12), 27.9 (C-4),
24.2 (C-3), 22.7 (C-8), 19.7 (C-9), 18.5 (C-13). LA |
WG 5 SRR E — B3, WS e G 9 A
A TE B o

& 10 Atk (CRFkE-FEE), ESI-
MS m/z: 189.0 [M + H]*. 'H-NMR (400 MHz,
CDs0D) 6: 7.33 (1H, td, J= 7.7, 1.5 Hz, H-5), 7.29~
7.24 (1H, m, H-6), 7.19 (1H, d, J = 7.6 Hz, H-7), 7.14
(1H, d, J=7.7 Hz, H-8), 5.12 (1H, t, J = 8.0 Hz, H-3),
3.75 (1H, m, H-9a), 3.66 (1H, dt, J= 11.0, 7.7 Hz, H-
9p), 3.34 (1H, s, OH), 3.03 (1H, m, H-1p), 2.65 (1H, m,
H-2a), 2.11 (1H, m, H-2p), 1.29 (1H, t, J = 7.3 Hz, H-
la); 3C-NMR (100 MHz, CD;0D) &: 164.6 (C-3a),
131.9 (C-4a), 130.3 (C-6), 128.2 (C-8), 128.0 (C-7),
118.1 (C-5), 117.9 (C-8a), 72.3 (C-3), 51.8 (C-9), 47.3
(C-1), 30.5 (C-2). VA FixhbEdR 5 SOk kiE A —
0T, WA 10 TS TET .

WA 11 BEETR AR (-,
ESI-MS m/z: 189.0 [M+H]*. 'H-NMR (400 MHz,
CD;0D) ¢: 7.18 (1H, td, J = 7.5, 1.6 Hz, H-5), 7.04
(2H, dtd, J=7.3, 3.6, 1.3 Hz, H-6, H-7), 6.98 (1H, dd,
J=1.8, 1.5 Hz, H-8), 4.68~4.65 (2H, m, H-9), 4.65~
4.62 (1H, m, H-3), 3.47 (1H, m, H-1«), 3.37 (1H, m, H-
1B), 3.32 (1H, m, H-20), 2.43 (1H, m, H-2f), 2.01 (1H,
s, OH); '*C-NMR (100 MHz, CD;0D) §: 164.5 (C-3a),
143.2 (C-4a), 129.6 (C-6), 127.4 (C-8), 125.9 (C-7),
124.4 (C-5), 120.7 (C-8a), 72.4 (C-3), 50.3 (C-9), 48.0
(C-1), 30.5 (C-2). LA FAZMEE R SCoRIRIE A —
08, W EAAEY) 11 4 L-vasicine.

&Y 12: HETEHH K, ESI-MS m/z

173.10643 [M+H]". 'H-NMR (400 MHz, CD;0D) 6
7.25 (1H, d, J= 7.6 Hz, H-8), 6.96 (1H, d, J = 7.9 Hz,
H-6), 3.69 (2H, t, J = 6.9 Hz, H-5, 7), 3.26 (2H, s, H-
9), 2.95 (2H, m, H-3), 2.23 (2H, m, H-1), 1.28~1.20
(2H, m, H-2); '3C-NMR (100 MHz, CD;OD) ¢ 164.4
(C-3a), 133.4 (C-4a), 130.3 (C-6), 128.1 (C-8), 127.8
(C-7), 118.4 (C-5), 118.2 (C-8a), 54.6 (C-3), 47.1 (C-
9),31.1(C-1),19.3(C-2). VA - IZREEHE 5 SCHkARiE
FEAR L, s e A 12 B IS L o

A 13: AEsRIREE (CEPR-FED,
ESI-MS m/z: 203.117 8 [M+H]". 'H-NMR (400
MHz, CDsOD) ¢: 8.17 (1H, d, J = 8.0 Hz, H-8), 7.78
(1H, t, J= 7.7 Hz, H-6), 7.60 (1H, d, J = 8.1 Hz, H-5),
7.48 (1H, t,J = 7.6 Hz, H-7), 4.17 (1H, d, J = 7.4 Hz,
H-3), 4.15 (1H, s, OH), 3.32 (2H, s, H-1), 2.28 (2H, m,
H-2); 3C-NMR (100 MHz, CD;0D) 8: 162.1 (C-3a),
161.8 (C-9), 149.4 (C-4a), 135.1 (C-6), 128.9 (C-7),
127.0 (C-5), 126.5 (C-8), 120.6 (C-8a), 71.1 (C-3), 46.7
(C-1), 32.5 (C-2). VA A% HEE R 5 STk fkiE H A —
O, WA 13 TS LR B .
4 EY 1 IREIEMTE

FRIE SCHR T ER0, SR MTT e &4 1
PUMIRITE . K AS49 41 LRI HepG2 41 il 4 31 LA
10X TO*AN /AL BE R T 96 LR |, B T-37 C.
5% CO, B335 24 ho FE BIEWE, A549
HAFLIIAE 10 pL A& 1 11 90 pL 1640 5%
%E, HepG2 AALIIAE 10 uL LAY 1 19 90 pL
MEM #5773, 28K 7370759 100.00. 10.00~ 1.00
umol/L, 4R F% 24 ho BEFLINIA 20 uL MTT (5
mg/mL) ¥, AREREEFE 4h. BEFLII 50 uL =Bk
W, dkEEEEFE 16h. i GenS Bbs 414X, 7E 570
nm AMIBCEE (4) 18, FFiEA T E A4
TEHRHIZ S5 R BN, (AP 1R N 100.00 pmol/L
WX AS49 AN A HepG2 4 A B0 1 43 53l R
(3.78+4.60) %. 0 (F 2). SPHM:XT IR A KA
b, AW 14T AS49 AR I RS R RCR, Xf
HepG2 4 g Jo il 35 4 o

FNHIZR = (4 s —A wam1)/A w
5 WA 1IREEENE

HRAE SR TR, @i e 22 9% (lipopolysaccharide,
LPS) %S/ E V4N RAW264.7 R4 98 RE AR
HATHLRIEHENIR, KA Griess W& LKL &
1 X%} NO B (52 o
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2 LAY 1% AS49 4RAEFN HepG2 LRARRIHIHI(ER
Table 2 Inhibitory activity of compound 1 against A549 and HepG2 cells
& W (umol 71 AS49 ZH i H11il /% W/ (umol L1 HepG2 41 g 31l /%

1 100.00 3.78+4.60 100.00 0
10.00 1.91+271 10.00 0
1.00 5.25+2.18 1.00 0

By 25 2% 50.00 54.04+2.15 10.00 62.52+3.41

25.00 43.04£7.97 5.00 53.07+1.25

12.50 34.611+0.76 2.50 40.02+2.10

UG KA RAW264.7 4, LAEEFL 2.0X
104 /N 0 2 BE R R0 T 96 FLAR T, BT 37 C.
5% COp B 7R R % 24 he )R, Btk &1 H
DMSO #fi# (DMSO ZREE/INT 0.1%), FhERRE
WA 100.00. 10.00. 1.00 pmol/L HIER . #HL
100 pL AFIREEFILEY 1 I 96 LI+, 1EH
24h. FFLIIAN 20 uLMTT (5mg/ml), 4k4LER55% 4
h, LI 50 pL =K, 4k88%5% 16 h T 570 nm
AEME A . BRATHRZAAE, HARSHMA LPS, 4R
RN 1 pg/mL, 4REEEFE 24 he BRE R, HU
IEAE A NO Al SR NO &, #afFEieik
AT . M A HE NO RG24
BN, LAY 1 7E 100 pmol/L WIS, St ELWE4Hf
(IHGFEFNE 2] LPS #5311 NO B Z 4351
(1.60+1.38) %F1 (6.75+3.82) % (% 3). SRHMEN}
8 PDTC #HLL, &Y 1 RINHRIGIIRBR .

2 = (LPS 41 NO & —F£ a4 NO & &) /LPS 4
NO & &

R3 LEW 1 X LPS B SEREERM NO BAUNEIE A
Table 3 Inhibitory activity of compound 1 on LPS-induced

nitric oxide (NO) release in macrophages

&Y WS HEIGTEANE]  NO RGN
(umol L.71) /% %/ %
1 100.00 1.60+1.38 6.75+3.82
10.00 0 0
1.00 0 0
PDTC 5.00 0.46+1.49 54.054+4.98
2.50 2.42+1.18 42.31+1.00
1.00 3.37+0.17 29.71+5.38
6 itig

AR SR BRI AT R P A X 7 (A
HHEY, KEREAGHEPEMSLT, T HE L) R
EAHO ATRFSE A R o A8 575 B il o A 4 SRR ]
HEAEY. B2, IS oA

GIHETIE 73 M 4 e AR S s B 4 Bl |k B S E AR )
Bk sy, IR 3 EA TR A B TR .
SCHR VIR A 332 e B 1 70 9 21 ) A ) 2 20 A=
PRV AR o s | W B PR e A= el v
SFEFIE A Twist 1 ARG BEEME IR 3-34
( phosphoinositide 3-kinase, PI3K) /£ ¥ B
(protein kinase B, AKT) {555 1 % k4] £ ¥ 4
LRI 28022, W B PR NE SR AE MBS S (L&)
6) ATt HmAnpR AR, IEReHDH| R AR 0 Y hE
MR 28R S123) . WEMRRAE VIS RS AR (b &4 10)
TR MERGH I « FEAS Th2 BYAH 1 A g ¢
Bk, RIEPURIETENT; BRI AL 225
IxgeEm (&9 4 nIHliH] COX-2 IIERIL, MM
il B A S B AT RS AR 2R, RAED UM AR 4,
TXLERIT 5T 45 AR R AR e 5 i P B 2 A A W e e
TEREEZ AL, AR Z PR ER

AT FEE RN S B U e S A
Iy EEE 13 ANy, LR e R
EEM 1~2). EEEEESR (a3, 5~9).
BRI (LEW) 4) I EmEmial (L&) 10~13)
AEWIBRETY . S 1 DT IR | L G A
g5, B 1~13 BN REE 7 B3 %
WAAMUERE TR RN R, Er T
AR LR Z REvE SIgfETE YRR, A E
AR ECH “FTE” ) “BIEEY” KL,
NELJF AR TR K A

FlAEAR AL EARELEAEFR
B 3k
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