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Triterpenes from Stems of Akebia trifoliata and Their Antibacterial
Activities

JIA Yongxial, YANG Qiuxial, ZENG Lei?, XU Qiaolin?", LIU Shaobo®, XU Xinlan!, TAN Jianwen®
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Agricultural University, Guangzhou 510642, China)

Abstract: To study triterpenes from Akebia trifoliata and its antibacterial activities, nine triterpenes were isolated
from the ethanol extract by various methods, such as silica gel, ODS, Sephadex LH-20 column chromatography
and semi-preparative HPLC. Based on physical and chemical properties and spectral data, their structures were
identified as stachlic acid A (1), oleanolic acid (2), ursolic acid (3), 2a,34-dihydroxyolean-13(18)-en-28-oic acid
(4), serratagenic acid (5), gypsogenic acid (6), 20a-hydroxyl-29-noroleanolic acid (7), mesembryanthemoidigenic
acid (8) and 12a-hydroxy-od-lactone (9). The compounds 2 and 3 had strong antibacterial activity against three
tested bacterial strains in vitro. Compounds 1, 4, 6 and 9 were isolated from A. trifoliata for the first time,
compounds 3 and 7 were isolated from genus Akebia for the first time.
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M ACEAERE AT oM B Wb, Wi
B BRVURES. HIN AR E S KILRRE A X, &
T IS BB TR RE T, £ A ME T E 5310 .
ORI R 2R e R EAE SR E W R A,
CrhEZG ) sk, HARIKIE. 7 O0RR.
WA TR, FHTRITIAE KM SR IR
&4 A BAEIREER,

145Nk, CAN=MAHEBEHL AR
B oy BSARE T 20 80 RAML ARG, Hh ik 70
PO = e =m0, IR =i Rk
Iy N =M AR B DI . b, AR
AT B AT RO 2 JE RIS A A 0
IR NBIFFT = A i 25 vh AL 22 1o LR, i —
A2 o) ) = AT =il 2R A 2 1y, IR TT KA
BEVI AR . AT TE N = AR I R 2R 1K SR Y
Y o AR 8] 9 A=k 1oy, 730 %€ O stachlic
acid A (1), FHEUERR (2). ZJER (3)- 20,3p-dihy-
droxyolean-13(18)-en-28-oic acid (4)- serratagenic acid
(5)~ gypsogenic acid (6)~ 20a-hydroxyl-29-norolea-
nolic acid (7). mesembryanthemoidigenic acid (8)7!!
12a-hydroxy-é-lactone (9), H, (L&MW 3I M7 N
HIXMABBED TSR, (&YW 1. 4. 6
A9 NE RN =M ARE RT3 B1538]. RATIR
H ORI THURIE T, GRS, (a2
3 S 24 P RH P T 4 3 207 47 BK B4 (Staphyloccocus
aureus). HEFEZE KT B (Bacillus cereus) ATk, B2 i
FFEE(B. subtilis) B A & 3& FIPUEENE, HXE2K
[ B B 195 7€ 70 T I 14 (Shigella dysenteriae) 76 &
HIHIFER -

1 PRI ¥

1.1 {XERAEH]

LC-20AT 2 v R0 AH ik A (H A A 7)),
SR A Z AT HPLC il %% R G (bl G Fid 1E
BHARAR), 8 FZ0ILARI(Bruker DRX-400-
Bruker Advance-600, %+ Bruker A ]), N-1000 Jig
AR RA(H A ZR AL EYELA A F]), BiEA(RT-
04, Uz THARAR); % 5% (MDS SCIEX
APl, EEMNHAMRGAF]), HTFRFALRES
FIHAX % R A H R AT

K JE A €3 1E AR (80~ 100100~ 200 1200~
300 H, & BilgEfh 1)), 2 il IE AR R

HFGF2sq (1L R GIL R T KB R AF]) . GFass
ISP T ) YMC ODS-A (50 um, HZA YMC
A7]); Sephadex LH-20( # Amersham Biosciences
Al TARIRAF (CDCls. CD3sOD. DMSO-dg, Sigma
AF])s S i A A AR A R . TR L
i, @O0 CRET E Tl AR), g R,
CIEER TR A A D). AN (254 nm). L7
LSRR - LB HE(20 < 80, VIV)In# (.

1.2 #¥

S FH = AR i 224 KT 2009 42 9 H R H
WA REE, Sd EREER R EY) 2 2
Fi A% B N AR B RF K 8 J& = K JE (Akebia  trifo-
liate), FRAAFEBCT H E R e 46 e w7 el AR 0 A HL
b 55256 % (No. 20090921) .

L0027 32 ) 4 TR B AROR BT AR A8 A P
FUAIT, ELFE =2 [ PH 14 1 4 3 €43 % 3K 14 (Staphylo-
ccocus aureus, CMCC26003). i+ 2 ffu AT 4 (Bacillus
cereus, CMCC63302) . #ifi & %f i 4T 1% (B. subtilis,
CMCC63501) A1 == [GRH 14 B B A F€ VD 1] I B (Shi-
gella dysenteriae, CMCC51252).

1.3 REAN5 S

=M AEBEZE T 5 2.0 kg WiRE, £ 95% LR
JEIRIEH 324 h, GIFRIGH;: R4 5 /K
PSR VR PR BRI 4, 1540 T RS HILGE(16.6 g)F1 &
Fi% LB REHHR (67.8 @) A i ok A5 HUHR 48 IE AR AR A A
JEHT(200~300 H), LA k- A ER(100 © 1—0 : 1, V/V,
NIE)EEEEGEIE, KA IE 3 AR Sy, 153
E1~Eq 3t 9 N 4Y 4143 Es £ IEMIRE A JZ 4T (200~
300 H), LAAHifEE-TAEH(100 @ 1—0 © 1)BEREERE, &
WG FF A E RS 98 Esa~Esa H 4 AN 57
Eas A HEE-PI R 2 o 1 BEM1F 201945y, & Sepha-
dex LH-20 ¥ 24 (A A P EH) , 1598453 Esaa~
Ess7, Ezse k%4 Sephadex LH-20 A EHr(FishH
NE-HEE =1 4), [52E 9 @2 mg) (B 1). E4
2 MCI AT IG5, F I I 470 P 42 TE AR AR SR AT JZ= A
(200~300 H), LA iHifE- P (100 © 0—10 @ 18 :
1—6 : 1—4 152 : 1—0 : 100)B6 ¥, TLC #
JE R A I SRR, 138 Esa~Ear 3L 74
5y -Eas & IEARTER JZHTHE(200~300 H) 754l
PAAT W K- TR A (10 © 18 1 1—6 : 1—0 : 100) A
BAABEEEBEML, MRHEE SR, USRS E
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5 A% Egs1~Ess5. Esss%t Sephadex LH-20 #
(acetone)7r B 4lifh, FH£8 AR AR E AT DL -
7K =70 :30—85 : 15 (0~60 min), 85 : 15—100 : 0
(61~220 min) sl AEES EEBEL, %9 10 mL/min,
MRE T E AR, R & e A Sy, A
Sephadex LH-20 ¥:(&f7 @ Wl =1 : 4)4ifk, 153
&4 2 (3.5 mg)Fil 3 (4.6 mg). Es & IEMIRERENT
F£(200~300 H)45r &, PAE-HEE= 100 : 0,100 : 1.
100 : 3.20: 1. 10 : 1.0 : 100 i shAHKRE W,
FR R AR I, SRR, 4351 6 N Esa~
Ee-6; Ee-6 &/ AHH EAEEHT LA EE-7K =60 : 40—
75 : 25 (0~100 min), 75 : 25—90 : 10 (100~250 min),
90 : 10—~100 : 0 (250~300 min) g &ML B B
e, N 10 mL/min, FRIEHZRAGN, WA
Wi, #3300 3 S 415 B4 Sepha- dex LH-20 A3: (7t
AAH: TIHE) 3 Esalifl, RELEY) 4 (3 mg). Es &
MCI 3, FEEESE S DA g- P R (100 © 1~0 © 100)
BEEEBEMG, ARSI, SR BRI & AR [H]
F R 133 8 N o i Es.s P4 Sephadex LH-
20 FE(E-HEE =1 1 4)resalifk, 335 4 AN
Y4y Egas 4KEL2 AR(C-18) P B AE Z M DA -7k =

50 : 50—75 : 75 (0~100 min), 75 : 25—100 : 0 (100~
400 min) L s ARAS BEPERL, JE N 10 mL/min, R
P E A, e GRS 3] 10 MEH By . H o
Egs3.3 2L Sephadex LH-20 A:(FENAH: HEE) 7>
BAEARE] 2 ANy, TS 2 Pk EA
R E HTHE(200~300 H )2 & 4lifh, LLE - H iz =
100 : 0. 99 : 1. 98 : 2. 97 : 3 NUiBHAHEEE BRI,
WA AT-H i =98 & 2 Peliiksr4: Sephadex LH-20
FEGEG-HEE =1 @ 4 oy &alith, B2EULEY 7 (2 mg).
Es.4-3.5 2 Sephadex LH-20 #:(fiznAH: HEL) D &5
Bl 2ANESHS, E A 14 Sephadex LH-20
FERBIAH: &5-HEE =1 4)nEaditk, #2ks
) 8 (2.7 mg); = A4y 2 & IEAHRE I JZE AT A (200~
300 H)r #=alift, DLAE7-HlE=100:0, 99: 1,
98 12, 97 : 3 NUAAEBREE BRI, WS- HEE =
98 : 2 MEMiE . P4 Sephadex LH-20 FF(&1i-
HlE =1 4)7 Saifb 321 &4 5 2.1 mg). LIRS
P43 (800.0 g) & HEBAE EHT(200~300 H), LAG-
FIE%(97 © 3. 90 : 10, 85: 15, 70 : 30, 60 : 40, 0 :

100)BEFE L, 48 TLC 2 ENTRN & I £ s AH[F
Iy, B3 Fi~Fo3t 10 M. Fs B IFAHRERR

1 1 &M 1~9 HIEEH

Fig. 1 Structures of compounds 1—9
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JEHTAE(200~300 H)sratith, LLA-FEE(98 : 2.
95:5,9:1,0: 100)B6EBEML, TLC #ZkM& I
T AR, B8 7 AN . Fes &M R
FEEMT /85, FIEE-7K(50 : 50. 60 : 40. 70 : 30. 80 :
20, 90 : 10. 100 : O) Mt shAHBE BEVEL, Wbk 70%
F - K BE R4y, £ Sephadex LH-20 (515 - H
BE=1: 44, BELEY6 (2.2 mg). Fr&xAH
WA E T B, RN AR e (20 - 80,
30 :70. 40 : 60. 50 : 50. 55 : 45, 60 : 40. 65 : 35,
70 :30. 75:25. 80:20. 85:15. 90:10. 100 :
0), M4 EE BRI, Vel & I 24 5 Fra~
Fr7. Fr7 34 Sephadex LH-20 1 (1 %) 7 54t
REAY 1 (6.6 mg).

1.4 g5%se

e 1 AL MK, ESI-MS m/z:
527 [M + NaJ*, 503 [M - H], % F&N 504, 4T3
j'\] C30H4goeo lH NMR (600 MHZ, C5D5N)Z 05.49 (lH,
m, H-12), 1.21 (3H, s, H-30), 1.20 (3H, s, H-27), 1.06
(3H >3, s, H-24, H-25, H-26); 3C NMR (150 MHz,
CsDsN): ¢ 47.5 (CH,, C-1), 68.7 (CH, C-2), 78.0 (CH,
C-3), 43.4 (C, C-4), 47.8 (CH, C-5), 18.3(CH,, C-6),
32.7 (CHa, C-7), 39.6 (C, C-8), 48.0 (CH, C-9), 38.2
(C, C-10), 23.6 (CH,, C-11), 122.3 (CH, C-12), 144.8
(C, C-13), 42.0 (C, C-14), 28.1 (CH,, C-15), 23.8
(CH2, C-16), 46.9 (C, C-17), 41.2 (CH, C-18), 41.1
(CH2, C-19), 36.4 (C, C-20), 28.9 (CH,, C-21), 32.5
(CHy, C-22), 66.3 (CH3, C-23), 14.1 (CH3, C-24), 17.2
(CHjs, C-25), 17.3 (CH3, C-26), 26.0 (CH3, C-27), 180.1
(C, C-28), 73.6 (CH;, C-29), 19.5 (CH3, C-30). Ll E
WIS HAR 5 SCR[L23RE Fe A — B, U e Ak &
¥4y stachlic acid A.

EY 2 A e K ESI-MS m/z:
479 [M + NaJ*, 455 [M — H]", > F3UA CaoHasOs;
IH NMR (600 MHz, CsDsN): 6 5.50 (1H, t, J = 3.0 Hz,
H-12), 3.31 (1H, dd, J = 13.9, 4 .2 Hz, H-18), 3.43
(1H, m, H-3), 1.29 (3H, s), 1.24 (3H, s), 1.01 (3H, 9),
1.02 (3H, s), 1.00 (3H, s), 0.95 (3H, s), 0.91 (3H, s);
13C NMR (150 MHz, CsDsN): 6 38.9 (CH,, C-1), 28.2
(CH2, C-2), 78.1 (CH, C-3), 39.3 (C, C-4), 55.9 (CH,
C-5), 18.8 (CHa, C-6), 33.1 (CH2, C-7), 39.8 (C, C-8),
47.9 (CH, C-9), 37.3 (C, C-10), 23.7 (CH,, C-11),
122.3 (CH, C-12), 144.6 (C, C-13), 42.1 (C, C-14),

28.2 (CHy, C-15), 23.7 (CH,, C-16), 46.6 (C, C-17),
41.9 (CH, C-18), 46.5 (CH, C-19), 30.9 (C, C-20),
34.2 (CHy, C-21), 33.2 (CHy, C-22), 28.7 (CH3, C-23),
16.4 (CHs, C-24), 15.4 (CHs, C-25), 17.4 (CHg3, C-26),
26.1 (CH3, C-27), 180.0 (C, C-28), 33.2 (CH3, C-29),
23.6 (CHs, C-30). LA by ¥ 15 SR [13] 4 5
A5, W e %A YRR .

&Y 3 AR ESI-MS miz: 479 [M +
Na]*, 455 [M — H]", %3134 CaoHag03; *H NMR
(600 MHz, CsDsN): & 1.24 (3H, s), 1.23 (3H, s), 1.06
(3H, s), 1.03 (3H, d, J = 5.5 Hz), 1.01 (3H, s), 0.96
(3H, d,J=6.3Hz),0.89 (3H,s), 2.64 (1H, d, J = 11.4 Hz,
H-18), 3.46 (1H, m, H-3), 5.48 (1H, t, J = 3.0 Hz, H-12);
13C NMR (150 MHz, CsDsN): d 39.1 (CH,, C-1), 28.0
(CHa, C-2), 78.1 (CH, C-3), 39.2 (C, C-4), 55.9 (CH,
C-5), 18.8 (CH;, C-6), 33.6 (CH,, C-7), 39.9 (C, C-8),
47.9 (CH, C-9), 37.4 (C, C-10), 23.6 (CH, C-11),
125.6 (CH, C-12), 139.3 (C, C-13), 425 (C, C-14),
28.6 (CH2, C-15), 24.8 (CH,, C-16), 48.1 (C, C-17),
53.5 (CH, C-18), 39.5 (CH, C-19), 39.3 (CH, C-20),
31.0 (CHy, C-21), 37.3 (CHy, C-22), 28.7 (CHs, C-23),
16.4 (CHs, C-24), 15.7 (CHs, C-25), 17.3 (CHg3, C-26),
23.6 (CH3, C-27), 179.9 (C, C-28), 21.4 (CHs, C-29),
17.4 (CHs, C-30). LA Fisilidi 5 SCwR[13] 4k iE
A—F, WA S IR

EY 4 HETLEEM AR ESI-MS m/z:
495 [M + NaJ*, 471 [M — H]", 943 [2M — H], 967 [2M +
Na]*, 720N CaoHag0s; tH NMR (600 MHz, CsDsN):
6 1.30 (3H, s, H-23), 1.25 (3H, s, H-27), 1.17 (3H, s, H-
26), 1.09 (3H, s, H-24), 1.01 (3H, s, H-25), 0.97 (3H, s,
H-29), 0.86 (3H, s, H-30); *C NMR (150 MHz, CsDsN):
§ 48.0 (CH,, C-1), 68.7 (CH, C-2), 83.7 (CH, C-3),
39.7 (C, C-4), 55.9 (CH, C-5), 19.7 (CH,, C-6), 35.3
(CHa, C-7), 42.6 (C, C-8), 51.1 (CH, C-9), 38.7 (C, C-
10), 22.1 (CHy, C-11), 25.4 (CH,, C-12), 137.7 (C, C-
13), 44.7 (C, C-14), 27.6 (CH,, C-15), 33.5 (CH,, C-
16), 48.7 (C, C-17), 129.2 (C, C-18), 41.4 (CH2, C-19),
32.8 (C, C-20), 37.3 (CH,, C-21), 36.4 (CH,, C-22),
29.2 (CH3, C-23), 17.5 (CH3, C-24), 17.8 (CHs, C-25),
18.1 (CHs, C-26), 21.1 (CHs, C-27), 178.9 (C, C-28),
32.2 (C, C-29), 24.3 (CHs, C-30). LA i ¥ 5 ¢
BR[L4)RTE I A — 5, Wb 2 %4k S9N 20,3p-di-
hydroxyolean-13(18)-en-28-oic acid.
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&Y 5 FETGE MR ESI-MS m/z:
509 [M + NaJ*, 485 [M — H]-, 4T 3UN CaoHaeOs;
!H NMR (600 MHz, CD3sOD): § 5.29 (1H, m, H-12),
3.16 (1H, m), 1.25 (3H, s), 1.17 (3H, s), 1.16 (3H, ),
0.98 (3H, s), 0.95 (3H, s), 0.82 (3H, s), 0.78 (3H, s);
3C NMR (150 MHz, CDs;OD): ¢ 38.1 (CH,, C-1),
27.8 (CHy, C-2), 79.7 (CH, C-3), 39.8 (C, C-4), 56.7
(CH, C-5), 19.5 (CH2, C-6), 32.7 (CH,, C-7), 39.8 (C,
C-8), 47.4 (CH, C-9), 38.1 (C, C-10), 24.1 (CHy, C-
11), 124.4 (CH, C-12), 1445 (C, C-13), 41.6 (C, C-
14), 28.7 (CH2, C-15), 24.5 (CH,, C-16), 46.8 (C, C-
17), 41.2 (CH, C-18), 40.5 (CH,, C-19), 42.8 (C, C-
20), 29.5 (CH2, C-21), 34.0 (CH,, C-22), 28.7 (CHs,
C-23), 16.3 (CH3, C-24), 15.9 (CH3, C-25), 17.7 (CHs,
C-26), 26.3 (CHs, C-27), 181.3 (C, C-28), 181.9 (C,
C-29), 19.7 (CHs, C-30). LA Lyt % 5 SCHik[15]
T FEA — 2, Wt 2 AL A0 serratagenic acid.

&Y 6 HETGE A AR ESI-MS m/z:
509 [M + Na]*, 485 [M — H]", 43730 A CaoHaeOs;
'H NMR (600 MHz, CsDsN): 6 5.49 (1H, m, H-12),
3.42 (1H, m), 1.44 (3H, s), 1.29 (3H, s), 1.04 (3H, ),
1.02 (3H, s), 0.95 (3H, s), 1.01 (3H, s), 0.96 (3H, s);
13C NMR (150 MHz, CsDsN): & 37.6 (CHz, C-1), 26.2
(CH2, C-2), 74.0 (CH, C-3), 53.0 (C, C-4), 50.5 (CH,
C-5), 20.2 (CH,, C-6), 31.6 (CH>, C-7), 38.6 (C, C-8),
46.0 (CH, C-9), 35.3 (C, C-10), 22.3 (CH,, C-11),
122.4 (CH, C-12), 143.3 (C, C-13), 40.7 (C, C-14),
26.8 (CHy, C-15), 22.2 (CH,, C-16), 45.1 (C, C-17),
40.5 (CH, C-18), 45.0 (CH,, C-19), 29.5 (C, C-20),
32.7 (CHa, C-21), 31.5 (CHg, C-22), 179.5 (C, C-23),
10.7 (CHs, C-24), 14.5 (CH3, C-25), 15.9 (CH3, C-26),
24.7 (CH3, C-27), 178.7 (C, C-28), 31.8 (CH3, C-29),
22.3 (CHs, C-30). LA ik Hdi 5 SCHR[16] 4k 18
A—FL, W A G4 gypsogenic acid.

&Y 7T AEKAK; ESI-MSm/z: 481 [M +
Na]*, 457 [M — H]’, ﬁ%fﬁy\j CooH4604; IH NMR
(600 MHz, CsDsN): ¢ 5.57 (1H, br.s), 3.37 (1H, dd, J =
14.0, 3.8 Hz), 1.59 (3H, 5),1.27 (3H, s), 1.25 (3H, s),
1.04 (3H, s), 1.03 (3H, 5), 0.90 (3H, s); *C NMR (150 MHz,
CsDsN): 6 38.8 (CH2, C-1), 28.7 (CHa, C-2), 78.0
(CH, C-3), 39.6 (C, C-4), 55.7 (CH, C-5), 18.7 (CH_,
C-6), 33.2 (CHs, C-7), 39.3 (C, C-8), 48.0 (CH, C-9),
37.2 (C, C-10), 23.6 (CH., C-11), 122.6 (CH, C-12),

144.2 (C, C-13), 42.0 (C, C-14), 28.2 (CH,, C-15),
23.7 (CH,, C-16), 46.6 (C, C-17), 48.0 (CH, C-18),
49.6 (CH,, C-19), 69.8 (C, C-20), 36.1 (CH,, C-21),
35.0 (CH2, C-22), 28.0 (CHs, C-23), 16.4 (CHs, C-24),
15.4 (CHs, C-25), 17.3 (CHs, C-26), 25.9 (CH3, C-27),
179.9 (C, C-28), 25.5 (CHs, C-29). LA i it¥idk 5
SCHR[L514RE A — 5, Mo e 1Z AL &8 200-
hydroxyl-29-noroleanolic acid.

&Y 8 HOTE R AR: ESI-MS miz:
495 [M + NaJ*, 471 [M — H]", %> T3 A CaoHas0s;
IH NMR (600 MHz, CD30D): ¢ 5.25 (1H, m, H-12),
0.77 (3H, s), 0.81 (3H, s), 0.92 (3H, s), 0.94 (3H, s),
0.96 (3H, s), 1.17 (3H, s); *C NMR (150 MHz, CDz0D):
d 38.2 (CHz, C-1), 27.9 (CH,, C-2), 79.7 (CH, C-3),
39.8 (C, C-4), 56.7 (CH, C-5), 19.5 (CH,, C-6), 34.0
(CHz, C-7), 39.8 (C, C-8), 49.0 (CH, C-9), 36.9 (C, C-
10), 24.0 (CH,, C-11), 123.7 (CH, C-12), 145.2 (C, C-
13), 41.9 (C, C-14), 28.7 (CHy, C-15), 24.5 (CH,, C-
16), 47.9 (C, C-17), 41.4 (CH, C-18), 40.6 (CHy, C-
19), 36.8 (C, C-20), 29.3 (CH,, C-21), 33.1 (CHs, C-
22), 28.8 (CHz, C-23), 16.3 (CHs, C-24), 15.9 (CHs,
C-25), 17.7 (CHs, C-26), 26.4 (CH3, C-27), 181.7 (C,
C-28), 74.4 (CHy, C-29), 19.5 (CH3, C-30). L _EJii
B 5O CER[A7]HRE FEAR— B, MO E A SN
mesembryanthemoidigenic acid .

thEY 9 HETLEEM AR ESI-MS m/z:
537 [M + NaJ*, 513 [M — H]", 43T 30A CaaHs00s;
IH NMR (600 MHz, CDCls): ¢ 0.86 (3H, s, H-25),
0.88 (3H, s, H-23), 0.91 (3H, s,H-30), 0.91 (3H, s,
H-24), 0.99 (3H, s, H-29), 1.15 (3H, s, H-26), 1.31
(3H, s,H-27), 2.06 (3H, s, CH3COO), 3.89 (1H, m,
H-12), 4.50 (1H, dd, J = 11.5, 5.5 Hz, H-3); 13C NMR
(150 MHz, CDClg): § 38.8 (CH, C-1), 23.8 (CHa,
C-2), 81.0 (CH, C-3), 38.1 (C, C-4), 55.5 (CH, C-5),
17.9 (CHg, C-6), 34.2 (CHg, C-7), 42.6 (C, C-8), 44.7
(CH, C-9), 36.6 (C, C-10), 29.1 (CH,, C-11), 76.3
(CH, C-12), 90.8 (C, C-13), 42.3 (C, C-14), 28.2 (CH_,
C-15), 21.5 (CH2, C-16), 44.9 (C, C-17), 51.4 (CH, C-
18), 39.6 (CH2, C-19), 31.8 (C, C-20), 34.4 (CH,, C-
21), 28.3 (CH2, C-22), 27.7 (CHa, C-23), 16.7 (CHs,
C-24), 16.6 (CH3, C-25), 18.8 (CH3, C-26), 18.8 (CHs,
C-27), 180.1 (C, C-28), 33.5 (CH3, C-29), 24.1 (CHs,
C-30), 171.2 (C, C-1"), 21.4 (CHs, C-2"). LA Likiti#
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5 SCER[18] R B A — B, W e e
12a-hydroxy-o-lactone

1.5 HiTEHE

KHIIRE BEVEL G EY) 1~9 PUR
PE, RAEES 3K, DERER RIBE R AEAATEXS
R WAL A B AT IR BE(MIC) . Sk 100 wl
100 wg/mL HIFER AT R )N E BT 1) 96
FUIR L5 11 FIAREL, £ 7.5 mL 3R R FIE IS
5 mL 450 R (10° CFUIML)IR &, & FEFS
100 pL 255 1 255 10 1 LA 3 12 3 pr A ik L
R (0.8 mg/mL)E R (100 pL)IMAFIZE 1 FIAR
U, M 1 FIECH 100 ul IR REE R RIS 2
F, FRIRER 5 (R AR R 2158 3~10 41,
MEE 10 FUHCH 100 pl DAORIEREZIFLH W N

R 1B 1~9 X 4 Fhan i 1R/ MIUE IR E(MIC, ug/mL)

Table 1 MICs (ug/mL) of compounds 1-9 against four bacterial strains

100 plo S5, FEINEFFE S A FLARBON B8 iR 35 77
6,37 CHFE 5~6 h, HRIFLAR VAL BOR 40
TN N IE RN T, B AR
KL, FORTCINBEIE I B AR I S (A R
W JE WA AL S VI B ARAN B R E(MIC). 11 96
FLAR AT R B 2 6 ANMFESL 1 ANPHEXT BERD 1 AN B
PRI o A 7 12 P 4 B B R 5 22 U P e
4 % {0 78] %) BR @ (CMCC26003) . i FF 2 7t AT &
(CMCC63302). #iti e 2 fiu AT £ (CMCC63501) £ =
PRI B B9 290 T T IR B (CMCC51252)

SERRW(R 1), AW 2 F1 3 B SBHMEXT ]
T IR 1 TR 3 25 43 BORH A PR AR AR 3 P 22 FG R
PEGE HFENE, &Y 4 A B BRI TE(MIC=
25 ugimL), i H AR A S T TG B 5 0 BT B O
(MIC>100 ug/mL).

S &%) Compound Wi
Bacteria 1 2 3 4 5~9 Kanamycin sulfate
&R A ERE Staphyloccocus aureus >100 6.250 3.125 >100 >100 3.125
EERE ZEAUAT I Bacillus cereus >100 6.250 6.250 25 >100 6.250
FiEZE MU B. subtilis >100 3.125 6.250 >100 >100 3.125
RAGZEVPTIRE Shigella dysenteriae >100 >100 >100 >100 >100 3.125

2 AR

AHIE FER; = A 22 AL S B AT T R
Giortr, MK QBRI A2 9 =ikl
G, GWAEEAE MR SCER LGS, 23 5 S8
stachlic acid A (1), R (2), Z75RR (3), 20,34-
dihydroxyolean-13(18)-en-28-oic acid (4), serratagenic
acid (5), gypsogenic acid (6), 20a-hydroxyl-29-norolea-
nolic acid (7), mesembryanthemoidigenic acid (8)#1 12a-
hydroxy-é-lactone (9). &%) 3 F1 7 N E XA
B EAR, LAY L. 4. 6 F19 AE RN =1
A B RAG

PURE PRI Z R R, A& 2 703 X 3 F
B2 IRPHPE TS, B0 (08 &) BR AT . A 2 AT i
ARG ELZE MOAT 1, #8A S3E MmIER, AR
W (MIC) N 3.125~6.25 ug/ml, 5 FHPE % I AR R
FIRERFEITSAY, a4 XTIERE 2F AT A
FHHPTR IS E(MIC=25.0 ug/mL). T b &%t
=2 PR T 47 v 1) B TR T PR 25 G S 2 1 A

o XRBAD) 2 A 3 5 = ACE R 2 B
E IS AR e R R S e 7 P i ity 7
WAV ZRE TR A BARIE X, T EATH
FEE EAOME I

= MoRE B BRI ARG R RE S, MUK
AT R ) AR A, R IS 2 T & [
fh RIS PR ZE P ERFAEDS, H AT EAR O
M= ARIEEA 2 B LMoy 20, (2R
PRBT TR D Hdh & ARRAT b BEHEBE A X
= AR AN [R] b4k B AT 22 S VR AE A AR AE B A
D e 2 I EU - BTt
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