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Chemical constituents from Alisma orientalis extracts with hypoglycemic effect
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Abstract: Objective To study the chemical constituents in Alisma orientalis extracts with hypoglycemic effect. Methods To study
the in vivo hypoglycemic effects of A. orientalis extracts, high fat diet (HFD)-induced insulin resistance male C57BL/6J mice were
treated with water and ethanol extracts of A. orientalis in diet, and glucose tolerance test was carried out following the intervention.
Silica gel, ODS, and preparative HPLC were used to isolate the compounds. Their chemical structures were elucidated on the basis of
NMR and MS spectral data. Results Sixteen compounds were identified as sitosterol (1), palmitic acid (2), heptadecanoic acid (3),
eicosanoic acid (4), 11-deoxy-alisol B (5), 23-acetate alisol B (6), 23-acetate alisol C (7), alisol B (8), 24-acetate alisol A (9), alisol G
(10), 24-acetate alisol F (11), alisol L (12), alisol C (13), alisol F (14), alisol A (15), and 16-0x0-24-acetate alisol A (16), and nine of the
triterpenes could improve glucose uptake in HepG2 cells. Conclusion Compounds 3 and 4 are isolated from A. orientalis for the first
time. The water and ethanol extracts of A. orientalis could improve glucose tolerance test. Triterpenes may be one of the therapeutic
material basis in hypoglycemic activities in A. orientalis.
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1). kAR Cpalmitic acid, 2). + L&t
(heptadecanoic acid, 3). 14l (eicosanoic acid,
4), 11-E% P58 B (11-deoxy-alisol B, 5). 23-
LERPETERE B (23-acetate alisol B, 6). 23-Z4 WA
VEWE C (23-acetate alisol C, 7). ¥V5EE B (alisol B,
8). 24-LTPEVEEE A (24-acetate alisol A, 9). ¥
75I% G (alisol G, 10). 24- Lk PRV5EE F (24-acetate
alisol F, 11D, ¥PRV5EE L Calisol L, 12), /5 C
(alisol C, 13). ¥Fi5EE F (alisol F, 14). Fi5HE A
Calisol A, 15). 16-FkK:-24- Z W V5 1 A
(16-ox0-24-acetate alisol A, 16). HA k&M 3. 4
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Bruker AEANCE I AR E4RAL (A [E AT 6 e
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Auto Purification [ zh2lifb R4l & WA (SEH
Waters 2y ) )5 HICHs il 28 B4 CIR N AR A =)D
TR CRE N RS0 28 AT IR 1)) 5 = (0 i ek
Je  FE R R e (5 B34 T AT B2 7] )5 Sephadex
LH-20 %tk ODS-Cyg AHEEE} 50 pm (b4
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Juzep. [WTHEEEE,
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NEWTD KRS IEE K88 B s kel 1)l )
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ND 4145F ¥ iikl, HFD AT rallaiikl, zXS
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JE AT R 2 S0 SIS I 5, ZXS 4145 T
5K SR A = R R OF S T v m IR ikl 5
PS4 25 100 g /KERY, et s g g 25
JrEZE 12 g/kg), ZXC AN T BRTE B YIIR &
e TERE R T8 T g IR DR PR iE AR 2 i
100 g (MEESEY), fedt s 2 2ia 12
o/kg), BFFESRAASTER, 7R/ BRI 11 F,
AT BS9SRI/ A, ARG ip % h
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PRI, FH IO S o UM BE A s T4 b
{H-INFA] () 2k R TRIAR AUC (H DAS 2.0 #4423 # 45
the M AUC Gevtsi i 45 R R W PRTE RS ) A /K $id
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PEIGIE . KR A EREER .
23 FEERIEMUERSDE

FEPRVS REREY) 100 g, HIRERRFERE, LIASIH LA
A1 K-SR B8 (50 @ 1—0 1 1) BAEEVEN, 753
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AN BB B Ve R 22 TLC R ER KGR, W Hm &
Sephadex LH-20 &k AE ik Z3 2654 5
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Fig. 2 Area under curve of glucose tolerance test
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Fr. 4 K H v -ODS il #% 73 25 F1 Waters [ 34l
R GEH WA El %, 3G 8 (255 mg). 9
(120 mg). 10 (12 mg). 11 (8 mg). Fr. 5 KHl
JE-ODS a1 454> 25 1 Waters [ 3414k 22 4854
WSS, 38MbE4 12 (20 mg). 13 (22 mg).
14 (10 mg). 15 (55mg). 16 (11 mg).
24 HEHEFE

WEY 1. TEEHIRG S (BER B, iR &
FEnat, 5 Bﬁ“‘@%ﬁﬁ"’ﬁ%%ﬁ Bfiﬁ
Rf fEAH[A. ESI-MS m/z: 437 [M+Na]*, 73T
CaoHsoO, AHX 4> 5t 4y 414, "H-NMR (400 MHz,
CDCls) : 3.45 (1H, ddd, J = 6.4, 10.8, 16.0 Hz, H-3),

5.37 (1H, d, J = 5.2 Hz, H-4); *C-NMR (100 MHz,
CDCly) 6: 37.2 (C-1), 31.5 (C-2), 71.8 (C-3), 42.3
(C-4), 140.7 (C-5), 121.7 (C-6), 31.6 (C-7), 31.9
(C-8), 50.1 (C-9), 36.5 (C-10), 21.1 (C-11), 28.2
(C-12), 42.2 (C-13), 56.7 (C-14), 24.3 (C-15), 39.6
(C-16), 55.9 (C-17), 12.2 (C-18), 19.4 (C-19), 36.1
(C-20), 18.7 (C-21), 33.9 (C-22), 26.0 (C-23), 45.8
(C-24), 29.1 (C-25), 19.0 (C-26), 19.8 (C-27), 23.0
(C-28), 11.8 (C-29). LA L%#is 5 SCHRIRIEFEA —
O, WS E A 1k B B

A 2 FRDIRES & i - @%@ﬁa@%x
WRIR LI 221 (5, ESI-MS m/z: 279 [M+Na]’,
T CieH30,, HIXFSF T 256, 'H-NMR (400
MHz, CDCls) &: 0.88 (3H, t, J = 6.8 Hz, H-16), 1.28
(2HX 12, brs, H-4~15), 1.63 (2H, m, H-3), 2.34 (2H,
t, J = 7.6 Hz, H-2); *C-NMR (100 MHz, CDCl3) 6
180.1 (C-1), 34.1 (C-2), 31.9 (C-3), 29.7 (C-4), 29.6~
29.0 (C-5~13), 24.7 (C-14), 22.7 (C-15), 14.1
(C-16). LA ¥ b5 scikapss s A — 500, e b
HW) 2 JRERAIR o

a3 AR AR, SR LB B L4,
ESI-MS m/z: 293 [M+Na]*, 437z Ci7Has0ps AHNT
431 i 270, 'H-NMR (400 MHz, CDCl5) d: 0.88
(3H, t, J = 6.8 Hz, H-17), 1.28 (2H X 13, brs, H-4~
16), 1.63 (2H, m, H-3), 2.34 (2H, t, J = 7.2 Hz, H-2);
BC-NMR (100 MHz, CDCl;) §: 180.1 (C-1), 34.1
(C-2), 31.9 (C-3), 29.72 (C-4), 29.7~29.1 (C-5~14),
24.7 (C-15), 22.7 (C-16), 14.1 (C-17). LL E¥¥i 5
BRI A 20, Wt 3 LR

WA 4: EHERY AR GE 5 CF B -BE IR LT,
TR L% AR 41 (%, ESI-MS m/z: 335 [M+Na]", 4>
T3 CaoHaOys HIXFS> T i 312, 'H-NMR (400
MHz, CDCls) &: 0.88 (3H, t, J = 6.4 Hz, H-20), 1.28
(2HX 16, brs, H-4~19), 1.63 (2H, m, H-3), 2.34 (2H,
t, J = 7.2 Hz, H-2); *C-NMR (100 MHz, CDCl;)
180.1 (C-1), 34.1 (C-2), 31.9 (C-3), 29.7 (C-4), 29.7~
29.1 (C-5~17), 24.7 (C-18), 22.7 (C-19), 14.1 (C-20).
DL _E ¥l 5 SR A 80, W e A 4 N
B

&Y 5: AR, MROEDEA,
Liebermann-Burchard /M & BH1E . ESI-MS m/z: 479
[M+Na]*, 7T CaoHagOsr FART > T 5 456,
'H-NMR (400 MHz, CDCls) &: 0.81, 1.00, 1.06, 1.07,
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1.20, 1.23, 1.31 (% 3H, s, 30, 19, 28, 29, 18, 26,
27-CHg), 1.03 (3H, d, J = 7.2 Hz, H-21), 2.47 (1H, dd,
J = 5.2, 14.0 Hz, H-12), 2.69 (1H, d, J = 8.4 Hz,
H-24), 3.23 (1H, m, H-23); *C-NMR (100 MHz,
CDCls) d: 31.9 (C-1), 33.8 (C-2), 220.2 (C-3), 47.0
(C-4), 48.2 (C-5), 20.0 (C-6), 34.0 (C-7), 40.6 (C-8),
43.9 (C-9), 36.2 (C-10), 22.6 (C-11), 22.9 (C-12),
140.4 (C-13), 57.3 (C-14), 31.1 (C-15), 28.8 (C-16),
133.7 (C-17), 23.5 (C-18), 22.8 (C-19), 27.7 (C-20),
20.2 (C-21), 38.9 (C-22), 69.3 (C-23), 67.8 (C-24),
59.2 (C-25), 19.1 (C-26), 24.7 (C-27), 29.1 (C-28),
19.7 (C-29), 23.6 (C-30). LA I %ds b5 Sk 1B HE A
—HY, WSEAY 5 11- LA RE B,

B 6: Tothked CFRED, iR CIERN
SR PE A, Liebermann-Burchard Sz 3 g BH T
ESI-MS m/z: 537 [M+Na]*, 2> 13X CaHs0s, A%t
431 i 514, 'H-NMR (400 MHz, CDCl,) &: 0.96,
1.04, 1.05, 1.06, 1.14, 1.31, 1.33 (% 3H, s, 30, 19, 28,
29, 18, 26, 27-CHj), 1.02 (3H, d, J = 7.2 Hz, H-21),
1.72 (1H, d, J = 10.8 Hz, H-9), 2.06 (3H, s, OAC),
2.55 (1H, dd, J = 5.6, 13.2 Hz, H-12), 2.73 (1H, d, J =
8.4 Hz, H-24), 3.80 (1H, m, H-11), 4.61 (1H, m,
H-23); *C-NMR (100 MHz, CDCl,) d: 30.9 (C-1),
33.7 (C-2), 220.0 (C-3), 46.9 (C-4), 48.4 (C-5), 20.0
(C-6), 34.1 (C-7), 40.7 (C-8), 50.0 (C-9), 36.9 (C-10),
70.2 (C-11), 34.5 (C-12), 138.0 (C-13), 57.0 (C-14),
30.6 (C-15), 29.1 (C-16), 134.2 (C-17), 23.1 (C-18),
25.6 (C-19), 27.8 (C-20), 20.0 (C-21), 36.7 (C-22),
71.4 (C-23), 65.0 (C-24), 58.4 (C-25), 19.4 (C-26),
24.6 (C-27), 29.5 (C-28), 20.1 (C-29), 23.8 (C-30), 169.9
(C-31), 21.1 (C-32). LA _F-¥iedis 5 Sk s A5,
M AT 6 0 23- LTS BE B

WA 7: AR (FED, BRlR CRRnHE
TP, BT 365 nm EAMT T WK (B,
Liebermann- Burchard W {2 PHYE . ESI-MS m/z: 551
[M+Na]", 4313 CaHagOss AHXI /T Jii 2 528.
'H-NMR (400 MHz, CDCls) 4: 0.89, 1.07, 1.08, 1.10,
1.23, 1.29, 1.32 (% 3H, s, 30, 29, 28, 19, 26, 27,
18-CH3), 1.19 (3H, d, J = 6.8 Hz, H-21), 1.76 (1H,
ddd, J = 4.0, 10.8, 14.8 Hz, H-22), 1.88 (1H, d, J =
11.2 Hz, H-9), 2.06 (3H, s, OAc), 2.62 (1H, m, H-20),
2.72 (1H, d, J = 8.4 Hz, H-24), 2.89 (1H, dd, J = 5.6,
14.0 Hz, H-12), 4.00 (1H, m, H-11), 452 (1H, m,

H-23); *C-NMR (100 MHz, CDCl,) d: 30.8 (C-1),
33.5 (C-2), 220.0 (C-3), 46.9 (C-4), 48.4 (C-5), 19.9
(C-6), 34.8 (C-7), 40.1 (C-8), 48.8 (C-9), 36.9 (C-10),
69.8 (C-11), 35.6 (C-12), 176.8 (C-13), 49.7 (C-14),
45.7 (C-15), 207.9 (C-16), 138.5 (C-17), 23.0 (C-18),
25.5 (C-19), 26.6 (C-20), 20.0 (C-21), 35.6 (C-22),
71.8 (C-23), 64.9 (C-24), 58.6 (C-25), 19.7 (C-26),
24.6 (C-27), 29.5 (C-28), 19.2 (C-29), 23.1 (C-30),
170.0 (C-31), 21.1 (C-32). LA I %ds 15 ek 1B Fe A
— I, WUSSE A Tk 23- LRV C.

&Y 8: AEILETEMA, R O
4, Liebermann-Burchard S 2 FH % . ESI-MS m/z:
495 [M+Na]", 73 1 38 CagHugOu» X} 231 5 472,
'H-NMR (400 MHz, CDCl3) §: 0.99, 1.05, 1.06, 1.07,
1.12, 1.24, 1.31 (% 3H, s, 30, 19, 28, 29, 18, 26,
27-CH3), 1.02 (3H, d, J = 6.8 Hz, H-21), 1.55 (1H,
ddd, J = 3.6, 10.4, 14.0 Hz, H-22q), 1.73 (1H, d, J =
10.8 Hz, H-9), 2.69 (1H, d, J = 8.4 Hz, H-24), 2.79
(1H, dd, J = 5.6, 13.2 Hz, H-12), 2.90 (1H, m, H-22),
3.21 (1H, m, H-23), 3.87 (1H, ddd, J = 5.6, 10.4, 10.8
Hz, H-11); **C-NMR (100 MHz CDCls) &: 31.0 (C-1),
33.7 (C-2), 220.2 (C-3), 46.9 (C-4), 48.5 (C-5), 20.0
(C-6), 34.3 (C-7), 40.6 (C-8), 49.7 (C-9), 36.9 (C-10),
69.9 (C-11), 34.4 (C-12), 138.0 (C-13), 57.0 (C-14),
30.6 (C-15), 29.1 (C-16), 134.9 (C-17), 23.3 (C-18),
25.5 (C-19), 27.7 (C-20), 20.1 (C-21), 38.8 (C-22),
69.1 (C-23), 67.8 (C-24), 59.2 (C-25), 19.1 (C-26),
24.9 (C-27), 29.5 (C-28), 20.0 (C-29), 23.9 (C-30). LI
Mt S SRR E A B, S 8 N
PRSI Bo

B 9: Tkl (L), Bl LI
O BF i, Liebermann-Burchard f v & BHYE . ESI-MS
m/z: 555 [M+Na]", 4> 7 CaHs06, AHXS 51
532, 'H-NMR (400 MHz, CDCl3) 6: 0.99, 1.00,
1.06, 1.07, 1.14, 1.16, 1.30 (% 3H, s, 18, 19, 29, 30,
28, 26, 27-CH5), 0.99 (3H, d, J = 6.8 Hz, H-21), 1.75
(1H, d, J = 10.8 Hz, H-9), 2.19 (3H, s, OAc), 2.81
(2H, m, H-12, 20), 3.85 (2H, overlapped, H-11, 23),
4.60 (1H, brd, J = 1.2 Hz, H-24); *C-NMR (100 MHz
CDCls) §: 31.0 (C-1), 33.7 (C-2), 220.1 (C-3), 46.9
(C-4), 48.5 (C-5), 20.0 (C-6), 34.3 (C-7), 40.5 (C-8),
49.7 (C-9), 36.9 (C-10), 70.0 (C-11), 34.5 (C-12),
137.9 (C-13), 57.0 (C-14), 30.5 (C-15), 29.1 (C-16),
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135.2 (C-17), 23.2 (C-18), 25.5 (C-19), 27.9 (C-20),
19.9 (C-21), 39.7 (C-22), 69.0 (C-23), 78.7 (C-24),
73.8 (C-25), 27.4 (C-26), 26.5 (C-27), 29.5 (C-28),
20.0 (C-29), 24.1 (C-30), 170.8 (C-31), 20.7 (C-32).
DL e 5 sk s A 500, wE e 9
h 24- LR FEIETE Al

&4 10: Ik A, ESI-MS m/z: 495 [M+
Na]", 73 138 CaoHagOur AR 4> T 5Tt 472."H-NMR
(400 MHz CDCls) 8: 0.99, 1.01, 1.06, 1.07, 1.14 (%
3H, s, 30, 19, 29, 28, 18, 26-CH3), 1.68 (3H, s, H-27),
1.00 (3H, d, J = 7.2 Hz, H-21), 1.74 (1H, d, J = 10.8,
H-9), 2.82 (1H, dd, J = 5.2, 13.2 Hz, H-12), 3.35 (1H,
ddd, J = 3.2, 6.4, 10.0 Hz, H-23), 3.79 (1H,d, J = 6.4
Hz, H-24), 3.88 (1H, m, H-11), 4.95 (1H, brs, H-26a),
4.99 (1H, brs, H-26b); **C-NMR (100 MHz, CDCls) &
30.6 (C-1), 33.7 (C-2), 220.1 (C-3), 46.9 (C-4), 48.5
(C-5), 20.3 (C-6), 34.6 (C-7), 40.6 (C-8), 49.7 (C-9),
36.9 (C-10), 70.1 (C-11), 34.2 (C-12), 137.5 (C-13),
57.0 (C-14), 31.0 (C-15), 29.1 (C-16), 135.5 (C-17),
23.3 (C-18), 25.6 (C-19), 28.3 (C-20), 20.0 (C-21),
38.3 (C-22), 70.5 (C-23), 79.5 (C-24), 144.5 (C-25),
114.0 (C-26), 17.9 (C-27), 29.5 (C-28), 20.0 (C-29),
24.0 (C-30). LA ¥l b ek s — 5, iy
USTEAAY) 10 HEERE G.

AW 11: AR, TR OB 5 W 3 T,
ESI-MS m/z: 553 [M+Na]*, 4T3 CaHs0g, AHX
431 iR 530, 'H-NMR (400 MHz, CDCl,) &: 0.85,
1.06, 1.06, 1.07, 1.12, 1.24, 1.37 (4% 3H, s, 30, 19, 29,
28, 18, 26, 27-CHj), 1.16 (3H, d, J = 7.2 Hz, H-21),
1.75 (1H, d, J = 10.8 Hz, H-9), 2.19 (3H, s, OAG),
2.70 (1H, m, H-12), 2.81 (1H, m, H-20), 3.79 (1H, m,
H-11), 4.27 (1H, brd, J = 12.0 Hz, H-23), 4.46 (1H,
dd, J = 5.2, 8.0 Hz, H-16), 4.74 (1H, brd, J = 2.4 Hz,
H-24); *C-NMR (100 MHz, CDCls) 6: 30.7 (C-1),
33.5 (C-2), 219.8 (C-3), 46.9 (C-4), 48.1 (C-5), 19.8
(C-6), 33.8 (C-7), 40.5 (C-8), 49.6 (C-9), 36.9 (C-10),
70.5 (C-11), 34.3 (C-12), 137.3 (C-13), 55.3 (C-14),
39.1 (C-15), 80.9 (C-16), 132.5 (C-17), 24.2 (C-18),
25.5 (C-19), 26.6 (C-20), 18.2 (C-21), 34.0 (C-22),
725 (C-23), 77.3 (C-24), 72.8 (C-25), 26.6 (C-26),
27.8 (C-27), 29.6 (C-28), 20.0 (C-29), 23.6 (C-30),
171.2 (C-31), 20.8 (C-32), LA b3l 55 SRR S A
— M, O E A 11 K 24- LRV EE F

& 12: Itk K, ESI-MS m/z: 491 [M+
Na]*, 73 73X CaoHasOur AR > 75t i 468. "H-NMR
(400 MHz, CDCl;) 6: 0.97, 0.97, 1.08, 1.12, 1.12,
1.19, 1.32 (% 3H, s, 19, 30, 29, 28, 18, 26, 27-CHs),
1.25 (3H, d, J = 7.2 Hz, H-21), 2.41 (1H, d, J = 10.8
Hz, H-9), 2.71 (1H, d, J = 8.0 Hz, H-24), 3.02 (1H, m,
H-22), 3.14 (1H, m, H-23), 6.18 (1H, dd, J = 2.0, 10.0
Hz, H-12), 6.72 (1H, dd, J = 3.2, 10.0 Hz, H-11); “*C-
NMR (100 MHz, CDCls) ¢: 32.2 (C-1), 33.3 (C-2),
219.0 (C-3), 47.2 (C-4), 46.1 (C-5), 19.2 (C-6), 31.2
(C-7), 39.1 (C-8), 48.1 (C-9), 36.0 (C-10), 138.5
(C-11), 122.1 (C-12), 171.5 (C-13), 47.7 (C-14), 44.4
(C-15), 208.0 (C-16), 138.2 (C-17), 24.1 (C-18), 24.9
(C-19), 25.8 (C-20), 19.4 (C-21), 38.4 (C-22), 69.4
(C-23), 67.5 (C-24), 59.0 (C-25), 19.3 (C-26), 24.7
(C-27), 29.2 (C-28), 19.2 (C-29), 21.9 (C-30). LA L%k
i Sk AR 3, A 12
TEIE Lo

WY 13: FERK, Bk ORI EIC
PERL, BT 365 nm EAMT R BoR i (5t 1. ESI-MS
m/z: 509 [M+Na]", 73T CaoHaeOs, XT3 T
486, 'H-NMR (400 MHz, CDCI3) 6: 0.91, 1.07,
1.08, 1.11, 1.13, 1.16, 1.29 (%% 3H, s, 30, 29, 28, 19,
26, 27, 18-CHs), 1.23 (3H, d, J = 7.2 Hz, H-21), 1.89
(1H, d, J = 10.8 Hz, H-9), 2.69 (1H, d, J = 8.0 Hz,
H-24), 2.92 (1H, m, H-20), 3.16 (1H, dd, J = 5.6, 14.0
Hz, H-12), 3.06 (1H, m, H-23), 4.05 (1H, m, H-11);
BC-NMR (100 MHz, CDCl;) 6: 30.8 (C-1), 33.5
(C-2), 219.3 (C-3), 46.9 (C-4), 48.4 (C-5), 19.9 (C-6),
34.9 (C-7), 39.9 (C-8), 48.6 (C-9), 36.9 (C-10), 69.4
(C-11), 35.7 (C-12), 176.5 (C-13), 49.7 (C-14), 45.5
(C-15), 208.1 (C-16), 139.3 (C-17), 23.2 (C-18), 25.4
(C-19), 26.2 (C-20), 20.0 (C-21), 37.7 (C-22), 69.7
(C-23), 67.6 (C-24), 59.3 (C-25), 19.4 (C-26), 24.8
(C-27), 29.5 (C-28), 19.1 (C-29), 23.5 (C-30). LA L%k
Wi 5 R A S, sE A 13 b
151 Co

WA 14: AEKR, BRIR B 6 A5 A
ESI-MS m/z: 511 [M+Na]", %312\ C5HagOs» 5
4% 15t 488, 'H-NMR (400 MHz, CDCl3) 6: 0.90,
1.08, 1.09, 1.10, 1.26, 1.27, 1.32 (4% 3H, s, 30, 19, 29,
28, 18, 26, 27-CH3), 1.19 (3H, d, J = 7.2 Hz, H-21),
1.76 (1H, d, J = 10.8 Hz, H-9), 2.66 (1H, dd, J = 5.6,
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12.4 Hz, H-12), 2.86 (1H, m, H-20), 3.07 (1H, brd, J =
8.0 Hz, H-24), 3.82 (1H, ddd, J = 5.6, 10.8, 10.8 Hz,
H-11), 4.05 (1H, brd, J = 11.6 Hz, H-23), 4.48 (1H,
dd, J = 4.8, 8.8 Hz, H-16); *C-NMR (100 MHz,
CDCls) d: 30.7 (C-1), 33.9 (C-2), 219.8 (C-3), 46.9
(C-4), 48.2 (C-5), 19.9 (C-6), 33.6 (C-7), 40.5 (C-8),
49.6 (C-9), 36.9 (C-10), 70.5 (C-11), 34.9 (C-12),
136.9 (C-13), 55.3 (C-14), 39.4 (C-15), 80.1 (C-16),
133.1 (C-17), 24.4 (C-18), 25.4 (C-19), 26.6 (C-20),
18.3 (C-21), 33.9 (C-22), 72.6 (C-23), 77.2 (C-24),
73.3 (C-25), 26.5 (C-26), 27.0 (C-27), 29.6 (C-28),
20.0 (C-29), 23.6 (C-30) LA I %i# 5 SCHRIR 1B FEA
— 5, WA 14 WIS F.

A 15: FIER AR, BIR S 0 4T (4 B A,
Liebermann-Burchard /< 2% fH 1. ESI-MS m/z: 513
[M+Na]", 4313 CaoHaOss AHXT 71 )i 2 490
'H-NMR (400 MHz, CDCl3) ¢: 1.00, 1.06, 1.06, 1.07,
1.14, 1.22, 1.27 (% 3H, s, 18, 19, 29, 30, 28, 26,
27-CHs), 1.01 (3H, d, J = 6.8 Hz, H-21), 1.66 (1H, m,
H-22), 1.75 (1H, d, J = 10.8 Hz, H-9), 2.79 (1H, dd,
J = 5.6, 13.2 Hz, H-12), 3.01 (1H, brs, H-24), 3.79
(1H, dd, J = 3.2, 9.6 Hz, H-23), 3.88 (1H, m, H-11);
BC-NMR (100 MHz, CDCl) 6: 31.0 (C-1), 33.7
(C-2), 220.2 (C-3), 46.9 (C-4), 48.5 (C-5), 20.0 (C-6),
34.3 (C-7), 40.5 (C-8), 49.7 (C-9), 36.9 (C-10), 70.0
(C-11), 34.5 (C-12), 137.5 (C-13), 57.0 (C-14), 30.5
(C-15), 29.2 (C-16), 135.6 (C-17), 23.1 (C-18), 25.6
(C-19), 28.3 (C-20), 20.1 (C-21), 40.0 (C-22), 69.4
(C-23), 77.5 (C-24), 74.2 (C-25), 27.3 (C-26), 26.0
(C-27), 29.5 (C-28), 20.0 (C-29), 24.1 (C-30). LA %k
i 5 SRR R A, sE A 15
TERE Ao

& 16: Ik A, ESI-MS m/z: 569 [M+
Na]", 73 13 CaHsoO7s AR 4> 15t 546. "H-NMR
(400 MHz, CDCI3) ¢: 0.89, 1.07, 1.08, 1.12, 1.13,
1.24, 1.33 (% 3H, s, 18, 19, 29, 30, 28, 26, 27-CHj),
1.16 (3H, d, J = 6.4 Hz, H-21), 1.94 (1H, d, J = 9.6
Hz, H-9), 2.20 (3H, s, OAc), 3.20 (1H, dd, J = 6.0,
14.0 Hz, H-12), 3.79 (1H, dd, J = 2.4, 9.2 Hz, H-23),
4.05 (1H, m, H-11), 4.60 (1H, brd, J = 1.2 Hz, H-24);
BC-NMR (100 MHz, CDCl) &: 31.9 (C-1), 33.5
(C-2), 219.5 (C-3), 46.9 (C-4), 48.4 (C-5), 20.8 (C-6),
34.9 (C-7), 40.1 (C-8), 48.7 (C-9), 36.9 (C-10), 69.8

(C-11), 39.4 (C-12), 177.4 (C-13), 50.1 (C-14), 45.6
(C-15), 209.4 (C-16), 140.0 (C-17), 22.9 (C-18), 25.3
(C-19), 25.6 (C-20), 20.0 (C-21), 36.1 (C-22), 72.6
(C-23), 784 (C-24), 69.5 (C-25), 27.1 (C-26), 26.8
(C-27), 29.5 (C-28), 19.2 (C-29), 23.4 (C-30), 170.9
(C-31), 21.3 (C-32). bh_F- e 5 cikapisi s A — 55,
BB 16 4 16-F3E-24 RIS RE A

3 EFB=RERIMNEREEER

FEVS s 5~16, AR MTT vE e )
HepG2 41 Mu i) 2 447 259 5 , o 11- L4051 B
(5). 23-LEAFTERE C (7). 24-LFRETERE F (11),
PRVGIE L (12). PEEREC (13). PRISEEF (14).
16-PFE-24- LR BRVEEE A (16) S BHE 25 2 4% 51 i
(Ros) s A& 25 25 % 10 F1 20 pmol/L, 1y 23-
LIPEERE B (6). FEIERE B (8). 24- LIS
A (9). FIEREG (10). PRIGHE A (15) &%
5 F1 10 umol/L, {E FIRWEE N S5AYIx% HepG2
MM ST —BE AL IR R E VAN R
FIET HepG2 4iffary 2-NBDG M, 2-NBDG
[2-(N-7-F2E-2, 1, 3-IR I mk-4-G L )-2- JIi 4507
ZIRE] S AR R AR 2R . # HepG2 4
M LABEFL 1} 10* AN s B B P 45 96 FLAGEHR,
H DMEM (b8 77 3 B0 ) _L R o FE IR 2675 AR fk
HWIALEE 24 h G, EIRETIE, {# ] DMEM EH
RS (5 100 pmol/L 2-NBDG) #3595 90 min, 3
b, PBS T UE 3 KGN 70 uL % 1% Triton X-100
PBS ¥, ®ECZLAA M 10 min J5, 11 30 uL DMSO
P 4520 Ja SR T G IEFRAY Aex 485 nm Fl e 520
nm ARSI ClRI ARSI S S e s, RGN i Ak
HRAD o I0 I LA 4 24 5 40 B 9 ' E AR ok S It 4h
22 0T A 2 R A O PR TR S, B RS
PE= (WA DO — T PR ) / (AR
JEHRFE — OO 25 R 3.

LR AR, S PR SINIAAL, B
SRSy, W 16-3E-24 ZBERRERE A (16). 24-
LRSS A (9, BEREC (13). HEEEA (15)
S 9 A A P A s A B BAT B R
BHEH, 1 11-254 P850 B (5). FRIGREB (8) Al
PEIETE G (10D ST 4H s 2 B B A FH AN ik o
4 i

BT AR EdEIR S, g (PR AR )
Ik b, R BT k. RIRSE, X T
PEVS (K B FE (RIS AT 3, Wl 25120
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Fig. 3 Effect of triterpenes from A. orientalis on glucose uptake in HepG2 cells ( X s, n = 6)
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