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FEEGSESE R B A G, B EAR B PR AR, RN S W AR AR (GKO. T2
LA BT SIRT1 sh i MER — KL KRS IV (DPPIV). 11p-J2 LK [H RSl (11B-HSD) [RHklEtE. 5R Mkl F
TEHEEU P A5 3 6 A= F 3 AN SR EY), 7 9% 52 N meliastatin 3 (1) TFARIE (2) TEBRHE B P9 & (3) .« sendanolactone
(4), HIEBEE B (5). 20, 24-FH i HE-7(8)-Hi-16p, 210, 25-=F2FE-3-Hd (6). 3p-F2EE-5, 8- IR FE M 1-6, 22- % (7). 28,
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Triterpenoids and sterols from Melia azedarach and their anti-diabetes activities
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Abstract: Objective To investigate the chemical constituents from the barks of Melia azedarach and their antidiabetes activities.
Methods The constituents were isolated and purified by silica gel, reverse phase silica gel, and Sephadex LH-20 column
chromatography, and their structures were identified by spectra and physiochemical characteristic analysis. The agonist activities of the
isolated triterpenoids against glucokinase (GK) and SIRT1, and the inhibitory activity against dipeptidyl peptidasesIV (DPPIV), and
11B-hydroxysteroid dehydrogenase (11B-HSD) were tested in vitro. Results Six triterpenoids and three sterols were obtained from
MeOH extract in the barks of M. azedarach and were elucidated as meliastatin 3 (1), kulonic acid (2), kulactone (3), sendanolactone
(4), dubione B (5), 20, 24-cyclotirucalla-7(8)-en-16p, 21a, 25-trihydroxy-3-one (6), 3B- hydroxy-5, 8-epidioxy-ergosta-6, 22-diene
(7), 2B, 3B, 4p-trihydroxy-pregn-16-one (8), and 3p-hydroxy-pregn-5, 17 (20)-dien-16-one (9). Compound 2 showed the inhibitory
activity against 113-HSD1 with the 1Cs value of 54.15 nmol/L. Conclusion Compounds 6—9 are obtained from this species for the
first time. The tested compounds 1—4 are inactive against GK, SIRT1, and DPPIV, but compound 2 shows high selectivity against
human 113-HSD.
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LRG89 40 A T 15 R IR L L ) 2 B
Wk T 2010 45 (b E 25y — R0 H AT AT RR
TR B A S SR I i U L 4k
FOB ARG R0, Whsv Ry, SRR R B B A
PR /I BRI B A P 2R e L e R,
H T SR NI T R R R A A B Ay PR PR
W, AR B 2 R R R 4
U 0422 o 64T T 9T, L 3153 6 A=
Witk G 3 MR ED, Sl EE AR
meliastatin 3 (1) % # % C(kulonic acid, 2). %
PR i N BiE (kulactone, 3). sendanolactone (4).
MU B B (dubione B, 5). 20, 24-3 K H &% ke-7(8)-
Ji-16B, 210, 25-—F2FE-3-fi] [20, 24-cyclotirucalla-
7(8)-en-16pB, 21a, 25-trihydroxy-3-one, 6]. 3p-f%
-5, 8- FE M -6, 22- 4 (3B-hydroxy-5,
8-epidioxy-ergosta-6, 22-diene, 7). 2B, 3B, 4B-—
B -4 -16-1 (2B, 3B, 4B-trihydroxy-pregn-
16-one, 8). 3B-FEHE-A1{-5, 17(20)- —/-16-[
[3B-hydroxy-pregn-5, 17(20)-dien-16-one, 9],
L, A 6~9 R IR MY T Ay B A 2] I
X 53 B4 B ()5S 50 A& D HEAT T ARSNDURE PR
PRI . BFFTEE SRR, 2l EW 1~4 BREK
PLH GK. SIRT1 RS zh LA DPPIV i3
P, HALE W 2 XFN 11B-HSD B A R 4F ik #E
1 UE5HH

VG Auto Spec—3000 il {¥ (JE[E VG A );
Bruker AM—400 5 DRX—500 IR0 (i [E
Bruker A ] ); BEFR{Y (SpectraMax 190, Molecular
Device, USA); PHS—3TC AUk pH t (I
RIS A RAFD: #ZEERNAH Uv—210
AN PEETE o HEEERER (200~300 H ), GFass
A B T 2B RPg (40~65 pm)
J3{l [ Merck 2~ w77 s Sephadex LH-20 (40~70
um) A i H Pharmacia 2 @) 7= s )2 €% 10%
(PIBRIR - SR iAo A

ARG I BH X HE ) PSN-GKL 12 P4
fFT (MKO0431, HIX7>7 5 5050 FEE I
(RSV). HE KR H Sigma 2 #]; /NRELA
11B-HSD it Iy H NIH Mammalian Gene
Collection; GK A FikBER I T- Ny, HAX
1% SIRT1 KT A

MM A = E W], b ERRE G R
P AR ER T % N K Melia azedarach L. [P

2 KWAHE
2.1 EEESE

PR T (10 k) BriE, FH 95% 41 60 L
IR AR BRI 3 Uk, DR (RIS 570 g,
AT UG FHESIR ORI 3 IR, 13EEIR L4 HY)
260 g, Ak, SR (1010 D
BEEEDEMG, 7330 7 AN414) Fr. 1~VII. Fr. 11 £kER
FEEE, DA M- IET (10 @ 1—4 0 1) BAEEUR,
T H A5 0, £ 5 33676 mg)5(11.0 mg) .
Fr. Il & RP s AEEIE, DUFEE-K (812101 0)
BEEEVERE, LA Sephadex LH-20 (G4-FEE 1: 1)
Iy, FHREE S, 194659 4 (328.8 mg). 6 (21.8
mg). Fr. IV & rERAE Gk, LAy g k- 74 i
(5:1->1 D) BEEVENL, & RPg AEMIE, DL
BE-7K (703510200 BREVENL, WREEL R, 15
AT (245 mg). Fr. V4 RPjg FEAiE, DL
K (515510000 BEFEBENL, HREEL G, s
1 (213.0mg). 2 (512 mg). Fr. VI St
W, DV (150 158 ¢ 1) BREEUENG, &
RP g (03, DLFFEE-/K (41610 : 0) BREFUEAL,
a8 (17.2mg). 9 (20.5mg).
2.2 LEW 1~4 ERFIRINEERAR
221 GK iEPESHE  dascukarom i w0 Ise o4t
5, FEERRC 5 774 NADPH 7E 340 nm AL
A (EREE N, IS
2.2.2  SIRTI ARANFEPEFGE  HscmkaraE i w8
PRI AT, RIS a2 U KR 2% BRI IR 28 e
GUROGIEA 360 nm, KUK 460 nm), 5
b S
2.2.3 DPPIV #RAHMEMEFRE  HU 5 L 1B /N0
W, A1 pL 10 pumol/L MRk &4 K 44 uL
MgCly &M, T2 5 =i Pl S min, SRJ5 0N
10 puL 0.1 mmol/L X NI LA J 40 uL Z&phifl, it
I, TRAIERABE 3 min BT —RFEEIE (R
He K 380 nm/ KB K 460 nm), HF 18 min,
LI 6 Y, AN E 45 28I )2 6 dh 2k, R
KA IME, LA (LG DPPLV 35 J1{E A 100%,
AL A% DPPIV ELIE 118
224 11B-HSD f&AMIEPEMIE ¥ /D sl A
11B-HSD1 J£[X ¥ 41| 78 % 45 PcDNA3-VSVtag FA% %
LA, ZPRHITEREY) & DNA W PRE G5 T
HEK293 401, 2 G418 (0.75 g/L) ik )5 3154
S YR PRI TR A A 0 T e o R AT A 4 e e O



¢ %% Chinese Traditional and Herbal Drugs 28 45% 28 7% 2014 4 A

* 915~

DAL M $2 T 96 FLET IR, [R1 T4 T 4% 11tk 4 P
T, & 14~20d fE 3RS gl b it v e . B s
JEERES A IS AN B, AR S 20 (4 °CL 1500
r/min, 10 min), E3HMWHKEL (4 C. 10 000
r/min, 1h), BEERERZZr (40 mmol/L Na,HPOy,,
1 mmol/L EDTA, 5% H i) FaUTiE i -1/ i
U\ 11B-HSD1 2liftl, —80 CiHfreH. KM
DA 42 30 ) 5 e AR I A DU AL A /N A
11B-HSD f3MHITER .

3 XL

31 HHEFE

a1 LEEHIRE & (FED . FAB-MS m/z:
517 [M—+H]", 4> T2 Ca31H4506. "H-NMR (500 MHz,
CDCly) d: 8.14 (1H, s, COOH), 5.59 (1H, m, H-23),
5.55 (1H, m, H-24), 5.28 (1H, d, J = 3.1 Hz, H-7),
3.96 (1H, m, H-16), 3.64 (3H, s, -OCHj), 1.27 (3H, s,
H-26), 1.26 (3H, s, H-27), 1.25 (3H, s, H-30), 1.08
(3H, s, H-29), 1.01 (3H, s, H-28), 0.99 (3H, s, H-19),
0.83 (3H, s, H-18); *C-NMR (125 MHz, CDCl3) %t
WA 1o UL Bl 5 Somkion — 5™, et
&) 1 4 meliastatin 3.

&) 2. otk RgE W (HEE. FAB-MS
m/z: 469 [M—H] ", 4> T CaoHasOs0 H-NMR (400
MHz, CDCl3) &: 5.28 (1H, m, H-7), 5.06 (1H, t, J =
6.9 Hz, H-24), 4.10 (1H, t, J = 6.7 Hz, H-16), 1.69
(3H, s, H-26), 1.57 (3H, s, H-27), 1.23 (3H, s, H-30),
1.10 (3H, s, H-29), 1.03 (3H, s, H-28), 1.00 (3H, s,
H-19), 0.81 (3H, s, H-18); C-NMR (100 MHz,
CDCly) ¥uffs W4 1. DA E¥ 5ok — 5,
M AT 2 TR -

a3 LEEPIRG S (FED. EI-MS miz:
452 [M]*, T CaHasOs. "H-NMR (500 MHz,
CDCly) 6: 5.32 (1H, m, H-7), 5.09 (1H, t, J = 6.7 Hz,
H-24), 4.14 (1H, m, H-16), 1.68 (3H, s, H-26), 1.60
(3H, s, H-27), 1.23 (3H, s, H-30), 1.10 (3H, s, H-29),
1.03 (3H, s, H-28), 1.01 (3H, s, H-18), 0.94 (3H, s,
H-19): *C-NMR (125 MHz, CDCls) %l .3 1. LA
L kAR B, SR A Y 3 b
o5 PN T

WA 4: LEBAREG & CHEED . EI-MS m/z:
466 [M]", 4> 13X CaoHsOs. H-NMR (500 MHz,
CDCly) 6: 5.77 (1H, d, J = 2.1 Hz, H-7), 5.08 (1H, t,
J = 6.7 Hz, H-24), 4.15 (1H, m, H-16), 1.68 (3H, s,

H-26), 1.60 (3H, s, H-27), 1.35 (3H, s, H-29), 1.33
(3H, s, H-28), 1.30 (3H, s, H-30), 1.01 (3H, s, H-18),
0.97 (3H, s, H-19); *C-NMR (125 MHz, CDCl;) %%
W 1. DA EHE S somkaan — 5P, we i
&%) 4 4 sendanolactone.

A 5. EEERIRG W (HED. EI-MS m/z:
468 [M]*, 43T CaoHasOso 'H-NMR (400 MHz,
CDCls) 6: 5.35 (1H, t, J = 3.2 Hz, H-7), 5.08 (1H, s,
H-26), 4.98 (1H, s, H-26), 4.82 (1H, s, 16-OH), 4.74
(1H, dd, J = 11.5, 3.0 Hz, H-24), 3.99 (1H, dd, J = 8.5,
4.9 Hz, H-16), 1.80 (3H, s, H-27), 1.32 (3H, s, H-30),
1.12 (3H, s, H-29), 1.04 (3H, s, H-28), 1.02 (3H, s,
H-19), 0.91 (3H, s, H-18); C-NMR (100 MHz,
CDCls) ##ls W4 1. VA% 5ok — 5,
WO G 5 4 r W R B

&) 6. LOEHRE S (HEE. ESI-MS m/z:
471 [M—H]", 4> F X CyoHaeOs. "H-NMR (500 MHz,
CDCly) 6: 5.31 (1H, t, J = 3.1 Hz, H-7), 4.51 (1H, s,
25-OH), 4.19 (1H, m, H-16), 3.92 (1H, d, J = 2.6 Hz,
16-OH), 3.80 (1H, d, J = 9.2 Hz, H-21), 1.23 (3H, s,
H-30), 1.21 (3H, s, H-26), 1.20 (3H, s, H-27), 1.05
(3H, s, H-29), 1.03 (3H, s, H-28), 1.00 (3H, s, H-19),
0.81 (3H, s, H-18); *C-NMR (125 MHz, CDCl3) %%
WA 1o UL %ol 5 Somkian — 3™, et
¥ 6 4 20, 24-F1 H X kE-7(8)-4i-16B, 21a, 25-—F%
F-3-ifd

EW 7. LEERG S (FED. EI-MS miz:
428 [M]", 4> ¥ CogHuOs. 'H-NMR (400 MHz,
CDCls) 6: 6.58 (1H, d, J = 8.5 Hz, H-7), 6.22 (1H, d,
J = 8.4 Hz, H-6), 5.18 (1H, dd, J = 15.2, 7.3 Hz,
H-23), 5.11 (1H, dd, J = 15.0, 7.2 Hz, H-22), 3.94
(1H, m, H-3); *C-NMR (100 MHz, CDCls) % i
# 1. DL bS5 soikaaE 5, e a
7 b 3B-FEIE-5, 8-IAH I A 156, 22- i

&) 8: LERIRE: i (B . FAB-MS m/z:
349 [M—H]", 7> T3 CyH3,04. "H-NMR (500 MHz,
CDCls) 6: 4.15 (1H, brs, H-2), 3.85 (1H, brs, H-4),
3.53 (1H, brs, H-3), 1.26 (3H, s, H-19), 1.02 (3H, d,
J=7.4Hz, H-21), 0.70 (3H, s, H-18); *C-NMR (125
MHz, CDCls) &: 43.0 (C-1), 71.8 (C-2), 72.1 (C-3),
77.0 (C-4), 50.4 (C-5), 25.6 (C-6), 32.3 (C-7), 33.9
(C-8), 56.7 (C-9), 34.9 (C-10), 20.1 (C-11), 38.1
(C-12), 42.1 (C-13), 50.4 (C-14), 38.4 (C-15), 219.4
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£1 LAY 1~7 8 BC-NMR ¥iE
Table1l !*C-NMR data of compounds 1—7
ek 1 2 3 4 5 6 !
1 38.4 38.4 38.2 37.3 38.5 38.4 34.6
2 34.8 34.8 34.7 33.8 34.9 34.9 30.0
3 216.8 216.7 216.3 214.2 216.7 217.1 66.5
4 47.9 47.8 47.8 47.1 47.9 47.8 36.8
5 52.3 52.3 52.5 65.7 52.4 52.4 82.1
6 24.3 24.3 26.0 197.7 24.5 24.3 135.3
7 118.5 118.5 118.4 124.6 118.7 118.4 130.9
8 144.4 144.6 143.4 167.5 144.4 145.0 79.3
9 47.8 47.9 47.8 49.2 48.0 47.8 51.0
10 35.0 35.0 354 43.8 35.0 35.1 37.1
11 17.9 18.0 24.3 16.6 18.1 17.9 23.4
12 32.9 33.1 29.2 28.9 335 32.2 39.3
13 45.4 45.3 39.7 39.3 45.8 45.8 44.3
14 49.7 49.7 55.1 56.0 49.9 49.1 51.6
15 445 44.9 35.6 34.9 43.9 44.5 20.6
16 77.0 76.9 82.4 81.4 77.6 77.3 28.6
17 57.9 58.5 58.1 57.6 58.1 60.8 56.3
18 235 23.2 21.4 21.3 23.2 22.9 12.9
19 12.7 12.7 12.4 135 12.8 12.7 18.3
20 47.9 47.9 45.4 45.2 41.9 47.6 39.7
21 177.0 180.5 180.6 179.8 178.1 80.4 20.9
22 34.2 30.7 29.6 29.1 22.8 23.2 135.2
23 127.2 25.9 26.0 25.9 26.0 25.6 132.3
24 136.6 123.4 123.3 123.1 79.9 54.0 42.8
25 81.8 132.4 132.6 132.9 1415 74.1 33.0
26 24.4 17.7 17.8 179 113.6 235 19.8
27 24.2 25.7 25.6 25.6 18.0 305 19.6
28 24.3 24.3 24.4 25.1 245 245 17.6
29 215 21.5 215 21.6 215 21.6
30 27.7 27.8 32.2 29.6 27.4 28.5
OCH; 51.8

(C-16), 65.3 (C-17), 13.4 (C-18), 17.2 (C-19), 17.6
(C-20), 13.5 (C-21). LA b-¥ed 5 scikapaE 87,
ALY 8 %5k 2B, 3B, 4B-—FEFE-2 {55 -16-H .
G 9: ot IR W CHE-7K 5 T 1).EI-MS
m/z: 314 [M]", 43 13X Cp1H300,. "H-NMR (400 MHz,
CDCls) 6: 6.44 (1H, m, H-20), 5.34 (1H, d, J = 4.9 Hz,
H-6), 3.53 (1H, m, H-3), 1.82 (3H, d, J = 6.8 Hz,
H-21), 1.05 (3H, s, H-19), 1.03 (3H, s, H-18):
BC-NMR (100 MHz, CDCly) &: 42.2 (C-1), 49.7
(C-2), 71.5 (C-3), 49.9 (C-4), 147.7 (C-5), 129.4
(C-6), 32.4 (C-7), 33.8 (C-8), 54.0 (C-9), 36.0 (C-10),

20.7 (C-11), 37.9 (C-12), 42.2 (C-13), 50.2 (C-14),
38.6 (C-15), 206.4 (C-16), 140.9 (C-17), 13.2 (C-18),
17.3 (C-19), 120.9 (C-20), 19.4 (C-21). UL E¥¥5 5 ¢
Mk 0, W E A 9 Ol 3B-ERHE-Z K5,
17(20)-—4i5-16-Fif .

32 EY 1~4 mERREE M

321 GK #AMEMEiE G N GK BshfE
FIfIESEEG AL 3 ¥k, LL 1% DMSO i ilxf I,
PSN-GK1 MBHPEXH, g5 &N (R 2), Zilik
BT I GK Gk

322 AW SIRTLEEFIARINEEfE ik
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AP SIRT1 WSSV E LRI TR 2 K, LA
1% DMSO TN, RSV Ry BHMEXT IR, 455 E 0]
(% 3) ZiMLA WA EA B SIRT1 #hiE k.
323 WEWARAN IS DPPIV 3 PR E DA
MKO0431 Sy BHEX W€ b & 4%F DPPIV [#4i ]
ER, S5REW R4, 2R EWIIAEA B

(] DPPIV ¥4 shiG k.

3.2.4 ALEWARSNMIE] 11B-HSD SR TEfmE  LLH

BRI Ry BT, 52 A A P05 113-HSD 4]
W, AR S, nlsn, ka9 2 XA 118-HSD1
A B R EE R, 83— 20 W A
11B-HSD1 A 11B-HSD2 il %, 2540k 6. 7.

T2 UEWMI~4HIABRE GKEMY (x+£5,n=3)

Table 2 Agonist activity of compounds 1—4 against GK in human pancreatic islet (x £ s, n = 3)

WwEY FiliE / (umol-L™") HARIER WwE il / (umol-L™") RATRIER
1%DMSO — 1.00£0.00 1 10 1.01£0.03
PSN-GK1 0.01 1.17£0.02 2 10 0.99+0.01
PSN-GK1 0.1 1.9340.03 3 10 0.971+0.01
PSN-GK1 1 2.631+0.04 4 10 1.10£0.04

R3 UEWM1~4 BHABRS SIRT1 EFME (x+s,n=2)

Table 3 Agonist activity of compounds 1—4 against SIRT1 in human pancreaticislet (x £+ s, n=2)

WEY) i / (umol-L™") ARG WwEY #E / (umol-L™") ARG
1%DMSO — 1.00£0.00 1 200 0.64%0.07
RSV 50 4,93+0.27 2 200 1.07£0.08
RSV 100 8.411+0.51 3 200 0.95+0.01
RSV 200 10.51£0.08 4 200 0.87£0.13

#z4 WEM1~4 1% DPPIV iF1E
Table 4 Inhibition of compounds 1—4 against DPPIV activity
waEY) A&/ (umol- L™ EEWE 1B / % waEY &/ (umol- L™ LG D18 / %
MKO0431 0.1 25.20 3 10 98.84
1 10 104.35 4 10 111.43
2 10 93.13
x5 WEYW1~4 3R A 118-HSD1 ZUEGHDIHI Z
Table 5 Inhibitory rates of compounds 1—4 against 113-HSD1 in mice and human
et i R /% e Ut/ MEE | %
(nmol-L™") /NELHSDI A HSDI (nmol-L™") /MR HSD1 A HSDI
HEIXIR 1 19.92 16.36 2 1000 15.24 89.47
10 48.67 47.06 1 000 15.18 41.07
100 80.25 84.73 1 000 14.71 41.12
1 1 000 28.31 49.90

F6 AW 23A 11B-HSD1 BHFIE (X+5,n=2)
Table 6 Inhibitory rate of compound 2 against
human 118-HSD1 (x +s,n=2)

waEm #E / (nmol-L™") HHIE /%
HHRRIR 1 10.02+6.53
10 42.0942.18

100 81.53+1.45

2 10 19.10£5.85
30 33.77+3.17

100 57.41+6.80

300 65.72+3.30

1 000 88.471+0.40

£7 kEW2 XA UB-HSD2 BHIHIER (x5, n=2)
Table 7 Inhibitory rate of compound 2 against human
118-HSD2 (x £s5,n=2)

&Y FIE: / (nmol-L™) IR /%
KR 0.01 10.17+1.04
0.1 31.79+4.76
1 56.83+3.98
2 1 20.38+2.10




*918 -

¢ %% Chinese Traditional and Herbal Drugs

FasE FTH 20144 A

M, AW 2 XA 11B-HSD1 [ ICso A
54.15 nmol/L. \3 6 T %I, 5% A 11B-HSD1
A B WAHIEH, 43558 1 mmol/L i X A
11B-HSD2 MIMHIZRET 50%, FEniztbamnt A

11B-HSD2 7 R 4F ik £t .
4 itie

B PRI AR A v LB S AR A A S O R
fE, EEfESE NG, SR ARREN A
SCAERRE R R, PR, MR S T A TR R
T R RAR ) I RN — P RO RN T B A Sl
BB W T MIA Y, ARSNIURE R
WIREN, 2l G ARRIUE GK. SIRT1 44
HNEB ISR DPPLV FIENE I, Horh a4 2 x5 A
11B-HSD HAT RAFAYZEFEE, W) 18 2 [1isk
Z e AT WL HERT A C-25 SRR BEAS [T ke, A
WA HE— DRI A B i T BB -
SE3HK
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