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anti-diabetic activities
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Abstract: Objective To isolate and identify the chemical constituents with anti-diabetic activities from the ethanol extract of
Schisandra sphenanthera fruits. Methods The isolation and purification were performed by silica gel, Sephadex LH-20 gel, and
semi-preparative high performance liquid chromatography. Their structures were elucidated by '"H NMR, '3C NMR, and MS. The
anti-diabetic effect of compound 2 was evaluated by the intraperitoneal glucose tolerance test (IPGTT), intraperitoneal insulin
tolerance test (IPITT), and serum total cholesterol (TC), triglyceride (TG) and insulin (INS) levels in a high-fat diet (HFD)-induced
diabetic mice model. Results A total of 19 compounds were isolated from the ethanol extract of S. sphenanthera fruits. Their
structures were identified as gomisin J (1), kadsurarin (2), pregomisin (3), gomisin O (4), arisanschinin G (5), sieverlignan E (6),
schisantherin A (7), heteroclitin G (8), kadoblongifolin C (9), schisantherin D (10), schisanhenol (11), schizanrin F (12),
7(18)-dehydroschisandro A (13), gomisin M (14), anwulignan (15), eudesmin (16), kadsufolin A (17), 7-ethoxyrosmanol (18),
3,3"-bisdemethylpinoresinol (19). In vivo experiments demonstrated that 2 treatments potently alleviated glucose tolerance and
insulin resistance, and reduced the levels of serum TG, TC, and INS. Conclusion Compounds 6, 8—9, and 16—19 are isolated
from genus Schisandra for the first time, and compounds 2, 5, and 12—13 are found for the first time from this plant. Compound 2
showed a good anti-diabetic activity.
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e TR Schisandra sphenanthera Rehder &
E. H. Wilson A TLRFR Tk @Y, 3= T3
BT, RECYIRDY ) ) b2 T i) 28 B L X R
LRI, S ZBHEY) A o) iz B 1 AR,
b ik RREAS T, B ChEZ )
2010 R MR, FRA “RITRTT, MR E
. A, BAWEENE, AR ANE T
I AE 2T 25 SRR AE 2 R AR rh 24 ) rh 2,
PARHTFERY], B R T B i EE AR R Z AN
A, AL BRI S BA ORI LR
P PR PUHIV SEZRZGEEERS). T4k, #F
FUR RS TUR AR 1R Y7 PR 77 T S T LI
LA S, RS AT A RS R /N R B A
W AEAAFEAE FH AT 70 AN AE 681, AR TR Hi
A TR ST TR RIS T, A
BRI MARIRRM =SS, Kb kT
H 3R CRIE BT R IR A R A1, Oy

15 16 17

T RN IR TUR T8 PRI 5 1 1 g7
AR ARSI A 2 b, D H iRt
ITRGEDE, NHEET 19 Meay (B D, 4
ARXAKE T (gomisin J, 1), kadsurarin (2). Hf
LK (pregomisin, 3D XK O (gomisin O, 4).
arisanschinin G (5). sieverlignan E (6). F.FRT 5
H (schisantherin A, 7). 78 fL 0k 7 B &
(heteroclitin G, 8). kadoblongifolin C (9). FHkT
fig T (schisantherin D, 10)+ FLH& ¥ (schisanhenol,
11). schizanrin F (12). 7(18)-dehydroschisandro A
(13). X K¥ M; (gomisin My, 14). ZHAFER
(anwulignan, 15)+ #%lE%& (eudesmin, 16 ). kadsufolin
A D 7-5A8HKER (7-ethoxyrosmanol, 18).
3,3"-bisdemethyl-pinoresinol (19). 44 P yEVERTFL W,
B 2 REE PRI /N BRI AR AU RN R & 2= i —
SE IBEEE o ASHITFUR] A AV LE RITURE PRI 1
o KA TR T BRI A A R 2%
/O

18 19

1 EY 1~19 L

Fig.1 Chemical structures of compounds 1—19

1 UBRS5MH
1.1 &5

Bruker AVANCE III 400 MHz %A%t 364 i it
1%; Bruker AVANCE III 600 MHz %! % i L4 ik i
{%; Waters 1525/2489 =i 2 Wi AH tA 1% {3 ; Waters
XEVO G2-XS Ji A% ; H AR st AL IR 28 KA
Agilent ZORBAX SB-Cis ti 4+ (250 mm X 9.4 mm,

5um); AL204 BUMEREE)-HER 2 1R
12 RAFIS5HR

ST ER . BERR OBR. & HEE.
S E AR T R (100~200. 300~400 H,
B SR AIL T H /A7), Sephadex LH-20 #j
FWEEEE (GE Healthcare). D12492 & gtk E
WrE AesD) EMHEARERAF; BREWAEST
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GG A A BB XU (metformin
hydrochloride, Met, fit"5 1029L.022), Js AH [ B% (total
cholesterol , TC, %5 BCI1985). H i = B
(triglyceride, TG, 5 BC0625). f#%% (insulin,
INS, %5 SEKM- 0142) S57 &0 B b =3 =R}
HAWRAH,

B LR TRE S0 B BRI, 4 [ R 2R} 2
Bt 24 F AL 0 90 BT 9K AR MBI 9 0 4 5 R TPk TR
Wk EAEY) T B R T S. sphenanthera Rehder & E.
H. Wilson FIRSE, ZiMFrA (HZ202110) fRAFT
R ] 2 R 5t 245 F AR AT 78 T gt e O S 00 =5
1.3 B4

M C57BL/6Y /MK (18~22 g, SPF 40 W H
e ge@Ep RSN EARGRATF, EHIES
SCXK (51) 2021-0006. Zh¥izeT v [EE 25l 2%
Be 2 FAEIE LR s s, IR 20~25 C, ¥
40%~70%, 12 h GHE/12 h BIREAE 8, [ ok ss
. IYSEI S E R R B 2 A T AR
HIZE ikt GHHAESCS SLXD-20210910123).
2 ik
21 REEESE

PRI A 1) e FLR T 45 kg, Mt 34
10 {558 95%-. 80%- 65% L EE[FIHEEL 2 h, FREHUK
IR IRGE 2 TR, & BK A, R A
fik . BATR CERARIREERL, 43 AR BB AL (2.5
kgD BEER L HEHEAL (1.1 kg) KIETEFAL (3.7 kg

FIH BRSO R REAE (100~200 H D, A1 iHifF-
W R L BEBE B BEME, 1930 7 M5y (Fr. A~G). Fr.
G (549 @) SRERAEEIE, AymEE-BE IR 408 (6 & 1~
0: 1) BEFEVEML, 23] 4 N4 Fr. G1~G4. Fr. G3
2224 HPLC (HEE-/K 30 © 70) 408, B3k E
#1 (15mg). 3 (20mg). 4 (8 mg). Fr. G2 &
#14¢ HPLC (HIE-/K 35 1 65) 70, 231kad 2
(287mg). 5 (5mg). 6 (8§ mg). Fr.F (349¢g) &
FERAE L, AlEE-EER OFE (10 2 1~0 0 1) &
FEVEML, 153 5 MR Fr. F1~F5. Fr. F3 fl— & &
AR, #EER, & 11 (310 mg).
Fr. F2 & LH-20 &AL, HEE-/K (90 0 10) ¥
i, 5% 3 ANf Fr. F2.1~23. Fr.F2.1 fl—E&&
HE AR, B R, Ttk &9 7 (800 mg). Fr.
F2.2 221l % HPLC (HE-/K 50 © 500 785, 152
&8 (4.6mg). 9 (7mg). 10 (8 mg). Fr. F4
282141 HPLC (ZfiE-7K 50 @ 500 4385, 182G

P12 (2.5 mg). 13 (5mg). 14 (2 mg) 1 15 (266
mg). Fr. E (182 g) &REAE L. Ffil#% HPLC
(ZHE-7K 65 1 35) 4iifk, 52154 16 (4 mg)
17 (1.5mg). Fr.C (100 g) £ LH-20 BB ik,
FREE-7K (90 : 100 BEME, FHE8 -] 2 VRUAH (i i £
BEMEY) 18 (3.5 mg). EERRLEEHAZ LH-20
B AT BIE A, FHE % HPLC (HEE-7K 25 ¢
75) rE, 3EHLEY 19 (10 mg).

2.2 IHERRRIEMER

2.2.1 sy, ERBKLZZY 50 2 CSTBL/6) /NRGE
NPEGEFE 1 S, BEALE 10 RN AR A2 x4,
BT IEF R, HANREA T 60%m e TkRE S hE
PRIGRERL, JELRMEIE 8 FJ5, LAASIEImAE>11.1
mmol/L & B R /I BB ZRY | £ e D021, B L7y
BRI . BH%EZG (Met, 300 mg/kg) 4. th&d)
2 {57 (10 mg/kg, 2-L) 4. (& 2 &7E (20
mg/kg, 2-H) 4, &4 10 H. FH250 ig HNZ
Yy, WTIRAAIEAA ig SHARRY CMC-Na, &K%

21, HESAH.
222 ip Hi%BEMTE L (intraperitoneal glucose

tolerance test, IPGTT) Fl ip i 5 2 il &= LK
(intraperitoneal insulin tolerance test, IPITT) {36
NI 2545 R 2 AT TPGTT A5, 25 & it
e, ip 2.5 g/kg Hi%EiFE, 0. 30, 60, 90, 120 min
i JRE R PR ML R R R T AR A 0 5 2 R L /KT
VLA AHT 1, 34T IPITT R4, Zaidi
Ji, ip 0.75 U/kg 5525, 0+ 30+ 60. 90. 120 min
J& R ERKCR ML, 52 IR K
2.2.3  FEARUSCEE B IME AL bn il 45 2445,
T sh2E et s, BRIEEUN, 4 °C. 6000 r/min
B40 15 min, HUMIE . KA ELISA {57 &l e i
i TC. TG. INS /K.
2.3 FITFES

KH SPSS 25.0 BAFEAT G TH oA, HdhE A
x5 Koo ZAM L REETZE ST
(One-way ANOVA), *47; 2550 £ B LUK A LSD
5y T ZEAFER A Tamhane's 72 7.
3 #R
3.1 HMEE

&Y 1. AR (HEE. ESI-MS m/z 389.2
[M+H]". 'TH-NMR (600 MHz, CDCl3) &: 0.72 (3H, d,
J=17.1Hz, 18-CH3), 0.96 (3H, d, J= 7.1 Hz, 17-CH3),
1.79 (1H, m, H-8), 1.88 (1H, m, H-7), 2.01 (1H, d, J =
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13.1 Hz, H-9a), 2.23 (1H, dd, J = 13.1, 9.5 Hz, H-9b),
245 (1H, dd, J = 13.6, 1.9 Hz, H-6a), 2.55 (1H, dd,
J = 13.5, 7.4 Hz, H-6b), 3.52 (3H, s, 1-OCH3), 3.52
(3H, s, 14-OCH3), 3.92 (3H, s, 2-OCH3), 3.93 (3H, s,
13-OCH3), 6.63 (1H, s, H-4), 6.63 (1H, s, H-11); 3C-
NMR (150 MHz, CDCl3) d: 148.8 (C-1), 137.5 (C-2),
147.6 (C-3, 12), 113.2 (C-4), 135.0 (C-5), 35.3 (C-6),
41.1 (C-7), 33.9 (C-8), 38.9 (C-9), 140.3 (C-10), 110.2
(C-11), 137.7 (C-13), 150.4 (C-14), 121.5 (C-15),
122.5 (C-16), 21.9 (C-17), 12.6 (C-18), 61.2 (1,
14-OCHs), 60.2 (2, 13-OCH3). DA HiiE 5 SCikikiE
BRI, BUEEE 1 N KE T,

e 2: AR (FEE. ESI-MS m/z 573.2
[M+H]*. "H-NMR (600 MHz, CDCl3) & 1.25 (3H, d,
J=1.1Hz, 18-CH3), 1.33 (3H, d, J= 1.7 Hz, 17-CH3),
1.38 (3H, m, H-4"), 1.57 (3H, s, -COCH3), 1.84 (3H,
dd, J=10.9, 2.4 Hz, H-5'), 3.60 (3H, s, 1-OCH3), 3.72
(3H, s, 14-OCH3), 3.87 (3H, s, 3-OCH3), 3.92 (3H, s,
2-OCHa), 5.66 (1H, d, J = 4.4 Hz, H-9), 5.89 (1H, d,
J = 1.4 Hz, -OCH,0-), 590 (1H, d, J = 1.5 Hgz,
-OCH,0-), 6.42 (1H, s, H-11), 6.78 (1H, s, H-4); 3C-
NMR (150 MHz, CDCl3) d: 151.3 (C-1), 141.1 (C-2),
152.0 (C-3), 110.2 (C-4), 130.2 (C-5), 84.9 (C-6), 73.9
(C-7), 43.1 (C-8), 83.6 (C-9), 132.8 (C-10), 102.1
(C-11), 148.8 (C-12), 135.7 (C-13), 141.0 (C-14),
121.9 (C-15), 120.5 (C-16), 28.9 (C-17), 17.2 (C-18),
127.1 (C-2), 140.0 (C-3"), 15.8 (C-4'), 19.9 (C-5"),
101.1 (-OCH,0-), 60.6 (1-OCH3), 60.5 (2-OCH3),
59.2 (14-OCH3), 56.1 (3-OCH3), 20.6 (-CHs, 9-OAc),
168.9 (-C=0, 9-OAc), 165.8 (-C=0, 6-OAng). b F%f
P 5 SCERROE FE A — 04, WS ENEY 2 N
kadsurarin.

&) 3: AR (HEE. ESI-MS m/z 391.2
[M+H]*. "H-NMR (600 MHz, CDCl3) & 0.85 (6H, d,
J=6.6 Hz, 2X-CH3), 1.75 (2H, m, H-2, 3), 2.23 (2H,
dd, J=13.3,9.2 Hz, H-1a, 4a), 2.68 (2H, J = 13.4,9.2
Hz, H-1b, 4b), 3.84 (6H, s, 2X-OCH3), 3.86 (6H, s, 2 X
-OCH3), 6.25 (2H, d, J = 1.8 Hz, H-2, 2"), 6.42 (2H,
d,J=1.8 Hz, H-6¢, 6""); 3C-NMR (150 MHz, CDCls)
5: 39.5 (C-1, 4), 39.1 (C-2, 3), 16.4 (2,3-CH3), 104.9
(C-2', 2"), 108.7 (C-6', 6"), 133.6 (C-1', 1"), 138.4
(C-3',3"), 149.0 (C-5', 5"), 152.2 (C-4', 4"). VL _E%
P 5 SCHR RS AR — 209, WS e &) 3 T

EY 4: AEKKR (HED. ESI-MS m/z 439.2
[M+NH4]"» 'TH-NMR (600 MHz, CDCls) &: 0.92 (6H,
m, 17, 18-CH3), 1.92 (1H, m, H-8), 4.34 (1H, d, J =
8.2 Hz, H-6), 3.52 (3H, s, 1-OCH3), 3.88 (3H, s,
2-OCHs), 3.90 (3H, s, 3-OCH3), 3.89 (3H, s, 14-OCHj3),
5.95 (1H, d, J = 1.4 Hz, -OCH,0-), 5.96 (1H, d, J =
1.4 Hz, -OCH,0-), 6.55 (1H, s, H-4), 6.43 (1H, s,
H-11); 3C NMR (150 MHz, CDCl3) 6: 152.1 (C-1),
141.8 (C-2), 152.3 (C-3), 110.2 (C-4), 137.2 (C-5),
81.5 (C-6), 40.2 (C-7), 37.2 (C-8), 38.1 (C-9), 135.6
(C-10), 102.7 (C-11), 149.4 (C-12), 134.7 (C-13),
141.6 (C-14), 120.8 (C-15), 122.3 (C-16), 17.7 (C-17),
16.7 (C-18), 60.6 (1-OCH3), 61.0 (2-OCH3), 56.1
(3-OCHj), 59.6 (14-OCH3), 101.0 (-OCH,0-). DA I %d
B SRR IE AR — S0, MU A 4 AROKFE O

a5 Atk R (HEE. ESI-MS m/z 389.2
[M+H]*. "H-NMR (600 MHz, CDCl;) & 0.74 (3H, d,
J=1.1Hz, 18-CH3), 1.00 (3H, d, J= 7.1 Hz, 17-CH3),
1.81 (1H, m, H-7), 1.90 (1H, m, H-8), 2.04 (1H, d, J =
13.0 Hz, H-6a), 2.28 (1H, dd, J = 9.7, 13.0 Hz, H-6b),
2.45 (1H, d, J = 13.4 Hz, H-9a), 2.55 (1H, dd, J = 7.4,
13.4 Hz, H-9b), 3.61 (3H, s, 14-OCH3), 3.90 (3H, s,
3-OCH;), 391 (3H, s, 2-OCH;), 3.91 (3H, s,
13-OCH3), 5.69 (1H, s, 1-OH), 5.75 (1H, s, 12-OH),
6.66 (1H, s, H-11); '3C-NMR (150 MHz, CDCl;) ¢:
146.7 (C-1), 133.5 (C-2), 151.9 (C-3), 104.0 (C-4),
140.0 (C-5), 35.6 (C-6), 41.0 (C-7), 33.9 (C-8), 38.9
(C-9), 135.4 (C-10), 113.8 (C-11), 147.9 (C-12), 137.7
(C-13), 150.3 (C-14), 121.6 (C-15), 115.8 (C-16), 22.0
(C-17), 12.6 (C-18), 61.2 (2-OCH3), 55.8 (3-OCH3),
61.1 (13-OCH3), 60.6 (14-OCH3). LA_F %4 5 ki
TEFEAR—07, W &) 5 4 arisanschinin G.

& 6: HEMK (HEE. ESI-MS m/z 507.2
[M+Na]*. 'H-NMR (600 MHz, CDCl3) &: 0.86 (3H,
d, J = 6.8 Hz, 17-CH3), 1.25 (3H, s, 18-CH3), 1.70
(3H, s, 2-CH3), 1.71 (3H, s, 4-CH3), 1.89 (1H, m,
H-8), 2.35 (1H, d, J= 13.7 Hz, H-6a), 2.70 (1H, d, J =
13.7 Hz, H-6b), 2.41 (1H, m, H-9a), 2.73 (1H, m,
H-9b), 3.51 (3H, s, 1-OCH3), 3.83 (3H, s, 13-OCH3),
3.85 (3H, s, 2-OCH3), 3.88 (3H, s, 3-OCH3), 3.91 (3H,
s, 14-OCH3), 6.56 (1H, s, H-4), 6.70 (1H, s, H-11),
6.85 (1H, m, H-3"); '3C-NMR (150 MHz, CDCl;) ¢:
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151.7 (C-1), 140.1 (C-2), 152.3 (C-3), 110.2 (C-4),
133.0 (C-5), 40.5 (C-6), 71.9 (C-7), 41.9 (C-8), 34.1
(C-9), 133.7 (C-10), 112.7 (C-11), 142.6 (C-12), 139.6
(C-13), 151.6 (C-14), 123.0 (C-15), 122.7 (C-16), 15.9
(C-17), 29.9 (C-18), 165.7 (C-1"), 127.8 (C-2'), 138.2
(C-3"), 12.1 (C-4"), 14.4 (2'-CH3), 60.8 (1-OCH3), 61.0
(2-OCH3), 559 (3-OCH3), 60.6 (13-OCH3), 55.9
(14-OCH3). VA E##E 5 SOk s 2 A — 20181, il
KEWAY) 6 4 sieverlignan E.

&Y 7: AR (HEE. ESI-MS m/z 554.2
[M+NH4]". 'TH-NMR (400 MHz, CDCl;) &: 1.18 (3H,
d, J = 7.1 Hz, 18-CH3), 1.37 (3H, s, 17-CH3), 2.12
(1H, m, H-8), 5.84 (1H, s, H-6), 6.56 (1H, s, H-11),
6.83 (1H, s, H-4), 2.36 (1H, dd, J = 14.0, 9.8 Hz,
H-9a), 2.21 (1H, d, J = 14.0 Hz, H-9b), 7.31 (2H, m,
H-2', 6'), 7.48 (2H, m, H-3', 5'), 7.51 (1H, m, H-4"),
3.30 (3H, s, 1-OCH3), 3.88 (3H, s, 2-OCH3), 3.89 (3H,
s, 3-OCH3), 3.56 (3H, s, 14-OCH3), 5.65 (1H, d, J =
1.6 Hz, -OCH,0-), 5.77 (1H, d, J = 1.6 Hz
-OCH,0-); 3C-NMR (100 MHz, CDCly) §: 152.1
(C-1), 1403 (C-2), 152.3 (C-3), 110.0 (C-4), 135.2
(C-5), 85.0 (C-6), 72.4 (C-7), 42.8 (C-8), 36.6 (C-9),
1343 (C-10), 102.5 (C-11), 1489 (C-12), 130.4
(C-13), 141.9 (C-14), 121.2 (C-15), 122.3 (C-16), 19.1
(C-17), 28.3 (C-18), 164.9 (C-19), 133.0 (C-1), 129.7
(C-2', 6"), 129.5 (C-4"), 128.0 (C-3, 5"), 15.8 (C-23),
60.8 (1-OCH3), 60.9 (2-OCHj3), 56.1 (3-OCH3), 58.8
(14-OCHs), 100.5 (-OCH,0-). PL_E#¥s 5 ki iE
BA—HO, WA T NER TR .

EY 8: REEKHAK (HFEE) ., ESI-MS m/z
423.4 [M+Na]*. 'HNMR (600 MHz, CDCl3) & 0.89
(3H, s, 17-CH3), 0.96 (3H, d, J = 7.0 Hz, 18-CH3),
2.03 (1H, overlapped, H-7), 2.12 (1H, ddd, J = 1.7,
8.3, 18.5 Hz, H-6a), 2.83 (1H, m, H-6b), 3.65 (3H, s,
2-OCHs3), 3.79 (3H, s, 3-OCH3), 4.06 (GH, s,
14-OCH3), 4.39 (1H, d, J = 12.2 Hz, H-9), 5.88 (1H,
d, J = 1.4 Hz, -OCH,0-), 5.92 (IH, d, J = 1.4 Hz,
-OCH;0-), 6.22 (1H, t, J= 2.0 Hz, H-4), 6.73 (1H, s,
H-11); 3C NMR (150 MHz, CDCl3) 6: 197.2 (C-1),
140.0 (C-2), 163.3 (C-3), 112.7 (C-4), 157.9 (C-5),
37.7 (C-6), 38.7 (C-7), 61.9 (C-8), 80.2 (C-9), 142.5
(C-10), 102.2 (C-11), 150.3 (C-12), 136.6 (C-13),
140.1 (C-14), 128.6 (C-15), 75.3 (C-16), 16.0 (C-17),

10.6 (C-18), 101.5 (-OCH,0-), 57.9 (2-OCH3), 59.7
(3-OCH3), 60.1 (14-OCH3). LA L3 5 ek ks 2
A=, WEENEY) 8 MR IR TR,

tEY9: AR (FEE. ESI-MS m/z 431.2
[M+H]*. "H-NMR (600 MHz, CDCl3) & 0.83 (3H, d,
J =10.7 Hz, 9'-CH3), 1.39 (3H, s, 9-CH3), 2.03 (1H,
m, H-8), 2.50 (1H, dd, J = 7.1, 14.1 Hz, H-7a), 3.00
(1H, dd, J = 1.5, 14.0 Hz, H-7b), 3.55 (3H, s,
5-OCH;), 3.84 (3H, s, 5-OCHs3), 3.89 (3H, s,
3-OCHs), 3.89 (3H, s, 4-OCHs), 6.03 (1H, s,
-OCH,0-), 6.04 (1H, s, -OCH,0-), 6.44 (1H, s, H-2"),
6.52 (1H, s, H-2); *C-NMR (150 MHz, CDCL) ¢:
134.6 (C-1), 100.2 (C-2), 148.7 (C-3), 137.4 (C-4),
142.0 (C-5), 118.7 (C-6), 208.8 (C-7), 80.8 (C-8), 23.4
(C-9), 131.1 (C-1"), 111.5 (C-2"), 152.3 (C-3"), 141.0
(C-4"), 1523 (C-5"), 122.2 (C-6'), 34.2 (C-7"), 433
(C-8'), 14.5 (C-9'), 60.0 (5-OCH3), 56.0 (3'-OCH3),
61.3 (4-OCH3), 60.8 (5'-OCH3), 101.6 (-OCH,0-). LA
T HHE S SRR IE SR R0, MU AT 9 N
kadoblongifolin C.

A 10: AERK (FED . ESI-MS m/z 538.2
[M+NH,]*. 'TH-NMR (400 MHz, CDCls) &: 1.17 (3H,
d, J=7.1 Hz, H-18), 1.36 (3H, s, H-17), 2.10 (1H, m,
H-8), 5.70 (1H, s, H-6), 6.54 (1H, s, H-11), 6.75 (1H,
s, H-4), 2.40 (1H, dd, J = 14.0, 9.8 Hz, H-9a), 2.21
(1H, d, J = 14.0 Hz, H-9b), 7.31 (2H, m, H-2', ¢'),
7.48 (2H, m, H-3', 5'), 7.51 (1H, m, H-4"), 3.36 (3H, s,
1-OCH3), 3.81 (3H, s, 14-OCH3), 5.58 (1H, d, J= 1.6
Hz, -OCH,0-), 5.74 (1H, d, J = 1.6 Hz, -OCH,0-),
5.98 (1H, d, J = 1.5 Hz, -OCH,0-), 6.01 (1H, d, J =
1.5 Hz, -OCH,0-); '3C-NMR (100 MHz, CDCl;)
141.7 (C-1), 137.0 (C-2), 148.2 (C-3), 102.6 (C-4),
120.7 (C-5), 85.0 (C-6), 72.3 (C-7), 42.8 (C-8), 36.5
(C-9), 121.5 (C-10), 106.0 (C-11), 148.9 (C-12), 134.0
(C-13), 140.2 (C-14), 135.4 (C-15), 129.2 (C-16), 18.9
(C-17), 28.4 (C-18), 164.7 (C-19), 132.9 (C-1"), 129.6
(C-2', 6, 129.5 (C-4"), 127.9 (C-3', 5'), 59.7
(1-OCH3), 58.8 (14-OCHj3), 101.5 (-OCH>0-), 100.5
(-OCH20-). LA EH ¥ 53R iE A — 30, ks
EMEY 10 HTRTEET o

&Y 11: AR (FEE) . HR-ESI-MS m/z
403.2 [M+H]J*. 'H-NMR (400 MHz, CDCl3) &: 0.74
(3H, d, J= 7.1 Hz, 18-CH3), 1.00 (3H, d, J= 7.1 Hz,
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17-CH3), 1.79 (1H, m, H-7), 1.90 (1H, m, H-8), 6.37
(1H, s, H-11), 6.57 (1H, s, H-4), 2.28 (1H, dd, J =
13.3, 9.5 Hz, H-6a), 2.47 (1H, dd, J = 13.7, 1.9 Hz,
H-6b), 2.57 (1H, dd, J = 14.0, 9.8 Hz, H-9a), 2.06
(1H, d, J = 14.0 Hz, H-9b), 3.65 (3H, s, 1-OCH3), 3.90
(3H, s, 2-OCH3), 3.89 (3H, s, 3-OCH3), 3.88 (3H, s,
12-OCH3), 3.92 (3H, s, 13-OCH3); 3C-NMR (100
MHz, CDCLy) d: 151.2 (C-1), 139.9 (C-2), 153.2
(C-3), 107.3 (C-4), 139.8 (C-5), 35.8 (C-6), 40.9
(C-7), 33.8 (C-8), 39.3 (C-9), 134.5 (C-10), 107.8
(C-11), 150.6 (C-12), 1343 (C-13), 146.9 (C-14),
117.0 (C-15), 121.2 (C-16), 12.9 (C-17), 22.0 (C-18),
61.0 (1-OCH3), 61.2 (2-OCH3), 56.0 (3-OCH3), 55.9
(12-OCHs3), 61.1 (13-OCHs). LA £0#5 5 SCik i i
AR—30R0, WEEEY 11 N HERTE .

&) 12: AR (FELD . ESI-MS m/z 595.2
[M+H]". 'TH-NMR (600 MHz, CDCl3) &: 1.31 (3H, d,
J=10.7 Hz, 17-CH3), 1.40 (3H, s, 18-CH3), 1.60 (1H,
s, 2’-CH3), 2.31 (1H, m, H-8), 3.33 (3H, s, 14-OCH3),
3.63 (3H, s, 1-OCH3), 3.88 (3H, s, 2-OCH3), 3.95 (3H,
s, 3-OCH3), 5.63 (1H, d, J = 2.5 Hz, -OCH,0-), 5.78
(1H, d, J = 2.4 Hz, -OCH,0-), 5.75 (1H, s, H-9), 6.52
(1H, s, H-11), 6.85 (1H, s, H-4), 7.30 (1H, m, H-4"),
7.32 (1H, m, H-6"), 7.46 (1H, m, H-3"), 7.46 (1H, m,
H-7"), 7.54 (1H, m, H-5"); *C-NMR (150 MHz,
CDCls) 6: 151.5 (C-1), 141.3 (C-2), 152.0 (C-3), 110.3
(C-4), 129.8 (C-5), 85.3 (C-6), 74.1 (C-7), 43.3 (C-8),
83.5 (C-9), 132.8 (C-10), 101.8 (C-11), 148.9 (C-12),
135.6 (C-13), 140.6 (C-14), 120.3 (C-15), 122.0
(C-16), 17.2 (C-17), 28.9 (C-18), 60.6 (1-OCH3), 60.6
(2-OCH3), 56.1 (3-OCH3), 58.8 (14-OCHs), 169.0
(C-1"), 20.6 (C-2'), 164.8 (C-1"), 129.4 (C-2"), 129.6
(C-3"), 128.0 (C-4"), 132.8 (C-5"), 128.0 (C-6"),
129.6 (C-7"), 100.9 (-OCH,0-). LA % 5 3Clikik
TEFEAR—3PY, W5 12 24 schizanrin F.

&) 13: AR (FELD . ESI-MS m/z 415.2
[M+H]". 'H-NMR (600 MHz, CDCl3) &: 1.02 (3H, d,
J =172 Hz, 17-CH3), 2.54 (2H, m, H-9), 2.70 (1H, m,
H-8), 2.93 (1H, d, J = 12.3 Hz, H-6a), 3.01 (1H, d, J =
12.3 Hz, H-6b), 3.63 (3H, s, 1-OCH:), 3.87 (3H, s,
2-OCH3), 3.90 (3H, s, 3-OCH;), 3.90 (3H, s,
12-OCH;), 3.90 (3H, s, 13-OCH3), 3.61 (3H, s,
14-OCH3), 4.73 (1H, d, J = 1.8 Hz, H-18a), 4.86 (1H,

d, J=1.8 Hz, H-18b), 6.55 (1H, s, H-11), 6.65 (1H, s,
H-4); 3C-NMR (150 MHz, CDCl3) 6: 151.3 (C-1),
140.3 (C-2), 153.0 (C-3), 107.0 (C-4), 136.6 (C-5),
37.2 (C-6), 154.0 (C-7), 38.7 (C-8), 37.9 (C-9), 133.3
(C-10), 1104 (C-11), 152.0 (C-12), 140.4 (C-13),
151.6 (C-14), 123.7 (C-15), 122.5 (C-16), 20.7 (C-17),
111.1 (C-18), 56.0 (1-OCHj3), 60.7 (2-OCHj3), 61.1
(3-OCH3), 61.1 (12-OCH3), 60.7 (13-OCH3), 56.1
(14-OCH3). VA E##E 5 SOk fioiE 2 A — 2023, il
B EAEY) 13 O 7(18)-dehydroschisandro A,
&) 14: AR (FELD . ESI-MS m/z 403.2
[M+H]*. "H-NMR (400 MHz, CDCl3) & 0.74 (3H, d,
J=1.1 Hz, 18-CH3), 0.96 (3H, d, J= 7.1 Hz, 17-CH3),
6.37 (1H, s, H-11), 6.51 (1H, s, H-4), 5.93 (1H, d, J =
1.5 Hz, -OCH,0-), 5.96 (1H, d, J = 1.6 Hz, -OCH,0-),
5770 (1H, s, 1-OH), 3.87, 3.88, 3.91 (I12H, s, 3 X
-OCH3); 3C-NMR (100 MHz, CDCLs) §: 141.1 (C-1),
134.7 (C-2), 149.0 (C-3), 103.6 (C-4), 138.5 (C-5),
35.7 (C-6), 40.9 (C-7), 33.7 (C-8), 39.3 (C-9), 134.7
(C-10), 107.2 (C-11), 150.5 (C-12), 133.5 (C-13),
147.0 (C-14), 116.7 (C-15), 120.3 (C-16), 13.0 (C-17),
21.7 (C-18), 59.9 (1-OCH3), 55.8 (12-OCH3), 61.2
(13-OCHs), 101.0 (-OCH»0-). DL _E#¥s 5 ki iE
FAR R, MU A 14 HXCKE M.
&P 15: AR R (FED . ESI-MS m/z 329.1
[M+H]*. 'H-NMR (600 MHz, CDCl3) d: 0.82 (3H, d,
J = 6.6 Hz, 8-CHs), 0.84 (3H, d, J = 6.6 Hz, 8'-CH3),
1.76 (2H, m, H-8, §"), 2.30 (2H, m, H-7b, 7'b), 2.75
(2H, m, H-7a, 7'a), 3.88 (3H, s, 3'-OCH3), 5.91 (1H, d,
J = 1.5 Hz, -OCH,0-), 592 (I1H, d, J = 1.5 Hz,
-OCH;0-), 6.64~6.70 (4H, overlapped, H-2', 2, 6, 6"),
6.76 (1H, d, J= 7.9 Hz, H-5), 6.87 (1H, d, J= 7.4 Hz,
H-5"); 13C-NMR (150 MHz, CD;OD) ¢: 135.8 (C-1),
109.4 (C-2), 147.6 (C-3), 145.6 (C-4), 108.0 (C-5),
121.9 (C-6), 38.9 (C-7), 39.4 (C-8), 16.2 (8, 8'-CH3),
133.8 (C-1'), 111.5 (C-2'), 143.7 (C-3"), 146.4 (C-4"),
114.1 (C-5"), 121.8 (C-6'), 39.2 (C-7'), 39.4 (C-8"),
100.8 (-OCH0-), 55.9 (-OCH3). LA ¥4k 5 ik
g —H, WMEELEW 1S NEHIER.
& 16: AEKAR (FED . ESIMS m/z 387.6
[M+H]*. 'H-NMR (600 MHz, CDCL) & 3.12 (2H,
m, H-1, 5), 3.85, 4.27 (2H, m, H-2, 6), 3.88 (6H, s, 3,
3-OCH3), 3.91 (6H, s, 4, 4-OCH;), 4.77 (2H, d, J =
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4.3 Hz, H-4, 8), 6.86 (2H, m, H-6', 6""), 6.88 (2H, m,
H-5', 5”), 6.91 (2H, m, H-2', 2"); BC-NMR (150
MHz, CDCl3) §: 54.3 (C-1, 5), 71.8 (C-2, 6), 85.9
(C-4, 8), 133.6 (C-1', 1"), 109.2 (C-2, 2"), 1493
(C-3', 3"), 148.7 (C-4', 4"), 111.0 (C-5', 5"), 118.4
(C-6',6"),56.0 (3, 3-OCH3), 56.1 (4, 4'-OCH3). LA I
Bl 5 ORI E I A — S0, MUEEEY) 16
NG E

&P 17: AR (FED . ESI-MS m/z 515.3
[M+H]*. "H-NMR (600 MHz, CDCl3) & 0.97 (3H, d,
J=6.7Hz, 17-CH3), 1.10 (3H, d, J= 6.6 Hz, 18-CH3),
1.27 (3H, m, 4-CH3), 1.87 (3H, dd, J = 7.2, 1.7 Hz,
5'-CH3), 2.61~2.65 (2H, m, 6-CH,), 3.49 (3H, s,
1-OCH3), 3.53 (3H, s, 14-OCHs), 3.82 (3H, s,
2-OCH;), 3.86 (3H, s, 3-OCH;), 3.87 (3H, s,
13-OCH3), 3.90 (3H, s, 12-OCH3), 5.77 (1H, s, H-9),
5.93 (1H, q, J = 7.1 Hz, H-3"), 6.54 (1H, s, H-4), 6.58
(1H, s, H-11); 3C-NMR (150 MHz, CDCl;) 6: 151.3
(C-1), 140.1 (C-2), 151.8 (C-3), 110.5 (C-4), 133.1
(C-5), 38.9 (C-6), 34.9 (C-7), 42.1 (C-8), 82.6 (C-9),
136.4 (C-10), 106.9 (C-11), 152.8 (C-12), 141.2
(C-13), 151.9 (C-14), 123.7 (C-15), 121.7 (C-16), 14.8
(C-17), 19.9 (C-18), 166.9 (C-1'), 127.2 (C-2"), 140.7
(C-3"), 15.8 (C-4'), 20.6 (C-5") 60.9 (13-OCH3), 60.7
(2-OCH3), 60.6 (14-OCH3), 60.2 (1-OCH3), 56.2
(12-OCH3), 55.9 (3-OCH3). L% 5 CiikfiiE 5t
A—FPe), %A 17 A kadsufolin A

&) 18: AN R (FELD . ESI-MS m/z 397.2
[M+Na]*. 'H-NMR (600 MHz, CDCl3) &: 0.93 (3H,
s, 19-CH;), 1.01 (3H, s, 18-CHs3), 1.23 (3H, s,

A IPGTT

40 4 -o-Xif [
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£ 20 ~-2-H
%
#a
= 10
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0

[y
w
(=}
(=)}

- O
o
(=}
—_
[3S]
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16-CH3), 1.24 (3H, s, 17-CH3), 1.33 (3H, t,J= 7.1 Hz,
H-22), 1.45 (2H, m, H-3), 1.55, 1.59 (2H, m, H-2),
1.98,3.17 (2H, m, H-1), 3.07 (1H, m, H-11), 3.86 (2H,
m, H-21), 437 (3H, d, J = 3.1 Hz, H-7), 4.67 3H, d,
J =3.1 Hz, H-6), 6.79 (1H, s, H-14); '3C-NMR (150
MHz, CDCls) §: 27.4 (C-1), 19.2 (C-2), 38.1 (C-3),
31.5 (C-4), 50.9 (C-5), 75.3 (C-6), 75.9 (C-7), 127.0
(C-8), 124.3 (C-9), 47.0 (C-10), 142.0 (C-11), 141.8
(C-12), 134.5 (C-13), 120.6 (C-14), 27.6 (C-15), 22.4
(C-16), 22.5 (C-17), 31.5 (C-18), 22.2 (C-19), 178.8
(C-20), 66.4 (C-21), 16.0 (C-22). LA %k 5 CHkik
ERA 2T, M ENEY) 18 K 7-L A5 RIE
W

&) 19: HERK (FELD . ESI-MS m/z 331.4
[M+H]". 'H-NMR (600 MHz, CDCl3) &: 3.08 (2H,
m, H-8, 8'), 3.78, 4.20 (4H, m, H-9, 9"), 4.63 (2H, d,
J =43 Hz, H-7, 7', 6.68 (2H, dd, J = 2.4, 8.5 Hz,
H-6, 6), 6.79 (2H, d, J = 2.0 Hz, H-5, 5'); '3C-NMR
(150 MHz, CDCL3) 0: 133.8 (C-1, 1'), 114.4 (C-2, 2"),
146.4 (C-3, 3'), 146.1 (C-4, 4"), 116.2 (C-5, 5'), 118.8
(C-6, 6", 87.5 (C-7,7"), 55.3 (C-8, 8'), 72.6 (C-9, 9").
DA b Hd 55 SRR AR — B8, s e A 19
A4 3,3'-bisdemethylpinoresinol.
3.2 ERRRIEMEAR
32,1 ALEW 2 X BRI /N BB 52 M1 B 2R R0
sz T LR EAEINEY), X 4AMEKR
LAY (24 7. 11, 15) 34T TARAFURE R I
PEFRIE TR, RIML G 2 A B, I
HE— 2D HAEAT T AR, Wi 2 Fros, SXHER
HELEE, TPGTT AT IPITT 556 A 84 28 /)N BRI 7K

B IPITT

-o-i
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2 —+Met
g 2L
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HX AR #P<0.05 #P<0.01; HSREAE. "P<0.05 "P<0.01, E3[
#P<0.05 *P<0.01vs control group; "P<0.05 **P<0.01 vs model group, same as fig.3

2 LAY 2 MERFDREMNE (A) FRSRHBME B) M (x+s,n=10)

Fig. 2 Effect of compound 2 on glucose tolerance (A) and insulin sensitivity (B) in diabetic mice (x + s ,n=10)
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FREAE (P<0.0D); &Y 2 mlE (2-H, 20
mg/kg) 25254 /N R K B E BRI (P<0.05),
RIAAEY) 2 BEA B RE R /N SRR i 52 A1 5
Rkt

3.2.2 WA 2 XPRERRIE /N R IIEH TG TC. INS
KPR il 3 s, S5xTREAELE, BIAA

ANRIES TG, TC. INS K FHEZETE (P<
0.01); SEMMAMLL, k&Y 2 miflE (2-H, 20
mg/kg) HHAH/NFIMIEF TG, TC. INS K&
EREIK (P<0.05). RELED) 2 ReA R R
9 /0N BRIV HP I S AN R RARPUIR S . 28 b
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Fig.3 Effect of compound 2 on serum TC, TG, and INS levels in diabetic mice (x+s,7n=10)
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