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Neuroprotective Material Base of Yigan San
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[ Abstract ] Objective: To investigate the material base of Yigan San, a Chinese herbal formula for
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Alzheimer’s disease, and to provide theoretical foundation for the explanation of pharmacological mechanism.

Method: The chemical constituents were isolated and identified by various chromatographic and spectral methods.

Result; Fifteen compounds were isolated and identified as cadambine (1), rhynchophyline (2), liquiritin (3),

liquiritigenin (4 ), isoliquiritin (5), isoliquiritgenin (6 ), saikochromoside A (7), wogonin-7-O-glucuronide

(8), ononin (9), tetrahydroxymethoxychalcone (10), quercetin (11), kaempferol (12), senkyunolide I

(13), senkyunolide H (14), and ferulic acid (15), respectively. Conclusion: All these compounds were

isolated from the active fraction of Yigan San for the first time.
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2(10 mg) ,8(9 mg) ,9(8 mg),
3 HHETE

EW1 HETLERHAK (MeOH) , ESI-MS
m/z545.4 [M+H]",383.3 [M+H -162]" ,'H-
NMR (500 MHz, DMSO-d,) §:11.00 (1H, s, H-
1), 7.55 (1H, s, H-17), 7.46 (1H, d, J =8.0
Hz, H9), 7.32 (1H, d, J=8.0 Hz, H-12), 7.09
(1H, dt, J=7.6, 1 Hz, H-11), 6.98 (1H, dt, J =
7.6, 1 Hz, H-10), 5.75 (1H, d, J =9.2 Hz, H-
21), 5.15 (1H, d, J =5.1 Hz, 2’-OH), 5.01
(1H, d, J=4.9 Hz, 4'-OH), 4.96 (1H, d, J=5.3
Hz, 3'-OH), 4.77 (1H, d, J =7.2 Hz, H-19),
4.66 (1H, d, J=7.8 Hz, H-1"), 4.08 (1H, dd,
J=7.8,4.4 Hz, 6'-OH), 3.66 (1H, m, H-6"a),
3.58 (3H, s, OCH,), 3.44 (1H, m, H-6'b) , 3.42
(1H, m, H-18a), 3.24 (1H, m, H-5"), 3.13
(1H, m, H-15),3.09 (2H, m, H-2', H4'), 3.08
(2H, m, H-5a, H-3"), 2.87 (1H, dd, J =10.4,
7.2 Hz, H-18b), 2.70 (2H, m, H-6), 2.62 (1H,
m, H-5b), 2.02 (1H, t, J =12.5 Hz, H-14a),
1.76 (1H, dd, J =5.9, 12.5 Hz, H-14b), 1.71
(1H, m, H-20);"”C-NMR (125 MHz, DMSO-d,) §:
166.42 (C-22), 152.31 (C-17), 136.25 (C-13),
133.05 (C-2), 125.10 (C-8), 121.49 (C-11),
118.56 (C-10), 118.49 (C9), 111.35 (C-12),
109.63 (C-16), 109.17 (C-7), 100.17 (C-1"),
96.29 (C-21), 90.37 (C-3), 76.92 (C-5"), 76.52
(C-3"), 73.22 (C2"), 72.13 (C-19), 70.16 (C-
4'), 61.52 (C-6"), 57.86 (C-18), 51.68 (C-5),
50.97 (OCH,), 41.68 (C-14), 24.80 (C-15),
21.43 (C-6) ., SCHR[ 10X IR, @B 1 B R
52 (cadambine)

k&2 H@agi (MeOH), ESI-MS m/z
385.2 [M + H] " ,'H-NMR (300 MHz, CDCl,) §:
7.85 (1H, s, H-17),7.24 (1H, d, J=7.2 Hz, H-
9),7.18 (1H, t, J=7.5 Hz, H-11),7.07 (1H, t,
J=7.5Hz, H-10), 6.86 (1H, d, J=7.2 Hz, H-
12), 3.81 (3H, s, OCH,), 3.75 (3H, s,
COOH,), 3.48 (1H, br dd, J=10.3, 2.2 Hz, H-
21a),3.42 (1H, m, H-5a), 2.54 (1H, m, H-6a) ,
2.43 (1H, m, H-5b), 2.33 (1H, m, H-15), 2.28
(1H, brdd, J=8.3, 2.2, H20), 2.27 (1H, m,
H-3), 2.04 (1H, m, H6b), 2.01 (1H, m, H-
14a), 1.68 (1H, t, J =10.3 Hz, H21b), 1.37
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(IH, m, H-19a), 1.23 (1H, m, H-14b), 0.97
(1H, m, H-19b), 0.82 (3H, t, J=7.2 Hz, H-
18);C-NMR (75 MHz, CDCl,) 86:181.60 (C-2),
167.14 (C-22), 159.77 (C-17), 139.47 (C-13),
133.94 (C-8), 127.84 (C-11), 123.21 (C9),
122.48 (C-10), 115.43 (C-16), 109.32 (C-12),
75.34 (C-3), 61.62 (17-0CH,), 58.22 (C-21),
55.04 (C-5, C-7), 51.39 (22-OCH,), 42.32 (C-
20), 37.85 (C-15), 34.82 (C-6), 29.70 (C-14),
24.18 (C-19), 11.39 (C-18), H3r@Ek[11]xf &,
KEEY 2 I EEDE (rthynchophyline) .

k&3 HE&K (MeOH), ESI-MS m/z
418.9 [M+H]",257.0 [M +H -162] " ,"H-NMR
(300 MHz, DMSO-d,) §:10.57 (1H, s, 7-OH),
7.65 (1H, d, J=8.7 Hz, H-5),7.45 (2H, d, J=
8.6 Hz, H2', H-6'), 7.07 (2H, d, J =8.6 Hz, H-
3', H-5'), 6.51 (1H, dd, J=8.7, 2.2 Hz, H-6),
6.35 (1H, d, J=2.2 Hz, H-8), 5.53 (1H, dd,
J=12.5,2.4 Hz, H-2), 5.30 (1H, d, J=4.8 Hz,
2"-0H), 5.06 (1H, d, J=4.3 Hz, 3"-OH), 5.00
(1H, d, J=5.1Hz,4"-OH), 4.88 (1H, d, J=7.2
Hz, H-1"), 4.54 (1H, t, J=5.8 Hz, 6"-0H), §
3.78 ~3.00(5H, m, ## F i 7 M trans H-3), 2.68
(1H, dd, J=17.1,2.4 Hz, cis H-3) , 53¢#k[12]
X SER G 3 I H EH (liquiritin) o

e 4 HEF RS S (MeOH) , ESI-MS
m/z254.9[ M - H] .,'H-NMR (300 MHz, DMSO-
dy) 6:10.59 (1H, s, 7-OH), 9.59 (1H, s, 4'-
OH), 7.64 (1H, d, J=8.7 Hz, H-5), 7.32 (2H,
d, J=8.5Hz, H2', H6'), 6.79 (2H, d, J=8.5
Hz, H-3', H-5'), 6.50 (1H, dd, J=8.7, 2.1 Hz,
H-6),6.33 (1H, d, J=2.1 Hz, H-8), 5.43 (1H,
dd, J=12.9, 2.7 Hz, H-2), 3.11 (1H, dd, J =
16.8, 12.9 Hz, trans H-3), 2.62 (1H, dd, J =
16.8, 2.7 Hz, cis H-3) . 53CHR[13 1%, K FE b
Y 4 A HFEZE (liquiritigenin)

EYW S s AE RS & (MeOH) , ESI-MS
m/z419.2 [M +H]",257.2 [M +H -162]" ,'H-
NMR (300 MHz, DMSO-d,) &:13.48 (1H, s,2'-
OH), 10.68 (s, 1H, 4’-0H), 8.19 (1H, d, J =
8.9 Hz, H-6"), 7.87 (1H, d, J =15.4 Hz, HB),
7.86 (1H, d, J =8.8 Hz, H2, H-6),7.77 (1H,
d, J=15.4 Hz, H-a), 7.10 (2H, d, J =8.8 Hz,
H-3, H-5), 6.41 (1H, dd, J =8.9, 2.3 Hz, H-
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5'),6.29 (1H, d, J=2.3 Hz, H-3"), 4.98 (1H,
d, J=7.1Hz, H-1"),3.76 ~3.12 (6H, m, ¥ [ Ji&
F)o HICHR[ 14 X etk G S A H R
(isoliquiritin ) ,

&Y 6 =EME & (MeOH) , ESI-MS m/z
255.0 [M - H] _'H-NMR (300 MHz, DMSO-d, )
8:13.60 (1H, s, 2’-OH), 10.70 (1H, s, 4-OH),
10.15 (1H, s, 4’-OH), 8.16 (1H, d, J=8.9 Hz,
H-6"),7.78 (1H, d, J =15.6 Hz, HB), 7.75
(2H, d, J=8.6 Hz, H2, H-6),7.73 (1H, d, J =
15.6 Hz, H-a), 6.84 (2H, d, J=8.6 Hz, H-3, H-
5),6.40 (1H, dd, J=8.9, 2.3 Hz, H-5"), 6.28
(1H, d, J=2.3 Hz, H3'), 53CHk[15] % &, %
EWEY 6 R H K ZE (isoliquiritgenin) ,

EW T HEERE E (MeOH) 3% T B,
Molish Jz i BH ¥ . ESI-MS m/z 385.2 [M + H] ",
223.1 [M+H-162]",'"H-NMR (300 MHz, DMSO-
d,) 8:12.76 (s, 5-OH), 6.62 (1H, d, J=2.1 Hz,
H-8), 6.57 (1H, s, H3), 6.40 (1H, d, J=2.1
Hz, H6),5.35 (1H, d, J=4.9 Hz, 2’-OH) , 5. 03
(1H, d, J=4.9 Hz, 3'-OH) , 4.96(1H, d, J=5.1
Hz, 4'-OH), 4.74 (1H, d, J =15.5 Hz, H-11a),
4.61 (1H, d, J=15.5 Hz, H-11b), 4.54 (1H, t,
J=5.9 Hz, 6'-OH), 4.31 (1H, d, J=7.8 Hz, H-
1'),3.85 (3H, s, OCH,), 3.67 (1H, m, H-6a") ,
3.44 (1H, m, H-6b'), 3.17 (1H, m, H-3"), 3.13
(IH, m, H-5"), 3.08 (1H, m, H4'), 3.06 (1H,
m, H-2") ;" C-NMR (75 MHz, DMSO-d, ) §:182.24
(C4),167.50 (C-2), 165.73 (C-7), 161.79 (C-
5), 157.54 (C-9), 107. 64 (C-3), 104.94 (C-10),
102.91 (C-1"), 98.51 (C-6), 93.13 (C-8), 77.53
(C-5"),77.00 (C-3"), 73.83 (C-2"), 70.47 (C-
4'y, 65.77 ( C-11), 61.56 ( C-6"), 56.61
(OCHy), H5xBk[16] X, XEkaWTH
saikochromoside A

a8 RiE A RS (MeOH) , ESI-MS
m/z461.1 [M+H]",285.1 [M +H -176] " ,'H-
NMR (300 MHz, DMSO-d,) &:12.55 (1H, s, 5-
OH), 8.10 (2H, dd, J=7.2, 1.8 Hz, H2', H-
6'),7.63 (3H, m, H-3", H4', H-5'), 7.08 (1H,
s, H3), 6.71 (1H, s, H6), 3.95 (1H, d, J =
8.7 Hz, H-1"), 3.89 (s, 3H, OCH,) ; "C-NMR (75
MHz, DMSO-d,) 8:182.85 (C-4), 170.95 (C-6"),
164.02 (C-2), 156.57 (C-5), 156.45 (C-7),

149.66 (C9), 132.74 (C4'), 131.21 (C-1"),
129.75 (C-3", C-5"), 129.55 (C-8), 126.88 (C-
2’,C-6"),105.79 (C-3), 105.72 (C-10), 100. 19
(C-1"), 99.18 (C-6), 76.43 (C-5"), 75.52 (C-
3"), 73.41 (C-2"),71.84 (C4"), 61.86 (OCH,) ,
HIEk 7] X, R @ ka8 A H
(wogonin-7-0-glucuronide)

a9 HEH RS S (MeOH) , ESI-MS
m/z431.1 [M+H]",269.1 [M +H -162] "' H-
NMR (300 MHz, DMSO-d,) §:8.44 (1H, s, H-2),
8.06 (1H, d, J=8.9 Hz, H-5), 7.54 (2H, d, J=
8.8 Hz, H2', H6'), 7.25 (1H, d, J=2.2 Hz, H-
8), 7.15 (1H, dd, J=8.9, 2.2 Hz, H-6), 7.00
(2H, d, J =8.8 Hz, H-3', H5'), 5.45 (1H, d,
J=3.7Hz, OH), 5.16 (1H, d, J=3.9 Hz, OH),
5.11 (1H, d, J =6.9 Hz, H-1"), 5.09 (1H, d,
J=5.1Hz, OH), 4.62 (1H, t, J=5.3 Hz, OH),
3.79 (3H, s, OCH,), 3.75 ~3.12 (6H, m, # I
i +) ;" C-NMR (75 MHz, DMSO-d,) §:175. 13 (C-
4),161.92 (C-7), 159.50 (C4"), 157.18 (C9),
154.12 (C2), 130.55 (C-2", C-6), 127.42 (C-
5), 124.48 (C-1"), 123.84 (C-3), 118.40 (C-
10), 116.10 (C-6), 114.10 (C-3', C-5"), 103.89
(C-8), 100.47 (C-1"), 77.68 (C-5"), 76.95 (C-
3"), 73.60 (C-2"), 70.10 (C4"), 61.11 (C-6"),
55.62 (OCH,) . H3CER[12 x5 8, 25 9 A
TARAEH (ononin) o

& 10 B A ER S5 & (MeOH) , ESI-MS
m/z301.0 [M -H] .'H-NMR (300 MHz, DMSO-
dy) 6:9.85 (2H, s, OH), 9.38 (1H, s, OH),
8.75 (1H, s, OH), 7.80 (1H, d, J=15.6 Hz, H-
B),7.61 (1H, d, J=15.6 Hz, H-a), 7.54 (1H,
dd, J=8.4,2.0 Hz, H-2'),7.47 (1H, d, J=2.0
Hz, H-6"), 7.29 (1H, d, J=8.5 Hz, H-6), 6.84
(1H, d, J=8.4 Hz, H-5"), 6.63 (1H, d, J=8.5
Hz, H-5), 3.77 (3H, s, OCH,);"” C-NMR (75
MHz, DMSO-d,) 6:187.78 (C=0), 150.99 (C-
4'), 149.94 (C-4), 149.00 (C-2), 145.84 (C-
3"), 138.77(C-3), 138.42 (C-B), 130.44(C-1"),
122.11 (C-6"), 119.98 (C-1), 119.62 (C-a),
119.02 (C-6), 115.69 (C-2"), 115.55 (C-5"),
112.11(C-5), 61.17 (OCH,) ., 5 3Hk[ 18] X &,
% FEAE Y 10 2 tetrahydroxymethoxychalcone

&Y 11 B KK (MeOH) , 5 i T B Bz

- 101 -
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Eh iR 50y ) R FH M, TLC 7 2 48 35 46 I 4 B A8 192.8 [M - H] ,'H-NMR (300 MHz, Acetone-d,)

#,'H-NMR (300 MHz, DMSO-d,) §:12.49 (1H,
s, 5-OH), 9.37 (2H, br s, 3'-OH, 4'-OH) , 7. 66
(IH, d, J=2.0 Hz, H2'), 7.53 (1H, dd, J =
8.5,2.0 Hz, H6"), 6.88 (1H, d, J=8.5 Hz, H-
5'),6.40 (1H, d, J=2.0 Hz, H-8), 6.18 (1H,
d, J=2.0Hz, H-6), 53CHk[ 19X &, K& ba
Y111 Iz & (quercetin) ,

L& 12 Bk K (MeOH), 5 % T H B,
LR BE Ry KN BH M, TLC 2 68 3% ke D 2 T AR
# 'H-NMR (300 MHz, DMSO-d,) §:12.52 (1H,
s, 5-OH), 10.80 (1H, s, 7-OH), 10.12 (1H, s
3-OH), 9.42 (1H, s, 4'-OH), 8.04 (2H, d, J =
8.4 Hz, H2', H-6'), 6.92 (2H, d, J=8.4 Hz, H-
3', H-5'), 6.44 (1H, d, J=2.0 Hz, H-8), 6.18
(1H, d, J=2.0 Hz, H-6) , 53CH[ 19X} 1, %5
&9 12 M1 %5 (kaempferol) o

L&Y 13 R kY (CHCL,) , ESI-MS
m/z 207.1 [ M - OH]".,'H-NMR (300 MHz,
CDCl,) 8:5.25 (1H, t, J =7.9 Hz, H-1), 4.46
(1H, brd, J=4.68 Hz, H-7), 3.94 (1H, brs, H-
6),2.50 (2H, m, H4), 2.32 (2H, m, H9),
2.04 (1H, m, H-5a), 1.87 (1H, m, H-5b), 1.47
(2H, m, H-10), 0.93 (3H, t, J =7.36 Hz, H-
11);"C-NMR (75 MHz, CDCl;)8:169.30 (C-1),
153.35 (C-3), 148.09 (C-3a), 125.80 (C-7a),
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13 eI = NEE T (senkyunolide T)

L& 14 R kY (CHCL,) , ESI-MS
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