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Study on the alkaloids of Corydalis delicatula D. G. Long and their
urease inhibitory activity

CUI Jia, XIONG Shao-wen, JIANG Yu-chen, HUANG Xin-yue, LI Li-mei’

(College of Pharmacy and Food, Southwest Minzu University, Chengdu 610041, China)

Abstract: Fifteen compounds were successfully isolated from the total alkaloid content of Corydalis
delicatula D. G. Long using a variety of chromatographic techniques, including silica gel, basic alumina, MCI,
Sephadex LH-20 column chromatography, and HPLC. The structures of the isolated compounds were identified as
(—)-tetrahydrocorysamine (1), corysamine (2), berberrubine (3), (-)-scoulerine (4), bicuculline (5), (-)-corlumine
(6), scoulerine- S -N-oxide (7), salutaridine N-oxide (8), allocryptopine (9), protopine (10), coryximine (11),
cryptopine (12), cis-N-methylstylopine (13), hunnemannine (14), and corlicatine A (15) through spectroscopic
methods such as MS, NMR, and UV. These compounds were isolated for the first time from C. delicatula, and
corlicatine A (15) is a new compound. Pharmacological testing revealed that compound 1 demonstrated excellent
inhibition against Jack bean urease (JBU), with an IC,, value of 1.28 pmol-L", surpassing the effectiveness of the
positive control AHA. The synergistic inhibitory influence on JBU activity by compounds 1, 6, 11, 12 and
inorganic reagents NaF and BA were proved by addition of competitive inhibitors NaF or BA. The molecular
docking experiment between the most active alkaloid (-)-tetrahydrocorysamine (1) and the urease protein of the

JBU was not found to interact with Ni**, which is recognized as the active site of urease. Consequently, considering
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the impact of inorganic reagents on the inhibitory properties of alkaloids against JBU, it is hypothesized that the

inhibitory effect of isoquinoline alkaloids on urease may involve targets or mechanisms other than Ni*".

Key words: Corydalis delicatula D. G. Long; alkaloid; corlicatine A; urease inhibitor; molecular docking
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1 R;+R,=R;+R,=CH, Rs=CH, 2
4 R=R,=CH; R,=R;=Rs=H

9 R, +R,=CH, R;=R,=CH,
10 R, +R,=R;+R,=CH,

3 12 R,=R,=CH; R;+R,=CH,
14 R;+R,=CH, R;=H R,=CH;

Figure 1 Structures of compounds 1-15
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DMSO-d,) $i#g B (£ 1) FEIN T EART [0,
9.20 (s, 1H, H-8), 7.56 (s, 1H, H-1), 7.14 (s, 1H, H-4)].2
AN H A5 5 [0, 4.67 (m, 2H, H-6), 3.07 (m, 2H, H-
SN S HAE 5 0, 6.18 (s, 2H, 2-OCH,0-3) 1
AN A IS S 5,3.86 (s, 3H) Al AN (S5 6, 2.51
(s, 3H). “C NMR i (150 MHz, DMSO-d,) % # . 7~
(R 1) FLA8ABE T, B4 11475 H Ak [6. 150.3 (C-
3), 149.7 (C-10a), 147.5 (C-12), 146.4 (C-2), 144.9 (C-
8), 135.2 (C-4a), 133.7 (C-8a), 130.2 (C-11), 119.4 (C-
12a), 110.1 (C-1), 108.2 (C-4)].2 4> W H FE B [d,. 55.3
(C-6), 26.6 (C-5)]~ 1 A~ H — & F£ ik [0, 102.3 (2-
OCH,0-3)]~ 1 A~ F A L K (J,. 52.5)~ 1 A H 5 ik (O
18.3) LA S5 55 SR LHE R 1 SR (6. 160.9) FT 1AM
PHE (0, 167.0) DL EEHEIR R E Y 15 ] BE 9/ BE
B AL D I AT A= ). 7E HMBC 39 (K2), H-8 5
C-6 (d. 55.3)~ C-12 (6, 147.5)~ C-10a (9. 149.7). C-8a
(9. 133.7) #15%, H-5 5 C-4 (d. 108.2).C-4a (J. 135.2)-
C-6 (0. 55.3)~C-12a (d. 119.4) #5%, iIF B3 17 7F S M1k
gt B R R B EAE T (0,6.18) 5 C-2 (6,
146.4).C-3 (6. 150.3) fHIK, R H A BRI AE C-2,
3fL; HIE(E S (6,2.51) 5 C-11 (d. 130.2) #3%, & W

5 R,+R,=CH,
6 R,=R,=CH;
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FILHELE C-11; HAEEE 5 (6,3.86) 15 C-9 (6, 167.0)
FHOR, R C-9 MR TY 55 B, (52 18 ik 1 44 5
PR K35 24k, H-8 55 C-9 (J. 167.0) #H&, ik —2BiiF
32 1% W S YE 7F C-8a. & U, 5 454 HR-ESI-MS, 7]
DAHEMR IEAL T C-10. 25 BFTIR, #e b &9 15 (1145
¥, fir 4 A corlicatine A.

Table 1 'H NMR (600 MHz) and “C NMR (150 MHz) data of
compound 15 in DMSO-d,

No. Jy O
7.56 (s, 1H) 110.1
2 146.4
3 150.3
4 7.14 (s, 1H) 108.2
4a 1352
5 3.07 (m, 2H) 26.6
4.67 (m, 2H) 55.3
8 9.20 (s, 1H) 144.9
8a 133.7
10a 149.7
11 130.2
12 147.5
12a 119.4
2-OCH,0-3 6.18 (s, 2H) 102.3
-CH, 2.51 (s, 3H) 18.3
-COOH 160.9
-COOCH, 3.86 (s, 3H) 52.5
-COOCH, 167.0

Figure 2 Key HMBC correlations of compound 15

2 ¥ IBURSINGEEM

2.1 XTIJBUHIHIE MR TRE o b o 45 3
SERZH N MEEY1.2.4~7.9~13 %1 JBU (1)1
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FEFE R M5 M, &9 1.4.5.7. 11,12 f1 13 % JBU
{0 0 ) 355 A 4 5 T B 4 6 B AHA . LR (—)-tetrahy-
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Table 2 Inhibitory activity of major compounds from C. delicatula

on Jack bean urease (JBU). AHA: Acetohydroxamic acid

Compound IC,, / pmol-L"
1 1.28 £0.02

2 45.67+0.13

4 15.04 +0.32

5 24.23+0.32

6 61.95+0.29

7 22.92+0.03

9 70.44 +0.38

10 94.83 £0.28

1 39.28+0.23

12 8.21+0.13

13 32.29+0.48
AHA 41.96 +0.02
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Figure 3 Residual enzymatic activity under the action of com-
pounds and inorganic reagents. A: Compound 1; B: Compound 12;
C: Compound 6; D: Compound 11. n = 3, x £ s. P <0.05 "P<
0.01, ™P < 0.001, P < 0.0001. T: (-) -Tetrahydroeorysamine;
BA: Butyl acrylate; Cpn: Cryptopine; Clm: (-)-Corlumine; Crx:

Coryximine
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Figure 4 The docking conformation of compound 1 with JBU
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IR A 20194E 7 AR H R, BV
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LMCD1907) f#78T Pl rd RO K% 245 %% 5 b 2= Bt
1 RBSSE

TR 45 P 05 0 0 2 10 kg, K 1 5 ) IR 0 4R
B3 UK, RIS ALK A 48,2424 h, BB I E iR 4
BREE . BEESECT 2% K HCHER T, Fris kit
O A 1 5 P & 07 SR FR AR 3 Ik, TR /K2 F & /K B
1k (pH 9~10) J5 198, B 2 [F 4k 4= 5, 38 1 4k 82 FH &
B3 IR, 4 A7 2 U R 4 RIS 771, 73 31 S AR
Bl (155.8 g). B AW (155.5 g) £ 200~300 H ki
R 75, LR - I EE (1000 1)ZEAT B BE B .
[T 7 TLC A s JF DAL S 4 i g AT B, &
FEAHREI Ly, S5 8 11 N5 (FrA~K).

Fr.A (25.9 g) 4 200~300 H fif: e B €2 1% 43 55, LA
- EAT (50 1—1:1) HEATREEE PR, 1R &
1(13.0 mg). FrAMIFrB (6.9 g) i K E 4R
mn A, RUNAL P2 (1.5 g)-

Fr.C (9.5 g) 4200~300 H i 14 4 b 45 4 (3 5
2, LA - R (1:0—0: 1) 3EAT BA B 3% i 75 31 Fr.
C1~C10. Fr.C10 & MCIA, LLHEE-7K (0:1—1:0)
HATHRFE VML, 132 E Y3 (17.0 mg).

Fr.D (6.4 g) £ 200~300 H fifi P 5 Ak 47 A a4 5
B, LA - B (10000 1) HEAT 86 FE P i 45 2 Fr
D1~Fr.D4. Fr.DI1 £ ffi] % HPLC 4iifb (H B -/K =
9:20, 0.1% = Z. 1%, 30 mL-min™), 3 2L &4 4 (¢, =
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19.1 min, 25.0 mg). Fr.D2 £ il % HPLC 4i{k (7 B -
K =11:20,0.1% = 2%, 30 mL-min™), 7384k 541 5
(t, = 16.3 min, 35.0 mg); Fr.D3 £ il % HPLC 4fift. (F
fi —7K =33:50, 0.1% — £ %, 30 mL-min™), 13 21L&
¥ 6 (t, = 22.3 min, 68.0 mg); Fr.D4 £ il % HPLC 4li{k
(FEE-7K = 7:10,0.1% = 2%, 30 mL-min™), 15 2|{L &
Y7 (t, = 25.1 min, 15.0 mg). L. &4 8 (¢, = 36.3 min,
23.0 mg).

Fr.G (7.6 g) & KL B T, FEE-7K (0:1—1:0)
B B S5 158 Fr.G1 ~G6. Fr.G2 F4£: 200~300 H i,
PEA AT o B, DL -FBE (2001150 1) 134T
Wi FE VR, 15 2L A 15 (2.5 mg).

Fr.H (40.2 g) %4 200~300 B P S 40 B0 AT (0 5
2, LA - HEE (1:0—0: 1) 3EAT 8RB 26 B 15 2 Pr.
H1~H4, H A4 FrH3 i &9 11 (135.0 mg). Fr.HI
22 i £ HPLC 4lift (¥ -7K = 77:100, 0.1% = 4. Ji%,
10 mL-min™), 15 E|1L 59 9 (¢, = 30.0 min, 230.0 mg);
Fr.H2 £ il % HPLC 24k, (W EF-7K =315, 0.1% = L%,
10 mL-min™), 75 4k &4 10 (¢, = 35.2 min, 170.0 mg);
Fr.H4 2% HPLC 4lift, (FFlE-7K = 9:20, 0.1% — L Ji%,
10 mL-min™), 5 E1b &4 12 (¢, = 55.2 min, 250.0 mg).

Fr.J (4.8 g) & MCLAE, LHIEE-7K (0:1—1:0) 34T
T B e i 45 Fr.J1~J3, Horp Fr.J2 Hrfir th B ok oK, B
b4 113 (500.0 mg). Fr.J3 Fil ODS H:thilh 73 29, DL
B —7K (01 1—1:0) BEAT 8 BEBEL S, 4k 2230 AT ik I A
ik e, LLAIR LFE-HEE (50:0—5:1) FEATHAEE S
i, 15 246 59 14 (4.0 mg).
2 HHEE

&1 et i "H NMR (400 MHz, CDCL,)
3,: 0.95 (3H, d, J = 8.0 Hz, 13-CH,), 2.58 (2H, m, H-5),
3.08 (1H, m, H-6a), 3.15 (1H, m, H-13), 3.23 (1H, m, H-
6b), 3.48 (1H, d, J = 15.3 Hz, H-8a), 3.70 (1H, brs, H-
14), 4.06 (1H, d, J = 15.3 Hz, H-8b), 5.93, 5.91 (each
1H, s, 2-OCH,0-3), 5.96, 5.95 (each 1H, s, 9-OCH,0-
10), 6.60 (1H, s, H-1), 6.68 (3H, m, H-4,11,12); *C NMR
(100 MHz, CDC,) 6 18.5 (13-CH,), 29.9 (C-5), 38.8 (C-
13), 51.3 (C-6), 53.4 (C-8), 63.6 (C-14), 100.9 (2-
OCH,0-3), 101.2 (9-OCH,0-10), 105.7 (C-1), 106.9 (C-
11), 108.4 (C-4), 116.9 (C-8a), 121.4 (C-12), 129.4 (C-
14a), 129.7 (C-4a), 136.0 (C-12a), 143.2 (C-2), 144.8 (C-
3), 145.8 (C-10), 146.5 (C-9). 'H NMR 5 "C NMR #{
P 5 SR IR — 5, R % B b &9 18 (-)-tetrahy-
drocorysamine.

&2 #AE E; 'H NMR (400 MHz, CD,0D)
8,:2.99 (3H, s, 13-CH,), 3.16 (2H, m, H-5), 4.77 (2H, m,

H-6), 6.12 (2H, s, 2-OCH,0-3), 6.49 (2H, s, 9-OCH,O-
10), 7.04 (1H, s, H-4), 7.34 (1H, s, H-1), 7.91 (1H, d, J =
8.0 Hz, H-12), 8.01 (1H, d, J = 8.0 Hz, H-11), 9.73 (1H,
s, H-8); "C NMR (100 MHz, CD,0D) é.: 18.7 (13-CH,),
29.1 (C-5), 58.6 (C-6), 103.6 (2-OCH,0-3), 106.3 (9-
OCH,0-10), 109.2 (C-1), 111.8 (C-4), 112.9 (C-11),
120.6 (C-12), 121.4 (C-14a), 121.9 (C-4a), 132.8 (C-13),
134.5 (C-12a), 134.8 (C-8a), 137.5 (C-14), 143.8 (C-8),
146.7 (C-10), 148.6 (C-9), 149.2 (C-2), 151.3 (C-3).
'H NMR 5 "C NMR #4555 SCRPIx I — 25, Nt % e
1440 2 A corysamine »

&3 4k K '"H NMR (400 MHz,
DMSO-d,) 6, 3.19 (2H, m, H-5), 3.87 (3H, s, -OCH,),
4.87 (2H, m, H-6), 6.52 (2H, s, 2-OCH,0-3), 7.05 (1H,
s, H-4), 7.54 (1H, s, H-1), 7.88 (1H, d, J = 8.7 Hz, H-
11), 8.02 (1H, d, J = 8.7 Hz, H-12), 8.84 (1H, s, H-13),
9.92 (1H, s, H-8); "C NMR (100 MHz, DMSO-d,) J,.:
25.9 (C-5), 55.5 (C-6), 55.9 (-OCH,), 104.4 (2-OCH,O-
3), 111.4 (C-4), 111.7 (C-1), 112.1 (C-11), 119.2 (C-8a),
120.5 (C-14a), 120.9 (C-13), 121.8 (C-12), 127.0 (C-4a),
132.5 (C-12a), 137.2 (C-14), 143.7 (C-9), 144.5 (C-8),
146.4 (C-2), 146.9 (C-3), 150.6 (C-10). 'H NMR 5
C NMR %45 5 SCik7 %) i — 2, Bt e &3 -
berberrubine .

k&4 s 'H NMR (400 MHz, CDCl,)
d,: 2.64 (2H, m, H-5), 2.83 (1H, m, H-13a), 3.14 (1H,
m, H-6a) 3.22 (2H, m, H-6b, 13b), 3.50 (I1H, d, J =
15.6 Hz, H-8a), 3.54 (1H, m, H-14), 3.87 (6H, s, 3, 10-
OCH,), 4.24 (1H, d, J = 15.6 Hz, H-8b), 6.59 (1H, s, H-
4),6.66 (1H,d, J=8.1 Hz, H-12), 6.73 (1H, d, J= 8.1 Hz,
H-11), 6.82 (1H, s, H-1); "C NMR (100 MHz, CDCl,)
Je: 29.8 (C-5), 36.3 (C-13), 51.7 (C-6), 53.6 (C-8), 56.1
(10-OCH,), 56.3 (3-OCH,), 59.3 (C-14), 109.2 (C-1),
110.7 (C-11), 111.5 (C-4), 119.4 (C-12), 121.7 (C-8a),
126.3 (C-14a), 128.3 (C-12a), 130.6 (C-4a), 141.7 (C-9),
144.1 (C-10), 144.2 (C-3), 1452 (C-2). 'H NMR 5
PC NMR 45 5 SCERE I8 — 2, RS et &40
(=)-scoulerine.

WAEYS  KEERA; '"HNMR (400 MHz, CDC,)
d,: 2.23 (1H, m, H-4a), 2.55 (5H, m, H-3a, 4b, N-CH,),
2.84 (1H, m, H-3b), 4.04 (1H, d, J = 4.0 Hz, H-1), 5.56
(1H, d, J = 4.0 Hz, H-9), 5.94 (2H, s, 4-OCH,0-5"),
6.17 (3H, m, H-2', 6-OCH,0-7), 6.48 (1H, s, H-8), 6.58
(1H, s, H-5), 6.91 (1H, d, J = 8.0 Hz, H-3"); "C NMR
(100 MHz, CDCL,) 6.: 29.9 (C-4), 45.2 (N-CH,), 49.4
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(C-3), 66.1 (C-1), 85.0 (C-9), 101.0 (6-OCH,0-7), 103.3
(4-OCH,0-5"), 107.8 (C-8), 108.6 (C-5), 110.3 (C-3"),
113.2 (C-6"), 115.6 (C-2'), 124.5 (C-4a), 130.6 (C-8a),
140.4 (C-1"), 144.6 (C-5'), 146.0 (C-7), 146.9 (C-6),
149.2 (C-4"), 167.4 (C-10). 'H NMR 5 "*C NMR ¥ #
5 SCHRPOR B — 25, %S 58 16 &4 5 9 bicuculline »

&6  HEE E; 'HNMR (400 MHz, CD,0D)
. 2.44 (1H, m, H-4a), 2.58 (3H, s, N-CH,), 2.63 (1H,
m, H-4b), 2.70 (1H, m, H-3a), 3.01 (1H, m, H-3b), 3.50
(3H, s, 6-OCH,), 3.78 (3H, s, 7-OCH,), 4.15 (1H, m, H-
1), 5.84 (1H, m, H-9), 6.12 (2H, s, 4-OCH,0-5"), 6.16
(1H, s, H-8), 6.55 (1H, d, J = 8.0 Hz, H-2'), 6.67 (1H, s,
H-5), 7.09 (1H, d, J = 8.0 Hz, H-3'); "C NMR (100 MHz,
CD,0OD) d.: 27.1 (C-4), 44.5 (N-CH,), 49.9 (C-3), 56.3
(6-OCH,), 66.9 (C-1), 85.4 (C-9), 104.8 (4-OCH,0-5"),
110.7 (C-6"), 112.1 (C-8), 112.7 (C-5), 114.7 (C-3"),
116.8 (C-2'), 123.8 (C-4a), 130.5 (C-8a), 142.4 (C-1"),
146.0 (C-5"), 148.0 (C-7), 149.6 (C-6), 150.6 (C-4"),
166.9 (C-10). 'H NMR 5 *C NMR #4555 SRk 18
— 5, RIS A 64 (-)-corlumine

&7 BRI AK; 'HNMR (400 MHz, CD,0D)
d,: 2.76 (1H, m, H-5a), 3.28 (2H, m, H-13), 3.37 (1H,
m, H-6a), 3.57 (1H, m, H-5b), 3.72 (1H, m, H-6b), 3.77
(3H, s, 10-OCH,), 3.81 (3H, s, 3-OCH,), 4.57 (3H, m, H-
8, 14), 6.74 (2H, s, H-1, 4), 6.75 (1H, d, J = 8.0 Hz, H-
12), 6.84 (1H, d, J = 8.0 Hz, H-11); *C NMR (100 MHz,
CD,0D) 6.: 25.9 (C-5), 30.5 (C-13), 56.3 (10-OCH,),
56.5 (3-OCH,), 65.3 (C-6), 67.6 (C-8), 68.8 (C-14), 111.8
(C-11), 112.4 (C-4), 113.5 (C-1), 117.3 (C-8a), 119.9 (C-
12), 124.4 (C-4a), 125.7 (C-14a), 126.5 (C-12a), 144.4
(C-9), 146.7 (C-3), 146.9 (C-10), 148.6 (C-2). 'H NMR
5 BC NMR %45 5 SCkl ot i — 2, it et &9
7 N scoulerine-$-N-oxide.

&8 HEK K, 'HNMR (400 MHz, CD,0D)
d,: 2.38 (1H, m, H-15a), 2.44 (1H, m, H-16a), 3.22 (2H,
m, H-15b, 16b), 3.30 (3H, overlapped, N-CH,), 3.49
(2H, m, H-10), 3.75 (3H, s, 6-OCH,), 3.86 (3H, s, 3-
OCH,), 4.29 (1H, m, H-9), 6.45 (1H, s, H-8), 6.69 (1H,
d, J = 8.3 Hz, H-1), 6.92 (1H, d, J = 8.3 Hz, H-2), 7.80
(1H, s, H-5); "C NMR (150 MHz, CD,0D) 6. 34.3 (C-
10), 36.4 (C-15), 43.6 (C-13), 55.4 (N-CH,), 56.8 (6-
OCH,), 57.6 (3-OCH,), 62.0 (C-16), 77.7 (C-9), 112.2
(C-2), 120.0 (C-1), 122.1 (C-5), 124.7 (C-12), 126.1 (C-
11), 127.5 (C-8), 145.7 (C-4), 148.7 (C-3), 152.0 (C-6),
158.4 (C-14), 182.2 (C-7). 'H NMR 5 “C NMR # 4 5

SCRRUAIS IR — 2, [T % 2 A & W) 8 A salutaridine N-
oxide.

&9 AR, 'HNMR (400 MHz, CDCL,)
d,: 1.88 (3H, s, N-CH,), 2.36~3.40 (6H, m, H-5, 6, 13),
3.74 (2H, d, J = 16.2 Hz, H-8), 3.76 (3H, s, 9-OCH,),
3.83 (3H, s, 10-OCH,), 5.90 (2H, s, 2-OCH,0-3), 6.61
(1H, s, H-1), 6.78 (1H, d, J = 8.2 Hz, H-12), 6.89 (1H, d,
J=8.2Hz, H-11), 6.93 (1H, s, H-4); "C NMR (150 MHz,
CDCL,) J.: 32.3 (C-5), 41.3 (N-CH,), 44.8 (C-13), 50.8
(C-8), 55.7 (10-OCH,), 57.5 (C-6), 60.8 (9-OCH,), 101.3
(2-OCH,0-3), 109.2 (C-4), 110.4 (C-1), 110.7 (C-11),
127.7 (C-12), 128.5 (C-8a), 129.5 (C-12a), 132.8 (C-14a),
134.9 (C-4a), 146.1 (C-3), 147.4 (C-10), 148.1 (C-2),
151.1 (C-9), 191.9 (C-14). 'HNMR 5 “C NMR ##& 5
SCHERUIRE R — 5, RS E A1) 9 4 alloeryptopine .

HEP10 Ak K, 'H NMR (400 MHz, CDCL,)
3, 1.94 (3H, s, N-CH,), 2.38~3.88 (8H, m, H-5, 6, 8, 13),
5.95 (2H, s, -OCH,0-), 5.97 (2H, s, -OCH,0-), 6.69 (3H,
m, H-4, 11, 12), 6.92 (1H, s, H-1); "C NMR (100 MHz,
CDCL,) d.: 31.9 (C-5), 41.6 (N-CH,), 46.6 (C-13), 51.0
(C-8), 58.0 (C-6), 101.0 (-OCH,0-), 101.3 (-OCH,0-),
106.9 (C-11), 108.3 (C-1), 110.6 (C-4), 118.0 (C-8a),
1252 (C-12), 129.1 (C-12a), 132.9 (C-14a), 136.3 (C-
4a), 146.0 (C-10), 146.1 (C-9), 146.5 (C-2), 148.1 (C-3).
'H NMR 5 "C NMR ¥4 5 SCERU%F B — 2, Bk %8
SE AL A4 10 A protopine

a1 LEER S A; 'H NMR (400 MHz,
CDCL,) d,: 2.52 (3H, s, N-CH,), 2.72~3.04 (4H, m, H-
3,4),3.32 (1H, m, H-9a), 3.55 (1H, dd, J = 18.4, 5.0 Hz,
H-9b), 4.12 (1H, m, H-1), 595 (2H, s, 6-OCH,0-7),
6.06 (2H, s, 4-OCH,0-5"), 6.40 (1H, d, J = 7.9 Hz, H-
2"), 6.43 (1H, s, H-8), 6.60 (1H, s, H-5), 6.68 (1H, d, J =
7.9 Hz, H-H-3"); °C NMR (100 MHz, CDCL,) 6. 24.5
(C-4), 42.1 (C-9), 42.8 (N-CH,), 48.5 (C-3), 66.7 (C-1),
101.4 (6-OCH,0-7), 101.9 (4'-OCH,0-5"), 107.7 (C-8),
108.4 (C-5), 108.9 (C-3"), 121.9 (C-6"), 123.9 (C-2"),
125.6 (C-4a), 125.9 (C-1'), 127.5 (C-8a), 146.9 (C-5"),
147.2 (C-7), 147.4 (C-6), 147.6 (C-4"), 169.1 (-COOH).
'H NMR 5 "C NMR %4 55 SClR!" ) f — 25, [k %8
FEMNAY) 11 4 coryximine

th&P12  #EaEr S, 'H NMR (400 MHz, CDCL,)
Jd,: 2.00 (3H, s, N-CH,), 2.73 (2H, m, H-5), 3.27 (1H, m,
H-6a), 3.50 (2H, m, H-6b), 3.71 (2H, m, H-13), 3.84 (2H,
m, H-8), 3.89 (6H, s, 2, 3-OCH,), 5.93 (2H, s, 9-OCH,O-
10), 6.68 (3H, m, H-11, 12, 4), 7.01 (1H, s, H-1); *C NMR
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(100 MHz, CDCL,) d.: 31.7 (C-5), 41.7 (N-CH,), 45.6
(C-13), 51.0 (C-8), 56.1 (2, 3-OCH,), 57.5 (C-6), 101.1
(9-OCH,0-10), 107.2 (C-11), 112.1 (C-1), 113.4 (C-4),
116.8 (C-8a), 124.8 (C-12), 129.0 (C-12a), 130.5 (C-4a),
134.0 (C-14a), 146.2 (C-9), 146.3 (C-10), 147.4 (C-2),
149.6 (C-3), 180.6 (C-14). 'H NMR 5 “C NMR ¥4 5
SCHRU TS E— 2, R %558 LA ) 12 28 eryptopine

A3 AtERE; 'TH NMR (400 MHz, CD,0D)
d,: 3.19 (1H, m, H-5a), 3.31 (6H, m, N-CH,, H-5b, 13),
3.49 (1H, dd, J = 18.4, 5.1 Hz, H-6a), 3.66 (1H, m, H-
6b), 3.88 (1H, m, H-8a), 4.81 (2H, m, H-8b, 14), 6.00
(4H, m, 2-OCH,0-3, 9-OCH,0-10), 6.82 (4H, m, H-1,
4, 11, 12); *C NMR (100 MHz, CD,0D) §.: 23.5 (C-5),
34.7 (C-13), 50.9 (N-CH,), 53.5 (C-6), 59.7 (C-8), 67.6
(C-14), 103.0 (2-OCH,0-3), 103.5 (9-OCH,0-10), 107.7
(C-4), 109.4 (C-11), 110.1 (C-1), 122.4 (C-12, 4a), 123.4
(C-8a), 123.8 (C-14a), 125.9 (C-12a), 145.6 (C-3), 148.0
(C-10), 148.6 (C-2), 150.1 (C-9). 'H NMR 5 "*C NMR
ot 5 SCHERN 0 B — 2, RS B AL A 13 08 cis-N-
methylstylopine.

&4 T dg; 'TH NMR (400 MHz, CDCI,)
d,: 2.07 (3H, s, N-CH,), 2.78 (2H, m, H-5), 2.95 (2H, m,
H-6), 3.69 (2H, m, H-13), 3.86 (2H, m, H-8), 3.87 (3H, s,
10-OCH,), 5.94 (2H, s, 2-OCH,0-3), 6.62 (1H, s, H-4),
6.69 (1H, d, J = 8.2 Hz, H-12), 6.75 (1H, d, J = 8.2 Hz,
H-11), 6.95 (1H, s, H-1); "C NMR (150 MHz, CDCl,)
3.:30.9 (C-5),41.5 (N-CH,), 45.2 (C-13), 51.0 (C-8), 56.2
(10-OCH,), 57.1 (C-6), 101.4 (2-OCH,0-3), 108.7 (C-
1), 109.4 (C-4), 110.2 (C-11), 128.0 (C-12, 8a), 129.7 (C-
12a), 132.7 (C-4a), 135.6 (C-14a), 143.9 (C-9), 145.6 (C-
2), 146.4 (C-3), 148.2 (C-10), 193.5 (C-14). 'H NMR
5 PC NMR i d 5 SC R0 18— 2, RIS e &4
14 ¥ hunnemannine .

&S5 FHERK, UV (MeOH) 4 log (g) 200
(4.88), 290 (4.00), 380 (4.09) nm;'H NMR (600 MHz,
DMSO-d,) f1°C NMR (150 MHz, DMSO-d,) $i#i W% 1,
7> 1k C,H,NO,", HR-RES-MS m/z 342.091 8 [M]”
(T 51E R 342.097 3).

3 H0EIIBUSEM RIS

3.1 xHIBUHPHIEMRITEE £ 96 FLAR T 43l
50 uL ¥ ¥ 4 0.25 mg-mL" K] JBU ¥ WAl — & 51 ik
JEE A T R 0 B B L AR D S I 11 A AR AR, T
TRV B 37 °CH) 2 Dy Re B AR X TR B IR ), W5 &
20 min Ji5 TN 100 L bR 2 B 6V, 38 9% 8 51 J5 4k 225
7 20 min. #RJ5 M\ Berthelot & €43 (5601 A W5 N

B, %% 25 uL), &%) J5 &N 10 min, 76 B AR A 4 0 2
635 nm AN N 5 43 AT JE 10 min FIWOE B, 1F 5 OD
SEIOAE, BEANREE N = H AT AR R FL ¥ PBS-
EDTA & HAE 2 FI 0 B, SRAFAHRL I OD = (A - AR R
AR E IS,
i1 2 (%) = (OD .y, — OD y.) / OD.. ., X 100%
(1
3.2 FAURFIXTE A E JBUAEF B9 NaF
J2 5 S M 4 A JI I 7R 5 8 S Ak IR I 4 1) 77 BA
T A A T A VA 1) SR AT 400 5 75 P 0 B A S
9 MR T P 355 VRS R NPT SR A P Rk B A4 T TBUU 1
AR L 2 5 O A UG 1 R0 NI, E 96 FLAR 1 LAAH
7] 77 9NN JBU ¥ A1 5 mmol-L'BA B NaF, % & 5¢
FE, N Berthelot &t (43, [ M. 10 min, 75 B A5 3 H
WM5E 635 nm AL & EHT 5 10 min RO R, Wl =
HAPAT S ARG A R 2 B R R BV E . DAAH R 7 ik,
BN AR S22 () PBS-EDTA W W AE %% 16 R, I = 40
SPAT JE S R R B 1
FRARTHETERA (%) = 100% ~ [(OD 5 ~
OD...)/OD...1% )
4 FHERELEYELERS IBUESIAY FXIE
=
M Protein Data Bank & [ 504 B T JBU R H =
Ykl (PDB ID: 3LA4), 43 #1%2.05 A, J#id Dsicovery
Studio 2019 % %F H i3 AT WAL 22, 7E 48 H AutoDock-
Tools 3 A4 kb ¥R 3t 1) 2 1 5% A6 R pdbqt SCHF - # (-)-
tetrahydrocorysamine (1) #./4 ] 2D 451 5 A\ Chem3D
Bk, SREUAL A 01 3D SE M IR AT RE B ALk, FF
FEIZ 1T AutoDockTools F A 3EAT Tl Ak 22, 4k 4 pdbqt
S BLIBU T O R N R B 1S 2 A A g o
O, TEHERETE 48 . B H vina #4729 7 0%, it
A5 J/NT 0 keal-mol ™ I 3E B A 97T 5 28 11 45 F4 A
EA, BERER, 25 SR E
5 GitEa
{ F§ GraphPad Prism 8 ¥ f 3E47 4e it 5 40 #r, B
BRIHIMEE 3K (n=3), BIEL R 1+ s 8w, |
AN HOCR ] A B HEAT HL AL, P < 0.05 Ron 7 B A
GuitFE o
{8 F: 2 1 2 R SIS 1 RERS I %
Y R BT 4 57 58 BT A S BRI 95 2R AR AR S IE S
RN MRS Y R TR S
FIZE RS AW FAAEEATL TR 2R PR
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