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[ Abstract | Objective; To study the chemical components of Daphniphyllum calycinum and their anti-
cholinesterase activity. Method: The chemical constituents of D. calycinum were isolated and purified by silica gel
column chromatography, Sephadex LH-20 column chromatography, MCI column chromatography and preparative
HPLC. Their structures were identified according to their physicochemical properties, nuclear magnetic resonance
spectroscopy ( NMR ), mass-spectrography ( MS ) and literature analysis. Furthermore, the anti-
acetylcholinesterase and anti-butyrylcholinesterase activities of compounds were measured by UPLC-MS/MS
method. Result: Eight compounds were isolated from D. calycinum and their structures were identified as 5-
oxymaltol (1), secodaphniphylline (2), 2, 6-dimethyl-3-hydroxychromone (3), deoxycalyciphylline B (4),
calyciphylline A (5), daphnezzomine M (6), and deoxyisocalyciphylline B (7). Compound 4 and 7 were showed
anti-acetylcholinesterase activity, the ICy, values of compound 4 and 7 were (128.83 £21.41) pmol + L' and

(56.15 +11.02) pmol - L', respectively. And compound 2, 4, 5 and 7 were showed anti-butyrylcholinesterase
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activity, the 1C,, values of compound 2, 4, 5 and 7 were (0.31 +0.15) pwmol - L™", (54.53 +3.33) pmol -

L™", (811.17 £22.49) pmol + L™

and 3 were isolated from this plant for the first time.

and (8.13 £0.78) pmol - L™, respectively. Conclusion; Compound 1

Compound 2 and 7 were showed strong anti-

butyrylcholinesterase activity, and were the potential of cholinesterase inhibitors.
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butyrylcholinesterase ; cholinesterase inhibitors
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calycinum ;

chemical  constituents;  acetylcholinesterase;

oxymaltol (1) ,secodaphniphylline (2),2,6-dimethyl-
3-hydroxyc hromone (3), deoxycalyciphylline B (4) ,
calyciphylline A (5 ), daphnezzomine M (6 ),
deoxyisocalyciphylline B (7) , i#iid UPLC-MS/MS &
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2 RRESE (C-20), 23.9 (C-21), 213.3 (C-22), 51.0 (C-

WA HARK S e iR S kg, /K 2 55 L4l
PR B IR R 4T IE T BEAEEL, BI04
BB 26 O, MR 4 15 & TR AR o o LR SRR
FH B0 A, RE RS FEFE 38 23 fE AT 515 (A v k-
LR CTRRGEVENL) 733 13 AN YRR AR AL, B &R AL
i 3k 5 SR A A €533 , Sephadex LH-20 B AT 4,31
ODS #: 3% % B Rb5 9 1,3, K 1E T EH AN
ZKIH pH 9 ~ 10 AR @ W ke IE T BEZEH, &
I A BOR , W Ai A5 25 AR B o B e
AL E e MCL AE 5 M 538 12 DAL R &
[ Sephadex LH-20 #§ Ji¢ #1 €4 3% , il 5 #i )=, ODS
HEE, SEkaw4~T7,

3 GHHETE

k&M 1 5E & (F ), H-NMR
(DMSO-d, , 400 MHz)§: 8.93 (1H, s, H-3), 8.76
(1H, s, H-5), 7.93 (1H, s, H6), 2.21 (3H, s,
H-7); "C-NMR (DMSO-d,, 100 MHz) §:141.3 (C-
2), 149.2 (C-3), 168.5 (C-4),144.2 (C-5),
139.0 (C-6), 14.5 (C-7) . b RS kiR i
[10-11 ] BEAR —3, M L&Y 1 24 5-oxymaltol

k&M 2 Jota ik, ESI-MS m/z 470.363 2
[M+H]",'"H-NMR (CD,0D, 400 MHz) &: 3.43
(1H, brs,H-1), 1.64 (1H, m,H-2), 1.78 (1H,
m,H-3),2.05 (3H, m,H-3,4,15), 1.68 (3H, m,
H4,6,9), 2.66 (1H, m,H-7), 3.15 (1H, m,H-
11),3.64 (1H, m, H-11), 1.51 (1H, m,H-12),
1.54 (2H, m, H-12,14), 2.08 (2H, m, H-13),
1.98 (1H, m,H-14), 1.81 (1H, m,H-15), 1.71
(1H, m,H-16), 2.02 (1H, m,H-16),2.97 (1H,
m,H-17), 3.06 (1H, m,H-17), 1.09 (1H, m,H-
18), 1.04 (3H, d, J=6.0 Hz,H-19), 1.10 (3H,
d, J=4.4 Hz,H20), 1.37 (3H, s,H=21), 0.82
(3H, s,H-24),3.61 (1H, d, J=12.1 Hz,H-25),
4.30 (1H, d, J=12.0 Hz, H25), 4.63 (1H, d,
J=5.6 Hz, H-26), 1.88 (1H, m, H27), 2.08
(1H, m, H-27),1.92 (1H, m, H28), 2. 12 (1H,
m, H-28), 1.92 (3H, s, H-30); "“C-NMR
(CD,0D, 100 MHz) §: 65.4 (C-1), 31.5 (C-=2),
22.0 (C-3), 40.9 (C4), 38.2 (C-5), 38.7 (C-
6), 51.8 (C-7), 48.5 (C-8), 40.2 (C-9), 78.6
(C-10), 47.1 (C-11), 24.0 (C-12), 25.4 (C-
13), 30.0 (C-14), 28.8 (C-15), 26.7 (C-16),
36.8 (C-17), 25.2 (C-18), 21.1 (C-19), 21.6

23), 17.7 (C=24), 66.2 (C=25), 82.2 (C-=26),
26.2 (C27), 34.7 (C-8), 106.6 (C-29), 24.2
(C-30) o DL b%ds 5 Semk [ 12-13 ] izl — 2, s
FEAAEY 2 Fy secodaphniphylline

k&% 3 Kk, H-NMR (CD,0D, 400
MHz) §: 7.90 (1H, brs,H-5), 7.52 (1H, dd, J =
8.6,6.6 Hz, H-7), 7.42 (1H, d, J =8.6 Hz, H-
8), 2.44 (6H, s, H-11,12); "C-NMR ( CD,0D,
100 MHz) §: 139.8 (C-2), 152.2 (C-3), 174.0
(C4), 125.1(C-5), 135.7(C-6), 135.6(C-7),
119.0(C-8), 155.1 (C-9), 123.1 (C-10), 20.9
(C-11), 15.0 (C-12), LA E%C¥E 5 SCHk[ 14 1458
—H, e S YW 3 N 2, 6-dimethyl-3-
hydroxychromone,

a4 Tota ) i, ESI-MS m/z 342.243 3
[M+H]", "H-NMR (CD,0D, 400 MHz) &: 3.18
(1H, d, J=17.1 Hz,H-1), 2.70 (1H, m,H-2),
1.62 (1H, m,H-3), 1.88 (1H, m, H3), 1.47
(IH, m, H4), 1.73 (1H, m, H4), 2.04 (1H,
m, H-6), 3.55 (1H, d, J=7.9 Hz, H-7), 2.60
(1H, m, H-10), 1.39 (1H, m, H-11), 1.80 (1H,
m, H-11), 1.11 (1H, m, H-12), 1.78 (1H, m,
H-12), 1.67 (1H, m, H-13), 1.96 (1H, m, H-
13), 1.50 (1H, m, H-14), 2.40 (1H, m, H-14) ,
5.64 (1H, d, J=2.6 Hz, H-15), 2.36 (2H, m,
H-16), 1.39 (1H, m, H-17), 2.26 (1H, m, H-
17), 2.41 (1H, m, H-18), 3.11 (1H, dd, J =
8.6, 13.1 Hz, H-19), 2.14 (1H, dd, J =13.2,
17.7 Hz, H-19), 1.07 (3H, d, J =10.2 Hz, H-
20), 1.33 (3H, s, H-21); “"C-NMR (CD,0D, 100
MHz) §: 70.5 (C-1), 48.2 (C-2), 21.5 (C-3),
37.5 (C4), 88.5 (C-5), 49.4 (C-6), 57.8 (C-
7),53.2 (C8), 145.2 (C9), 39.2 (C-10), 31.5
(C-11), 21.1 (C-12), 30.5 (C-13), 28.3 (C-
14), 129.4 (C-15), 32.7 (C-16), 33.7 (C-17),
36.5 (C-18), 60.4 (C-19), 13.0 (C-20), 19.9
(C21),175.7 (C-22) ., Vi F¥ds 5 3CHk[ 15 ] #iE
— 3, EE Y 4y deoxycalyciphylline B,

& 5 %k A m R Y, ESI-MS m/z
386.233 1[M +H] " ,'"H-NMR (CD,0D, 600 MHz)
8:2.34 (1H, m,H-2), 0.88 (1H, m, H-3), 2.32
(1H, m, H3),3.69 (1H, brs, H4), 2.76 (1H,
m, H-6), 3.10 (1H, t, J=10.9 Hz, H-7), 3.24
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(IH, m, H-7), 1.95 (1H, m, H-11), 2.06 (1H,
m, H-11), 1.49 (1H, m, H-12), 1.83 (2H, m,
H-12,16), 2.55 (1H, m, H-13), 2.69 (1H, m,
H-13), 2.70 (1H, m, H-14), 3.30 (1H, m, H-
15), 1.24 (1H, m, H-16), 2.29 (1H, dd, J =
10.8, 16.6 Hz, H-17),2.52 (1H, m, H-17), 2. 40
(1H, m, H-18), 2.92(1H, dd, J=8.8, 13.5 Hz,
H-19), 3.45 (1H, dd, J=6.7, 13.4 Hz, H-19),
1.11 (3H, d, J=6.9 Hz, H-20), 1.48 (3H, s, H-
21), 3.53 (3H, s, H-23);"”C-NMR (CD,0D, 150
MHz) §: 215.9 (C-1), 43.6 (C-2), 19.5 (C-3),
89.5 (C-4), 62.7 (C-5), 49.5 (C-6), 74.4 (C-
7), 52.8 (C-8), 141.0 (C-9), 140.9 (C-10),
27.1 (C-11), 29.9 (C-12), 41.6 (C-13), 42.7
(C-14), 54.2 (C-15), 28.2 (C-16), 41.5 (C-
17), 32.7 (C-18), 67.4 (C-19), 19.3 (C-20),
27.7 (C21), 176.0 (C-22), 51.8 (C-23), VI I
B S CER[16 ]l — 8, M ECEhKEW S H
calyciphylline A,

A 6 [k K, ESI-MS m/z 346.274 6
[M+H]", "H-NMR (CD,0D, 600 MHz) §: 3.43
(1H, s, H-1), 1.46 (1H, m, H2), 1.38 (1H,
m, H3), 1.82 (4H, m, H3,4,11,12), 1.31
(1H, m, H4), 2.13 (1H, t, J=5.3 Hz, H6),
3.07 (1H, d, J=4.5 Hz, H-7), 2.00 (1H, m, H-
9),1.74 (2H, m, H-11, H-17), 1.61 (1H, m, H-
12), 1.72 (2H, m, H-13), 2.05 (2H, m, H-14,
15),2.25 (1H, m, H-14), 1.52 (1H, m, H-15),
1.55 (1H, m, H-16), 1.78 (2H, m H-16,17),
1.44 (1H, m, H-18), 1.05 (3H, d, J=6.1 Hz,
H-19), 1.00 (3H, d, J =6.1 Hz, H20), 0.92
(3H, s, H21); "C-NMR (CD,0D, 150 MHz) §:
51.7 (C-1), 42.0 (C-2), 20.9 (C-3), 37.2 (C-
4),45.8 (C-5),59.1 (C-6), 37.7 (C-7), 54.1
(C-8),49.7 (C9), 40.7 (C-10), 23.7 (C-11),
30.1 (C-12), 33.9 (C-13), 30.6 (C-14), 26.8
(C-15), 36.2 (C-16), 29.4 (C-17), 20.8 (C-
18),20.7 (C-19), 20.9 (C-20), 181.6 (C-21),
DL BBl 5 SR [ 17-18 il — B, i @ b &5 6
>~ daphnezzomine M,

AT BK,ESI-MS m/z 342.243 3 [ M +
H]",'H-NMR (CD,0D, 600 MHz) &: 3.15 (1H,
d, J=4.2 Hz, H-1), 2.70 (1H, m, H2), 1.68
(1H, m, H3), 1.95 (1H, m, H3), 1.71 (1H,
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m, H4),2.03 (1H, m, H4), 2.33 (1H, m, H-
6),3.87 (1H, d, J =6.9 Hz, H-7), 2.60 (1H,
m, H-10), 1.06 (1H, d, J=6.7 Hz, H-11), 1.97
(1H, m, H-11), 1.74 (2H, m, H-12,13), 1.91
(1H, m, H-12),2.02 (1H, m, H-13), 2.78 (2H,
dd, J=6.3, 8.4 Hz, H-14),5.70 (1H, d, J=1.6
Hz, H-15), 1.51 (1H, m, H-16), 2.30 (2H, m,
H-16,17), 2.17 (1H, m, H-17), 2.41 (1H, m,
H-18),2.99 (1H, dd, J=7.8, 10.6 Hz, H-19),
2.58 (1H, m, H-19), 1.06 (3H, d, J=6.7 Hz,
H-20), 1.51 (3H, s, H-21); “"C-NMR (CD,0D,
150 MHz) 8: 75.6 (C-1), 49.7 (C-=2), 23.4 (C-
3),33.9 (C4), 87.2 (C-5), 44.2 (C-6), 60.8
(C-7),50.1 (C-8), 147.5 (C-9), 42.8 (C-10),
33.2 (C-11), 25.3 (C-12), 30.2 (C-13), 26.9
(C-14), 130.1 (C-15), 31.6 (C-16), 31.4 (C-
17), 36.8 (C-18), 61.4 (C-19), 14.5 (C-20),
22.5 (C21), 174.8 (C22), Lk b %45 ik
(15 ] ik # — %, WX E 50 T H
deoxyisocalyciphylline B,
4 1 RB o B i 1

R AT A 4 g S ¥ UPLC-MS/MS 3 % 4k &
Y1 ~7 i AChE F1l BChE 1% PEgEATil e . #/E T .
FE i 2B S AR BC 819 32 1a0FE 10 Wl SRS A
fiff W (AChE 25 0.003 5 U-mL ™" ,BChE > 0.008 U-
mL ") 40 pL R4, CE 1S min, MIAJEY (ACh
5.505 pmol-L ™" ,BCh Jy 7. 152 wmol-L™") 50 pL,25
C [ )% 20 min, 37 BIFH &4 1.899 wmol - L™ IS fy vk
ZHE (0 °C) 300 pL £ 1k s i, 15 000 x g &5 .0 10
min SR E 35 R UPLC-MS/MS 32 %5 4= it iy Ch %
TR 25 AT AR A 2 B A R R S A
(52 FE A 10 WL 4 pZE pPds Wik 10 L, Hox 2D TR
[FIRE AL i B AR R 3 = (Clpy -
Cirm )/ Copyy (100% ,C .. Frn a5 FHEHAE L Ch 195
i, Crpp /N RFIIRE S 1 2E B Ch B 6 P40
W BE (1C, ) il Prism 5 #RAFBEATIHE

B 458 W& LA W Bt AChE Al BChE 7% 4
(IC,) M, 5 R WE 1, (b5 4 M1 7 HAH
AChE &, 1C,, 20 9 J3 (128. 83 +21.41),(56. 15 =+
11.02) pmol - L™ " s fb &4 2,4,5 1 7 H A 4 BChE
T % M, 1C,, 43 4 (0. 31 £0.15) ,(54.53 £3.33) ,
(811.17 £22.49),(8.13 +0.78) wmol - L. ™',
5 #Kit5itie

ARSI 3 0 A FAR LR £ TR K IE T R AL B9
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®1 TREALEWI AChE 1 BChE ) IC; #I I iE 1 (5 £ )

Table 1 AChE and BChE inhibitory activities of various
compounds( % ) wmol - L ™!
ey AChE BChE

= At 5 0.05 +0. 00 0.25 +0. 00

1 >1 000 >1 000

2 >1 000 0.31 +0. 15

3 >1 000 >1 000

4 128. 83 £21.41 54.53 £3.33

5 >1 000 811.17 £22.49

6 >1 000 >1 000

7 56.15 £11.02 8.13 £0.78

A Wi, o K E T T MMea Y, R
5 1R 3 D9 WA Y o AR A . R
UPLC-MS/MS 3% % 73 # 3R 4% 09 fb & W) i 17 148 51 3t
AChE HI BChE {&PE0F5T, R AL 5 4 Hikat 7
Y[R mh HA7 50 AChE F4T BChE & 1, e fb &4 4
FE P57 TR BTG PR 2 O o AR R AL S 7 B
SEORZ R PT AChE 3% ¥ K B0 19 5T BChE & £ 5 10
a2 55 WEAY BChE 361, JF HAL B9 2
R AR R R, 5B M 2y 22 b g [1C, (0.25 =
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