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Chemical Constituents and Their Acetylcholinesterase Inhibitory Activity of
Underground Parts of Clematis heracleifolia
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Abstract — To clarify chemical constituents of Clematis heracleifolia, isolation and structure elucidation of the underground
parts of C. heracleifolia were performed. Five compounds were isolated from CHCI, and n-BuOH soluble fraction of this plant.
On the basis of spectral and physico-chemical data, the structure of isolated compounds were identified as coniferyl alcohol
(1), scoparone (2), (+)-lariciresinol (3), phytosterols (4), and daucosterol (5), respectively. All compounds are isolated from this
plant for the first time. To evaluate anti-acetylcholinesterase activity of the isolated compounds, compounds 1, 2, 3, and 5 were
tested inhibition activity against acetylcholinesterase. Among tested compounds, daucosterol (5) showed acetylcholinesterase

inhibitory activity with IC,, value of 6.1 uM.
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antioxidant, antiviral, apoptosis, cartilage protective, diuretic,
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ARl AVANCE 6005 ©]-8-5t] Z4513ith. Mass spectrum
2 AB Sciex AF2] API 3200 LC/MS/MS systems ©]-8-3}
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2 FAE A S ARSI L Acetylcholinesterase,
acetylthiocholine, 5,5'-dithiobis(2-nitrobenzoic acid)= Sigma
A A& AR TLC plate= Merck ] precoated
Kieselgel 60 F254s(layer thickness 0.25 mm, 20%20 cm,
Merck Art. No. 5715), RP-18 F254s2 A}-&3&9om,
column chromatography 2] % %A = MerckA}2] Kieselgel
60(63-200 um = 40-63 um) 2 YMC gel ODS-A(150 pm)
£ ARESIITE TLC spot WA 254 nm UV 2 20% it
LNg ARSI T GC-MS= AgilentA}2] 7890 A system
S AFEE9 o™, columne HP-5MS capillary column
(30 mx0.25 mm)E ARSI}, Injection 2%+ 250°CE A
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£ AN o] AR (Fr. 1-Fr. 922 Uit o] 5
Fr. 29} Fr. 3(1.0 g)= ™32 2 benzene:EtOAc(2:1)2} n-
hexane:EtOAc(2:1)S &1 £ silica gel(Merck, 40-63 um)
column chromatography(3.0x20 cm)Z 7}z} 2] 5le] 313}
E 127 mg)S AAT}. A Fr. 49} Fr. 5009 gy tie =
CHCI;:MeOH(19:1)= 8" = silica gel(Merck, 40-63 pum)
column chromatography(3x20 cm)Z ¥ 2 A]5lo] 3}5HE
2(3.1 mg)9}t 3= 3(60 mg)ye 212 AATH

n-BuOH #8(15¢) silica gel(Merck, 63-200 um)
column(5x50 cm)?ll o] EtOAc:MeOHS £v 2 19:1014
L17HA] S48 S7HA71HA] stepwise gradient chromato-
graphy=S AA)5led 57)9] £-8)(Fr. B-1-Fr. B-5)2.2 UF+3)
t}. o] 5 Fr. B-1(2.0 g)ll th3ted CHCL:MeOH(49:1)2 n-
hexane:EtOAc(4:1)2 &l & slilca gel column chromato-
graphy(Merck, 40-63 um, 3x50 cm)E AAJslo] 33HE 4(45
mg)yS AU} Fr. B-4(5.2 2)S WS = CHCL;:MeOH(7:1)
< 812 silica gel column chromatography(Merck, 63-
200 pm, 3x50 cm)E XKL 70e] 222 (Fr. B-4-1-Fr. B
-4-6)°.% i), Fr. B-4-3(0.8 2)& CHCl:MeOH(9:1)]
|12 silica gel column chromatography(Merck, 40-63 um,
3x20 cm)yE AAlEt 9 5(63 me)S AUt

31812 1-Brown powder; 'H-NMR (600 MHz,
CD,0D) &: 3.84 (3H, s, OCH,), 4.18 (1H, dd, J=1.0, 6.0
Hz, H-9), 6.18 (IH, dt, J=15.8, 6.0 Hz, H-8), 649 (1H, d,
J=15.8 Hz, H-7), 6.72 (1H, d, /8.1 Hz, H-5), 6.83 (1H,
dd, /8.1, 1.6 Hz, H-6), 698 (IH, d, J=1.6 Hz, H-2);
BC-NMR (150 MHz, CD,0D) &: 55.0 (OCH,), 62.6 (C-
9), 109.1 (C-2), 114.8 (C-5), 119.6 (C-6), 125.6 (C-8),
129.2 (C-1), 130.7 (C-7), 146.1 (C-4), 147.7 (C-3); ESI-
MS (negative mode), m/z 179 [M-H]'.

5IEH2 2 - White needles; 'H-NMR (600 MHz, CD,0D)
5: 3.87 (3H, s, 7-OCH,), 3.92 (3H, s, 6-OCH,), 6.26 (IH,
d, J=9.4 Hz, H-3), 698 (IH, s, H-8), 7.13 (IH, s, H-5),
788 (I1H, d, /=94 Hz, H-4); "C-NMR (150 MHz,
CD,0D) & 569 (OCH; x 2), 101.0 (C-8), 110.0 (C-3),
113.1 (C-10), 113.6 (C-5), 145.9 (C-4), 1482 (C-6), 151.3
(C-9), 154.8 (C-7), 163.8 (C-2); ESI-MS (negative mode),
m/z 205 [M-H]".

BIEH2 3 - Brown powder; 'H-NMR (600 MHz, CD,0OD)
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8: 238 (IH, m, H-8), 247(1H, dd, J=13.1, 11.5 Hz, H,-
7), 2.72(1H, m, H-8'), 291 (1H, dd, J~13.1, 48 Hz, H,-
7), 3.62 (1H, dd, J=10.8, 6.3 Hz, H;-9"), 3.71 (1H, dd,
J=84, 5.8 Hz, H;-9), 3.80 (4H, H,-9', overlapped, -OCHy,),
3.82 (3H, s, -OCH,), 3.97 (IH, dd, /=82, 6.7 Hz, H,-9),
474 (IH, d, 7.0 Hz, H-7), 6.63 (1H, dd, J=82, 1.7
Hz, H-6), 6.71 (1H, d, J=8.0 Hz, H-5), 6.76 (2H, br. s,
H-5, H-6), 6.78 (1H, d, J=1.4 Hz, H-2), 6.90 (1H, br. s,
H-2'); “C-NMR (150 MHz, CD;0D) &: 32.3 (C-7), 42.5
(C-8), 52.7 (C-8), 55.0 (OCH, x 2), 59.1 (C-9"), 72.1 (C-
9), 827 (C-7), 109.3 (C-2), 112.0 (C-2), 1146 (C-5),
114.8 (C-5), 1184 (C-6), 120.8 (C-6), 132.2 (C-1), 134.4
(C-1"), 1444 (C4), 1456 (C4), 147.6 (C-3, C-3"); ESI-
MS (negative mode), m/z 359 [M-H]".

SlEM2 4 — White powder (MeOH); 'H-NMR (600 MHz,
CDCl,) &: 0.68 (3H, s, 18-CH,), 0.81 (3H, d, J=6.8 Hz,
26- or 27-CH,), 0.84 (3H, d, J=6.7 Hz, 26- or 27-CH,),
092 (3H, d, J=6.5 Hz, 21-CH,), 1.01 (3H, s, 19-CH,),
3.52 (1H, m, H-3), 5.02 (ca 0.3 H, m, H-22, or H-23),
5.15 (ca 0.3 H, m, H-22, or H-23), 5.35 (1H, br. d, J=2.9
Hz, H-6); GC-MS, m/z peak a (retention time:33.56) 400
[M], peak b (retention time:33.93) 412 M, peak c
(retention time:34.70) 414 [M]".

8|82 5 — White powder (MeOH); '"H-NMR (600 MHz,
pyridine-d;) &: 0.63(3H, s, 18-CH,), 0.83 (3H, d, J=6.9
Hz, 26-CH;), 0.85 (3H, d, J=6.7 Hz, 27-CH,), 0.87 (3H,
t, J=6.7 Hz, 29-CH,), 091 (3H, s, 19-CH,), 0.96 (3H, d,
J=6.5 Hz, 21-CH,), 244 (IH, br. t, /=112 Hz, H-4,),
270 (1H, dd, J=13.2, 2.4 Hz, H-4,), 3.92 (IH, m, H-5),
395 (IH, m, H-3), 402 (IH, t, J=8.0 Hz, H-2), 424
(1H, t, =89 Hz, H-3'), 427 (1H, t, /~8.8 Hz, H-4"), 4.38
(1H, dd, J~11.8, 5.3 Hz, H-6'), 4.53 (1H, dd, J~11.8, 2.0
Hz, H-6\), 5.02 (1H, d, J=7.8 Hz, H-1), 5.32 (IH, br. d,
J=2.5 Hz, H-6); "C-NMR (150 MHz, pyridine-d;) 5: 11.8
(C-18), 11.9 (C-29), 18.8 (C-27), 19.00 (C-21), 19.2 (C-
19), 19.8 (C-26), 21.1 (C-11), 232 (C-28), 24.3 (C-15),
26.2 (C-23), 28.3 (C-16), 29.3 (C-25), 30.0 (C-2), 319
(C-8), 32.0 (C-7), 340 (C-22), 362 (C-20), 36.7 (C-10),
373 (C-1), 39.1 (C-12), 39.7 (C-4), 42.3 (C-13), 45.8 (C-
24), 50.1 (C-9), 56.0 (C-17), 56.6 (C-14), 62.6 (C-6),
71.5 (C-4'), 75.1 (C-2'), 77.9 (C-3'), 783 (C-3), 78.4 (C-
5'), 1024 (C-1, 121.7 (C-6), 140.7 (C-5); ESI-MS (positive
mode), m/z 599 [M + NaJ'.
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§ 6.72°14 J=8.1 HzZ Y E}}+= doublet 2 § 6.839 A
J=8.17} 1.6 HzZ YEh+= double doublet®e Z5H 1, 3, 4
Hol| X]817|7F EAlsh= Wizl Sho] EATES & AR
™, § 649914 J=15.8 HzZ YEII= doublet}, § 6.189]
Al YER= J~15.89F 6.0 HzS] double triplet 2 & 4.189]]
A UeR= J=6.0 1.0 Hz2] A28 ©] S91E-2 trans-
olefinic proton®] EA)3R= phenylpropanoidAlE 2] 3}3HE<)
< & AAeH, § 3.840014 YER= singletO ZFE] gt
7R methoxyl”] 7} EA18S & + ATk "C-NMR
spectrum®]] Sl = 91o] AMNE SR = ULt o
o] A= £33} nlwste] 3HE 1 coniferyl alcohol
2 ST
3}3HE 2= 'H-NMR spectrum®] & 626} 7.889) 4]
J=9.4Hz®| doubleto] Z-zF WERIL, § 6.983%F 7.1391 4]
singlete] ZH7F Ueh= A& gR1E 4= AT ©] signal
£ I X9} coupling constant® £ W coumarin®] 61
I 7TH SR X 27|7F EAlshs SEEUS o 7 U
t}. 6 3.877 3.920014 ZFZ+e] methoxylZ]¢ll 7118K= signal
o] Yehte= A0 ERH o] shgt=ol x|ghe XA = F
7H€] methoxyl”10S & = STt LC-ESI MS spectrum
o] m/z 205914 [M-H]'] peak’} UER == 9] Alals
gelg = gt} o] ARS #3173 viwsle] sgtE
+= esculetin-6, 7-dimethyl ether =, scoparone®-Z 5743}
ATt
3132 39] 'H-NMR spectrum B9 § 6.63904 et
£ J=8.05} 1.7Hz2] double doublet, H-6", & 6.7°14] L}E}
U= J=8.0 Hz®] doublet 723 § 6.90°14 YFER-R= broad
singlet 2 § 6.78914 U= J=1.7 Hz2| doublet, 6.76°]
A YERR= 2 H £9] broad singlet® 24-E] o] 3}gtEdl=
1,2, 4-trisubstituted benzene ring®] F 7|7} EAsh= HS &
ol 4= 91oH, PC-NMR spectrum®] § 55.00014] F 71
©] methoxyl signalo] Wehh= A& AlQlstar 1871 Bha
signalsS ERIT T UACERE o] =S lignans| E 2]
3ER FHY 4 JArh E3H 'H-NMR spectrum ]
83.6291 41 YE}= ~10.83) 6.3 Hz2] double doublet 2
53.80°1 overlap=©] YEFLFE 99 proton signalE
HMBC spectrum 431 correlations gls Az} 74
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Fig. 1. Structures of isolated compounds from the
underground parts of C. heracleifolia.

= ko] +11.5°= YERY positive?] 7
T waste] o] RtEe (+)-
larlcnesmoli %76 0}99\‘:1'.

313 4= 'H-NMR spectrum®l|A] phytosterol®] &3+
2 FAHEo GC-MSE H4& 3 A3} PB-sitosterol,
stigmasterol campesterol®] Z}Z} 52.5, 32.7 2 14.8% T
Ho] 9= FIEQL o £ AT 35) 3 E 5= wnE
T.‘}fﬁ%blr H]Jj_o}&] daucosterol= 575} T}

ol& 5 &2 3FEEF o] phenylpropanoids, lignins,
coumarins -9 AIEE] SIRHEE2 Clematis?s =4 ¢4
A o 2 W s = AESol7]E SR o] AEoxe A
oz BEolE Ao, o]F oA X coniferyl alcohol(1),
scoparone(2) & (+)-lariciresinol(3)y> Clematis < 2] &4
© Ao E FelEe sgEelTh

ool A el o] H-e]8t 513HE 5 phytosterole] E3HE

< AL 459 RFES o= acetylcholinesterase =
Xﬂ%‘”‘é% Z793}] Table Iol VERASITE A& SitE &
coniferyl alcohol(1)2} daucostrol(5) o] &JA] 48 e}
WAom™ IC,, w2 ZH7}F 288.8%F 6.1 uMe] AT} ©] &
coniferyl alcohol(l)—: 7 5ol FZ 2 A ZE=(Bursa-
phelenchus xylophilus) -2 FE A& acetylcholiestreasel|
tiate] JAEES el 2 AFolA et AR A9
Ade Ao 7 wFadrt’” Daucosterololl ek SHATE
A ETH 2 59| Trachelospermum jasmoides®] ¥A5 &
A Edz 2y 2us9om® Bouic 5< human
peripheral blood lymphocyte2] proliferations A}=3}= A
o7 RIS o] 5 259 APl FAE
migration A ZAS Bk Ju 5 e 29
S A A AFAHE %35}9?‘:]'.41) ol 7
©] daucosterol®] &2 FAFolL} Fdedof At A+
7t FE o] FIAL USE & T AUtk Acetylcholinesterase®]

Table 1. Acetylcholinesterase inhibitory activity of compounds
1, 2, 3, and 5 of the underground parts of C. heracleifolia

Tested compounds ICSOU (ng/ml) IC;, (M)
1 519 288.8
2 >100 2
3 >100 -
5 3.5 6.1
Berberine ** ¥ 1.5 4.5

UThe inhibitory activity dose that reduced 50% of
aceylcholineseterase activity and expressed as mean of two
different experiments.

)2 means that did not show inhibitory activity.

)A positive control
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