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Alkaloid Constituents of Aconitum triphyllum NAKAI
and their Seasonal Variation

Jin Woo Lee, Jong Hee Park’, Hyekyung Kim, and Chung Kyu Lee*
College of Pharmacy, Kyungsung University, Busan 608-736 and
!College of Pharmacy, Pusan National University, Busan 609-735, Korea

Abstract — Aconitum triphyllum Nakai, the Korean spontaneous perennial herb, is one of the most important materials of ori-
ental drug Fu-zi(aconite) and has long been used as cardiotonic for arrhythmia, analgesic and antiinflammatory drug in oriental
countries. Although the plant is widely used for the preparation of aconite, the composition and amount of the toxic aconitine
type alkaloids have not studied so far. As the preliminary study for seasonal variation of major constituents in mother tuber and
daughter tuber of the plant, the authors tried to elucidate phytochemical characteristics of C,4-diterpenoid alkaloids by PC-NMR
spectra and seasonal variation of the alkaloidal contents by high performance liquid chromatography.
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Ha& @S Genus Aconitum) ~.%9‘ vutz]obAu] 3t
(Ranunculaceae)ll &3l thaAl 202 FelhiM
83 A E AL Y= AR -rz}(lgﬁ?), ZQHE),
ZMAEHE) 59 7194E2A vt 2R ZHABsh=
A2 ¥Y (A, chiisanensis Nakai), =R 7F2E(A. ciliare
DC), F7Z(A. jaluense Kom.,) B MAERV(A. triphyllum
Nakai) So| glom " NAZOZ Aconitums: 2E2] 2
I ZHo #HE A7 sk AdqFH BL C)
(norditerpene) alkaloidF7} £ « =Tt 22} =
2t Aconitum@s 21E9] AR Uigh AT A3 AAGez
ARIHR] Bl e AAolct. Fuol AYRE Aconium
& 2BEe) 4RO\ R B A7RE= F F9 A
koreanum, A. chiisanensis, A. ciliare, A. pseudofroliferum
2 USR] Aconitum® 21E9] 9714 23 ZA olof, 4
B0 WwBELI A sibiricum®)] tuguaconitine, 1E5E

71 A. uchivamai®] mesaconitine, 218 A. pseudolaeve var.
erectum®] lycoctonine, septentriodine ¥ avadharidiene 5]
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L7pA] ARk oFstth el F&opzglol A Aufjste] A
55 A% h

Ak & 217] - w22 2 ER1E SF amrkEs)
¥ 8% aluminium oxide 60 GF,s, (neutral type E, Art
1092, Merck), gek> Silica gel 60 PF,, containing gypsum
(Art 7749, Merck), S &4 calcium hemihydrate(J. T.
Baker 1463) 52 A3t Thin layer chromatography
& plate 2= precoated silica gel 60 F,, plate(thickness:
0.25 mm, Art. 5715, E. Merck)<, preparative chromato-
graphy-8- plate 2+ precoated silica gel 60 F,., plate
(thickness: 1 mm, Art. 13895, E. Merck)& AH&3{tt.
Vaccum liquid chromatography®l| = Ace Glassoll 41 | 2}t
column(ASTM, 10~20 wy& AME-31.0H, silica gel- silica
gel 60 Fpsy(230~400 mesh, ASTM, Art. 9385)5 AH&-3th.
12 UV lamp, Dragendortf A|¢F % anisaldehyde-H,SO,
AloFS Atggl o A7) &l 2E TAMA £ (toluene-
acetone-methanol-2F 2. U o} = 49.5— 41.5-5-4, A7 )9}
hexane-chloroform-methanol 3-8 (5-3-2)8 AT}, &
e AEAEE F2T g 192 ARSI 718 A%k
< B AokS AREFTh

NMR 2=HEZL Bruker AMX400(400 MHz)2-2 7| &
31$3.2.1, High performance centrilfugal partition chro-
matography 7] 7] 2+ Harrison Research®] Chromatotron
(model HR5012)S AH&-3153 T,

ATZO|E BEQ M= - ¢ARo=E B2 2 THE
HEAT F, AR 2YE AN E AR12kp)E
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WHstd(53) WEE FFEES 43 AEEs
HeAZl oL, 29 kgl =
o 108) ¥E3) alkaloid Fr. I 99t} @& 575 5
EREFO R pH 79 TACE 91E § S22 IFOR
1235107 alkaloid Fr. IIF AoH, tA] BRREF ¥
ZrshtEF-Ee) o2 77 pH 99} pH 142 L2e]sh3
ZRIZFF0 7 B33lo] alkaloid Fr. 117} alkaloid Fr. IV
A}t Fr. 9F Fr. M Aol TLC Higio] v}
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AGE ARe] gguns AESH] $3 FYAEo=
32 Scheme 13 7272 WHo R 2AFAS. & 34, 6
4, 99 ¢ 1299 15l AFAst sk A=A
WS Esle] B 508 70% WEH(S0ml, 12417}, 5
3hE &R thE 40°C ©l3llA 743 55sled methanol

extract® BT} FolA methanol extractMeOH ex. )= A
FulAlS AEste] @xg &, 3%-3E o0 mhel &

Eretal FRIEEG0mI, 53)0.8 Fejsle] SRREFT
82 ASit) dojxl FRRIFEE2 ARSI T3k,
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Aconitum triphyllum root
(dried powder, 5 g)
I
| -percolated with 500 ml of methanol, 5 times
| -concentrated under vacuum
|
MeOH ext.
|
| -dissolved in 20 ml of 3% ammonia water
| -partitioned with 30 mi of CHCls, 5 times

Aquous phase CHCl3 layer
i
| -concentrated under vacuum
| ‘applied to column chromat
| (Woelm, neutral, grade I, 5 g)
|

Crude atkaloid eluate
|
| rconcentrated under vacuum
| -dissolved in CHiCN-
| 0.0iM dibutylamine phosphate(7-3), 10 ml
|

Sample for HPLC

Scheme 1. Procedure for HPLC determination of alkaloids in
Aconitum triphyllum.

0

282 ¢2uu} 2 (Woelm, neutral, grade III, 5 g)°ll
Ae F LRI I 250 m)OE kel v At sl
Z5lo] dLFEO|E 2FEES I olHl g FFEAHE
2% HPLC A &% AR89 th(Waters HPLC 600 system,
Radial-PAK CN 8 mm x 10 cm, CH,CN-0.01 M dibutyla-
mine phosphate(=7 — 3), 2.5 mi/min, UV 254 nm, %
0.02 Aufs).

MEo| B2| U Tx&Ol - dojzl 25 Zhztol sy
Dragendorff A1fol] <34 WHe-g Jehll= E42E Eefsi7]
23] vaccum liquid chromatography (VLC, silica gel 60,
230~400 mesh, E. Merck; -&1l: hexane-dichlormethane-
methanol=10-1-0—1-10-0.05, Z+ 50 ml) A& g+ - 20~30
cluateE AJt} 7} eluatets TLCE 472 +4 9
< golgt & 7ke wElS Hole Az A 7-1074¢)
subfraction&. 2 3}3. 7+ subfraction< TFA| high perfor-

off off off

mance centrifugal partition chromatography(Chromatotron,
elution solvent: hexane-dichloromethane=20-1—1-1) &=+
preparative TLCE WHE3lo] Tl 245 Felsigid).
B3t | - W & B2 5o A2 7YY 24
(m.p. 205~207°, 102 mg). 'H-NMR(CDCl,) &: 1.38 (3H,
s, -OCOCH,), 2.34 (3H, s, -NCH;), 3.17, 3.28, 329 %
3.74 (7t} 3H, s, 4x-OCH,), 4.04 (1H, d, J=6.6 Hz, C-6-
B-H), 4.36 (1H, d, J=2.8 Hz, C-15-0-OH), 4.82 (1H, 4.
J=4.5Hz, C-14-3-H), 7.50 (3H, m, H-3', 4, 5, 8.04 2H.
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dd, J=2.1 2 82Hz, H-2, 6).

BC-NMR(CDCL,): Table 1 FZ.

SIEE Il - oA s n3de] & 2y 3o e 7Y
-2 2 mp. 195~198°, 74 mg). 'H-NMR(CDCL,) §:
1.38 (3H, s, -OCOCH,), 2.39 (3H, s, -NCH,), 3.16 (3H,
s, -OCH,), 3.28 (6H, s, 2x-OCH,), 3.74 (3H, s, -OCH,),
3.98 (1H, d, J=4.8 Hz, C-6-B-H), 4.36 (1H, d, J=2.7 Hz,
C-15-OH), 447 (1H, dd, J=2.9, 5.2 Hz, C-15-B-H), 4.89
(1H, d, J=4.8 Hz, C-14-B-H), 7.48 (2H, dd, J=1.0, 7.5 Hz,
H-3, 5, 7.54 (1H, t, J=7.7, H-4), 8.04 (2H, d, J=7.0 Hz,
H-2, 6).

PC-NMR(CDCL,): Table T ZZ.

SlElE M - 9 2 5g 5o 2o RA. ) 473
(m.p. 198~200°, 28 mg). 'H-NMR(CDCl,) §: 1.10 (3H, ¢,
J=1.0, N-CH,CH,), 1.26 (3H, s, acetate), 3.14, 3.25, 3.29
2 355 (2 3H, s, 4xOCH,), 7.99~8.07 (5H, m, COC(Hs).

PC-NMR(CDCL,): Table T Z=.

BIEHE IV - w2 5 3o zke 24y A4
(m.p. 83~85°, 32 mg). 'H-NMR (CDCl,) &: 1.11 (3H, f,
J=1.0, N-CH,-CH,), 3.27 (3H, s, OCH,), 3.32 (6H, s,
2xOCH,), 3.37 3H, s, OCH,), 4.13 (1H, t, J=4.5, C-14-
B-H).

PC-NMR(CDCL,): Table T Z=,

BIEE V- & B 5o ke Ay ) A4
(m.p. 182~183°, 14mg). 'H-NMR (CDCl,) §: 1.04 3H, 1,
J=1 Hz, NCH,CH,), 1.40 (3H, 5, OCOCH,), 3.18, 3.24,
3.30 ¥ 3.37 (Z} 3H, s, OCH,), 3.85 (3H, s, aromatic
OCH,), 4.63 (1H, d, J=6, OCH,), 4.89 (1H, dd, J=4.5 Hz,
C-14-B-H), 6.90~8.00 (5H, m, COC4H;).

BC-NMR(CDCL,): Table T 3%,

e VI - Z 2y 3o xke 243 34 A%
(m.p. 91~92°, 7 mg). 'H-NMR(CDCL,) &: 1.15 (3H, 1,
J=1, N-CH,-CH,), 1.27 (3H, s, OCOCH,), 3.26, 3.32,
338 % 343 (Z 3H, s, 4<OCH,), 3.35 (1H, 5, C-3-OH),
3.68 (1H, dd, J=7, C-3-H), 4.00 (1H, d, J=7, C-14-H).

“C-NMR(CDCL): Table I Fx.

dat o 3

EUURO|= BB - A% AR 12kgoRHE FIAA
S AA B3 FELERE S 1464 gAE ARTH
el 1.22%)°010 01, oitd EHS AfHAdoz =o A
Asta b Fo] P Rolt B9 e 924 oA E A
ZZ2% t¥] 0.77%)°]A Tk
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"H- % C-NMR AB|=20]| oI5t FX &8 - Aconitine
type®] 3FE-2 'H- 2 PC-NMR ~HEZA A
HHS Jeheg AEdo| opd 74, 3 Hid &
HEHF vlzshd Aep] AT ¢ derz’ 2w
35HE-S zk2 NMR 2 ERS #3837} vlaste] 5743t
At

S22 12| &9l - Alkaloid Fr. oA 7F %ol ¥2]€
o] 5}g=2] 'H-NMR AHEZIA §: 1.389 veld 3H
2] singlet acetyl”]9] EAIE 2|8, o|F §: 2.34 (3H,
M -NCH,, &: 3.17, 3.28, 329 & 3.74014 Z}z} vept
£ 3HY singletSS 4712] methyl”]7} SAIES &Jv] gt
T3 §: 4049 YERGE 1HY] doublet J=6.6 HzZ C-6°]
proton®] B-configuration FENZ ZA3}EE )3, §: 4.36
of Yehd 1HS doubletd J=2.8 HzZ C-15 93]l B-
configuration®] OHZ} SAI5S 2Ju]eh, §: 4.8200] et
1HY] doublete J=4.5 HzE C-14 $1X]2] proton®] HA| B-
configuration® 2 EA|3H-S <Jn|gitt. §: 7.50(GH)4] multi-
pleet §: 8.042H)2] doublet-doublet(J=2.1 ¥ 8.2 Hz)2 7}
7} aromatic proton® = C g-norditerpene alkaloidF-oll 3]
ZA131= benzoyld] 2- @ 6-HOE FAE 4 Qi) wet
A Table 1ol VFERE PC-NMR 2FE- 3} S35 o2 u)
23 o] FFE-L A kongboense VoA BT E vl e
mesaconitined) & &1 = It}

Bl3tE N0l &0l — Alkaloid Fr. 14 #ejg o] si3HE
& "H.NMROA 3HY singleto] §1.383% 2399014 veh}
22 7F7} acetyl ¥ N-methyl®] EAE AT 4 UL, §
3.16%] 3H, §3.28 Yekld 6H 2 §3.742] 3H singlet 7t
7+ 170, 20 2 17019 aliphatic -OCH,2] &A1& ¢Jv] gt}
=3 §3.989) YERY doublet(1H, J=4.8 Hz)> C-6-B-H, &
4.369) doublet(1H, J=2.7 Hz)< C-15-OH, 6 4.47¢]
doublet-doublet(1H, J=2.9 ¥ 5.2 Hz} C-15-8-H, 54.89¢]
doublet(1H, J=4.8 Hz)& C-14-B-H, 7.489] doublet-
doublet(2H, J=7.0 ¥ 75Hz)< 3' 2 5'9] aromatic -H), &
7.549) triplet(1H, J=7.7)2 4'¢| aromatic -H, 8 8.049]
doublet(?H, J=7.0Hz)2 2' & 6'9] aromatic -He] EAE
Z}z} omEitt. o)ite] B4 Table o] et “C-NMR
< B3l o] BBEL Aconitum:e] g 2B A
2% hypaconitine® 2 F4 3.

SlgHE mel 22| ¥ &l — o] sIHE-2 Alkaloid Fr. I
oA Belg o] RHES w|FAg W WAl 2y o A
elo]™ Dragendorf A|2Fl 2J3)] K18k Q@A A4S VERARIT.

'H-NMR ZHEZoME §1.10014 ollgoll(N-CH,CH,)
o] gt ghane] Y)X)3 3HS peak”} triplet(J=7.0 Hz) > &
e, §1.26904] acetate®] 747t A 3HY] singlet®.
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Table 1. "C-NMR spectral data of isolated alkaloids from Aconitum triphyllum

Carbon No. Comp. I Comp. I Comp. I Comp. IV Comp. V Comp. VI
C-1 83.2 85.0 822 85.8 335 34.8
C-2 35.0 26.4 35.1 25.7 33.5 35.6
C-3 68.6 349 AN 348 717 71.8
C-4 43.6 39.2 43.1 39.2(C-15) 431 435
C-5 45.6 482 470 48.4 47.4 493
C-6 82.1 83.2 83.4 82.2 82.3 82.5
C-7 44.6 44.5 4477 53.8(C-19) 447 52.3
C-8 91.5 91.7 92.1 72.5 85.6 72.9
Cc9 44.0 4338 442 50.1(C-11) 439 50.0(C-11)
C-10 40.7 41.0 40.9 38.8 43.1 41.7
C-11 49.6 49.8 50.3 50.1(C-9) 50.2 50.0(C-9)
C-12 35.0 36.3 35.9 28.3 29.7 33.1
C-13 74.4 74.1 74.9 454 38.6 77.0
C-14 78.6 78.8 78.8 75.4 77.0 79.4
C-15 79.1 789 73.8 39.2(C-4) 39.6 40.3
C-16 90.4 90.1 90.1 81.9 83.1 84.0
C-17 61.8 62.2 60.9 62.5 61.7 62.7
C-18 73.2 80.1 76.5 80.5 76.5 71.5
C-19 49.0 56.1 47.5 53.8(C-7) 48.6 49.3
1-OCH, 55.8 56.5 55.7 56.1(C-16") 55.9 56.4
6-OCH, 58.2 57.9 58.0 57.2 58.8 57.5
16-OCH, 61.4 60.9 61.0 56.1(C-1") 55.4 57.9
18-OCH, 58.8 59.2 59.1 59.1 59.2 59.2
-CO-CH, 171.7 172.3 172.7 169.9

-CO-CH, 21.4 214 21.3 21.7

N-CH, 424 42.6

N-CH,CH, 48.8 49.2 474 479
N-CH,CH, 13.3 13.5 13.3 13.2
CO-C.H, 165.8 166.0 165.9 167.2

C-1 129.6 129.5 130.0 122.8

c2, 6 129.2 129.6 129.7 131.7

C-3, 5 129.0 128.5 128.5 113.8

c4 133.6 133.0 163.4

4'-OCH, 57.8

= Yehdth T3 §3.14, 3.25, 329 2 3550k = 2k 3H
2] singletE5°] methoxyl®] A& 2u|slal §7.99~8.07 A}
o]oll&= aromatic proton®} WEFHTE

BC-NMR 2HEHS A, v 702 methoxyl?17} 2
7} §61.0(C-16), 58.0(C-6), 59.1(C-18) & 55.7(C-1plA] 1}
ER, § 1722014 YERb= peaks acetyl”]9] -COCHPH
7113k}, B3 §48.8(-NCH,CH,) ¥ 13.3(-NCH,CH,)ellA
N-ethyld] T 549 EAE BT §° o8 2 Aconitum
2= 25| EA)5He AP C g-norditerpene alkaloid &
& 4 Aok B3 §165.9¢ VERS F=518H peake aromatic
CO-, & benzoyl71¢} EA)7} sty o3}t 57434
Table 1] "C-NMR ¥ E S 524
B398 aconitine E E4 313

Al

led Aconitumss 2

SHErE Ve &9l — Alkaloid Fr. IellA] 22l¥ o] 33t
E2 TLC AlA e I Bt} spotd] 7= Zow
29 4= Dragendorf A 9Fl] A (LA ) S
ERdT},

Proton NMR Z~HEZS 89 §1.1194 ojgelTlr]e]
2t ghhof] B2 TREN-CH,-CH,)ol /=72] wriplet peak
2 Jeptar, §3.27904 OCH,2| peak”} singlet® 2 L}EL
U, §3.32¢14 2712] CH,7} singlet> 2, §3.37°141 174
°] & CHy} singlet®® WERITE %3k § 413004 J=4.5
<] triplet peaks C(14)-o-HO| EA|E vfepdTh

BCNMR 29 EZ S AR, -4 §90 ©]F2) low
fieldoll = peak’} R1E .02 2o} carbonyts 7H benzoyl
7] 5o ¢18-5 & 4 Sdek ul JHe] methoxylZ17F A7} 8

O AT =

h=]
b

5!

Bt
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85.8(C-1), 82.2(C-6), 81.9(C-16) 2 80.5(C-18)IA] Lyeh}
™, 3 §49.2(-NCH,CH,;) ¥ 13.5(-NCH,CH;)°ll 4] N-
ethyld] 7 §&20] EAE IR F USBE Aconitum
A&} EAlsle AHAR] C ynorditerpene alkaloido]H, B
g §75.4 2 72.59] YERY peak= C-14 2 C-8 ®HA7}
-OHE 73 U2S or|ditt. o)d+} 7+ NMR &HE
e B4t o] BAL A forestii 5"Vl A E2lH
chasmanine® 2 53 3} T},

SlgHE Vol &l - Alkaloid Fr. oA 315E I =}
A 52 o] 3= FRZEE A EFE oA 9
ARELZ A% 2™ Dragendorf A2kl (AR AE 1}
2=

Proton NMROl| ©]3t% §4.63 2 4.89914 bzt j=6 2
4.5 Hz2] doublet ¥ doublet-doublet®Z JERF peak= C-
6 ¥ C-149] 447} B-configuration® 2 EAE-S- 2Jujsl
71 9] aromatic proton, methoxyl® 2|2} acetyl 2
methoxyloll 4] 7|18 proton2] EAIE 1T 5= o)

= PC.NMR ZgEJo] vl vlo] o3t § 1138~
163.49] peakE2] EA)71 Sol3lt}. ©]&2 proton NMR 2=
HEY] A9 E] Cy-norditerpene alkaloid ol A]
benzoyl”]¢] £} &7 §57.891419] metoxyl7]] Fx)7}
A 223 ©] A& p-methoxy benzoyl(p-anisylyS &3t
o} wEhA o] ¥ $]e] Y A] peakE-> aromatic carbonol]
aFdtet. 2 9] §169.9914 acetyl”]®] -COE ER1E 4
A §47.4 2 13.3904E N-CH,CH,2| F &4} yeht
ATt o) e EAES T BEH o] SI|HES F
A% Bg vkl B3] vilmorrianine AR 45153}

stetE VIl &2l — Alkaloid Fr. I ¥ T &% /8

Compound I:R;, CH;; R,,OH; R,, acetyl; R,, -OH; R, benzoyl; R,, -OH
Compound H:R,, CH;; R,-H; R, -OH; R,, -OH; R,, -OH; Ry, -OH
Compound I : R,,C,H; R,, -OH; R,, acetyl; R,, -OH; R, benzoyl; R, -OH
Compound IV:R,, CHg; R, -H; R,, -OH; R,, -OH; R, -OH; Ry, -H
Compound V: R, C,Hy; R,, -OH; R, acetyl; R,, -H; Ry, p-anisyl; R, -H
Compound VI:R,, CHy; R,, -OH; R;, -OH; R,, -H; R,, -OH; R, -H

Fig. 1. Structure  of compounds I~VI isolated Aconitum
tryphyllum.
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o] slgtE-L dattlgrzrg EF SulolA WA A4
AR o2 Ao Dragendorf A12Fol] Y4 G )olct.

Proton NMR &F EZ oM §1.15914 N-ethyl®] 2
Ee] B8 TRE(N-CH,-CH,)°] J=79] triplet peak® 1t
ERAL, §1.279014 acetyl (OCOCH,)9] proton®] singlet®-
2, 5326, 3.32, 3.38 & 343904 C-1, C-6, C-18 2 C-16
©] OCH, peak’} 247t singlet®.= Ve, §3.70~3.799]
J=7¢] doublet-doublet} §4.002] J=72] doublet> Z}7} C-
32 C-14¢] OH7} B-configuration® 2 S| &S VERAT

BCNMR 2HEHS 2, $-4 §85 52 low fieldl
olEE peak’} lE ZSE2 Hol benzoylolt acetyl 52
carbonyl”| & 7HH 25L& EAEHA] o2 & T Ik b
794, 729 2 717914 Z¥7Zt -OHE 7 C-14, C8 & C-
39] &4E QT = 93 §564, 575, 579 B 59.200=
24z} C-1, C-6, C-16 & C-18 YX| o4 methoxyl”|9] EA]
7F ER1=™ §47.9 & 132914 N-CH,CH,8| F+ ¥58 &
Qg 4= it} oPds} e EAHES FTHEl o] B2 A
ferox 57?704 E2]¥ pseudaconine 7 AT,

F2 gB0|=o AEY & Wil - 2o A=2s
e B2 AA 9] FUARol= S oF 0.77%2] L
ARol=g FFtL o), F8 YFEO=SE BRI 2
2o uzuz ARdE vws] Y UiAE.C2 mesaconi-
tine > hypaconitine > aconitine <=°|1CHFig. 2). °|1R& T
A, B9 HE By 22 23e)0 M B ¢EE
o= 2 &3 Wkl AL(129)0) HAHE Ve, =}
22X E B9l HA2AE BAT7E ARSI 7h9d)
ol HhAE BAT) o] F Agel A o Fof & AL
ol Awalr] oJHARL Aoz o FAX P Yepd

(=]
E-3
1

8 Mesaconitine(MT)
Hypaconitine(MT)
Aconitine(MT)
Mesaconitine(DT)
B Hypaconitine(DT)
O Aconitine(DT)

(=
w
T

Content(% of dried material)
o (=)
- I

Fi

March

Jun Sptem er
Season of collection

Fig. 2. Seasonal variation of contents of three major alkaloids
in mother and daughter tubers of Aconitum triphyllum.
*Values are meantS.D. of five measurements and *significantly
different from initial group(March) as P < 0.05. Part measured,
Pmother tuber and “daughter tuber.
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ulel o] Al B2 055 AN A 1 ARS AR
2L YEUE gd4ge] o] Belrk §HH o= ol g
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