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Abstract: Aconiti Lateralis Radix Praeparata (Fuzi in Chinese) is a commonly used Chinese materia medica in clinic, with the effects
in rescuing from collapse by restoring yang, eliminating cold to stop pain, warming yang and transforming gi. C19 diterpenoid alkaloids
from Fuzi can be divided into three types: diester type, monoester type and amine alcohol type, which can lead to neurotoxicity and
cardiotoxicity while exerting anti-inflammatory, analgesic, anti-tumor and other pharmacodynamic effects. In this paper, the chemical
structure, pharmacology and toxicological effects of Ci9 diterpene alkaloids of Fuzi were systematically combed, in order to provide a
theoretical basis for safer and more effective use of Fuzi in clinic.
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Fig. 1 Structures of Ci9 diterpene alkaloids from A. carmichaelii
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Table 1 Names and substituents of Ci9 diterpene alkaloids from A. carmichaelii

K G5 EMATE Ri RR Rs Re Rs R¢ Ri Rs Rg Rup 5%

Sk
fele® 1 2L (karacoline) OH CGHs H H H OH OH H H OMe 6
fBER 2 FRAiSE A (senbusine A) OH CHs H OMe OH OH OH H H OMe 6
iR 3 #ME B (senbusine B) OH CHs H OMe H OH OH H OH OMe 6
iR 4 FRAE C (senbusine C) OH CHs H OMe OMe OH OH H OH OMe 6
s 5 JBRRA (neoline) OH CHs H OMe OMe OH OH H H OMe 6
fEER 6 TR (fuziline) OH CHs H OMe OMe OH OH H OH OMe 6
A 7 BRSkiE (talatizamine) OMe CcHs H OMe H OH OH H H OMe 6
A 8 LT (chasmanine) OMe C;Hs H OMe OMe OH OH H H OMe 6
fEmER 9 karakanine OMe C;cHs H H H OH OH H H OMe 9
fEBER 10 N-2: 23553k (N-deethylaconine) OMe H OH OMe OMe OH OH OH OH OMe 10
R 11 RE3KJEHL (hypaconine) OMe CHs H OMe OMe OH OH OH OH OMe 10
fEmEA 12 H%3kJE (mesaconine) OMe CH; OH OMe OMe OH OH OH OH OMe 10
fereR 13 MKRSkFE (foresticine) OMe C;cHs H OMe OH OH OH H H OMe 10
fEEA 14 REHE (sotalatizidine) OH CHs H OMe H OH OH H H OMe 10
R 15 B SRR (deoxyaconine) OMe C:Hs H OMe OMe OH OH OH OH OMe 10
JZEER 16 (-)-(A-b)-140-benzoyloxy-N-ethyl-6a,8B,150-trihydroxy- OMe C:Hs H H OMe OH OH H OBz OH 10

lo, 16p,18-trimethoxyaconitane

feBER 17 8-HAZEH ST (8-methoxymesaconine) OMe CH; OH OMe OMe OMe OH OH OH OMe 7
fmERl 18 8-HEHIK ST (8-methoxyhypaconine) OMe CH; H OMe OMe OMe OH OH OH OMe 7
FFER 19 N-ethylhokbusine B OH GGHs H H H H OH H OAc H 10

HEER 20 (-)-(A-b)-14a-benzoyloxy-N-ethyl-1a,8B,150-trihydroxy- OH CHs H H OMe H OH H OBz OH 11
16p,18-dimethoxyaconitane

FEER 21 (-)-(A-b)-14a-benzoyloxy-N-ethyl-1a,8p,150-trihydroxy- OH CHs H H OMe OMe OH H OBz OH I
60,16p,18-trimethoxyaconitane

R 22 (-)-(A-b)-14a-cinnamoyloxy-N-ethyl-10,8p,15a-trihydroxy- OH CoHs H H OMe OMe OH H OCn OH 11
60,16p,18-trimethoxyaconitane

FERL 23 14-acetyltalatizamine OMe C:Hs H H OMe H OH H OAc H 12

BEER 24 (-)-(A-b)-14a-benzoyloxy-N-ethyl-8B,15a-dihydroxy-la, 168, OMe C:Hs H H OMe H OH H OBz OH I
18-trimethoxyaconitane

BEER 25 (-)-(A-b)-14a-benzoyloxy-N-ethyl-60,150-dihydroxy-la,86, OMe C:Hs H H  OMe OH OMe H OBz OH I

16p,18-tetramethoxyaeonitane

BEER 26 (-)-(A-b)-14a-benzoyloxy-8p-ethoxy-N-ethyl-60,150- OMe CcHs H H OMe OH OEt H OBz OH Il
dihydroxy-la,16p,18-trimethoxyaconitane
R 27 AHERH S kR (benzoylmesaconine) OMe CcHs H H  OMe OMe OH H OBz OH 13
FFER 28 monoacetyltalizamine OMe C:Hs H H OMe H OH H OAc H 6
PR 29 JREEBEYKET (benzoylaconine) OMe CcHs H H OMe H OH H OBz OH 13
WEER 30 RHIEEIRD KJE (benzoylhypaconine) OMe G:Hs H H  OMe OMe OH H OBz OH 13
HEER 31 14-0-F: KB R BT (14-O-cinnamoylneoline) OH CHs H H OMe OMe OH H OCn H 6
FEA 32 14-O-anisoylneoline OH CHs H H OMe OMe OH H OAs H 6
FEER 33 14-O-veratroylneoline OH CHs H H OMe OMe OH H OVr H 6
BEER 34 14-0-ZBHS T (14-O-acetyneoline) OH CHs H H OMe OMe OH H OAc H 6
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HEER 35 (-)-(A-b)-14a-benzoyloxy-N-ethyl-88,13,150-trihydroxy- OMe C:Hs H  OMe H OH OBz OH OH OMe 11
la,16,18-trimethoxyaconitane

HEER 36 (-)-(A-b)-14a-benzoyloxy-N-ethyl-8B,13p-dihydroxy-la, OMe C:Hs H OMe OMe OH OBz OH H OMe 11
6a,16,18-tetramethoxyaconitane

HEER 37 (-)-(A-b)-140-benzoyloxy-N-ethyl-30,8p,13p,150- OMe C:Hs OH OMe OMe OH OBz OH OH OMe I
tetrahydroxy-lo,6a,16p,18-tetramethoxyaconitane

FEER 38 (-)-(A-c)-l14a-benzoyloxy-3a,10B,13B,150-tetrahydroxy-  OMe H H H H OH OAc OH OH OMe 11
lo,60.,8p,16p,18-pentamethoxy-N-methylaconitane

HEEA 39 condelphine OH CHs H OCHs H OH ©OAc H H OCH: 12

HfiER 40 14-acetylkarakoline OH CHs H H H OH OAcH H OCH: 12

R 41 BT kT (neojiangyouaconitine ) OMe C:Hs H  OMe OMe OMe OBz OH OH OMe 13

WEEAL 42 (-)-(A-b)-14a-benzoyloxy-N-ethyl-13B,150-dihydroxy- OMe C:Hs H OMe OMe OMe OBz OH OH OMe 11
lo,60,80,16,18-tetramethoxyaeonitane

MR 43 hukbusine A OMe CH; OH OMe OMe OMe OBz OH OH OMe 6

AR 44 HGHE (crassicauline A) OMe CoHs H  OMe OMe OAc H OAs OH H 6

WEEAL 45 A Z3kIH (deoxyaconitine) OMe C:Hs H OMe OMe OAc H OBz OH OH 6

R 46 BkER (aconitine) OMe C:Hs OH OMe OMe OAc H OBz OH OH 6

WAL 47 (-)-(A-b)-8P-acetoxy-14a-benzoyloxy-N-ethyl-13p,150- OMe C:Hs H ~ OMe OMe OAc H OBz OH OH 11
dihydroxy-la,60,16,18-tetramethoxyaconitane

WEET 48 (-)-(A-b)-8P-acetoxy-14a-benzoyloxy-N-ethyl-30,10p,13, OMe CHs OH OMe OMe OAc OH OBz OH OH 11
15a-tetrahydroxy-la,60,16,18-tetramethoxyaconitane

WEE 49 (-)-(A-b)-8B-acetoxy-14a-benzoyloxy-N-ethyl-3a,10, OMe CHs OH OMe OMe OAc OH OBz OH OH 11
13p-trihydroxy-la,60,16p,18-tetramethoxyaconitane

WAL 50 (-)-(A-b)-8P-acetoxy-14a-benzoyloxy-N-ethyl-13p,150,  OMe CHs CHO OMe OMe OAc H OBz OH OH 11
dihydroxy-la,60,16,18-tetramethoxy-19-oxo-aconitane

WEEAL 51 (-)-(A-b)-8B-acetoxy-14a-benzoyloxy-N-ethyl-15a- OMe C;cHs H  OMe OMe OAc H OBz H OH 11
hydroxy-la,60,16p,18-tetramethoxyaconitane

WEER 52 aldohypaconitine OMe CHO H OMe OMe OAc OBz OH OH 11

R 53 R3KE C(hypaconitine) OMe CH3 OMe OMe OAc OBz OH OH 6

R 54 (-)-(A-b)-8B-acetoxy-14a-benzoyloxy-10B,13B,150-trihydroxy- OMe CH3 H OMe OMe OAc OH OBz OH OH 11
lo,60,16p,18-tetramethoxy-N-methylaconitane

WEH 55 B3k (mesaconitine) OMe CH; OH OMe OMe OAc H OBz OH OH 6

MWEER 56 (-)-(A-b)-8B,14a-dibenzoyloxy-N-ethyl-30,13p,150- OMe CH; OH OMe OMe OBz OBz OH OH 11
trihydroxy-la,60,16p,18-tetramethoxyaconitane

MR 57 JEREH (beiwutine) OMe CH; OH OMe OMe OAc OH OBz OH OH 10

M 58 FIERE (isodelphinine) OMe CHs H OMe OMe OAc H OBz H OH 6

MR 59 fE53kHE (lipoaconitine) OMe CHs OH OMe OMe O-lipp H OBz OH OH 6

WEEH 60 FEHTSk (lipomesaconitine) OMe CHs H OMe OMe O-lipp H OBz OH OH 6

WEH 61 FERSKE (lipohypaconitine) OMe CHs H OMe OMe O-lipp H OBz OH OH 6

WEH 62 FEMLESLE (lipodeoxyaconitine) OMe C:Hs H  OMe OMe O-lipp H 0Bz OH OH 6
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R 63 lipo-14-O-anisoylbikhaconine OMe CHs H OMe OMe O-lipp H OAs OH OH 6
B 64 FRTAVLS3kH (lipoforesaconitine) OMe CHs H OMe OMe O-ipp H OAs H OH 6
AR 65 RILE kA% (foresaconitine) OMe CHs H OMe OMe OAc H OAs H OH 6
R 66 JEESH (lipoyunanaconitine ) OMe C;Hs OH OMe OMe O-lipp H OAs OH H 6
B 67 8-Z[EHE-14-benzoylmesaconitine OMe CH; OH OMe OMe OEt H OBz OH OH 14
MEERL 68 B (uunaconitine) OMe C:Hs OH OMe OMe OAc H OAs OH H 9
MR 69 oxonitine OMe CHO H OMe OMe OAc H OBz OH OH 15
MR 70 (-)-(A-b)-140-benzoyloxy-N-ethyl-3a,10B,13p, 1 5a-tetrahydroxy-  OMe C:Hs OH OMe OMe OH  OMe OBz OH OMe 1l
lo,60,8p,16p,18-pentamethoxyaconitane
BEA 71 hokbusine B OMe CH; OH OMe OMe OH OH OBz OH OMe 6
MR 72 (-)(A-b)-140-benzoyloxy-30,8p,108,13p, 1 5a-pentahydmxy-la,6e, OMe CH; OH OMe OMe OH  OMe OBz OH OMe 1l
16B,18-tetramethoxy-N-methylaconitane
BEERL 73 (-)-(A-b)-14a-benzoyloxy-30,10B,13p,150-tetrahydroxy-la,6a, OMe CH; OH OMe OMe OH OMe OBz OH OMe Il
8p,168,18-pentamethoxy-N-methylaconitane
BEA 74 aconifine OCHs H OH OCH; OCHs OH  OAc OBz OH OCH; Il
fle R 75 AL (beiwutinine) - - - = = = = = = — 16
BT 76 aconicarmichoside A e [
J&BER 77 aconicarmichoside B e [
J&EER 78 aconicarmichoside C e [
BT 79 aconicarmichoside D e [

BRI T IS T — R . &
Uit 55 U1ST DA 245 12k N 10 s bR iz 9 40 P A ik 9 0t
R, RAAMRAINE G HARLE S MTT R I
5 S Re 4 s A BN AT 25 BUR B, AN
RIVHPUENE. HEIPHELR A G, K
IR - A 1 3R TR 4T PE 2R 3 PR, A Sk
Bl LA 9 55 B0 IR 22 243 245 580
2.1.2 BUBIEH 1EAN— MR IR S R Y
FEVEPERIPI, DA Sl RSBl BT Sk
AR Z T Cro ik A= PHsIN CL7E e IR 15 21
TR 2T HAE B a5 0E AR R4 RS
HEE Na* i@ iE fsZm g fE ol @ gih e o-2 4k
AP, HEEEM NatiliEg &0 s 2, Mk
T8 H AR Na s 2B Ak, [l i
BELL g 1) o-S2RPE A, AT I HS H X
PEBURAE IR R 2.

Nesterova 2358 R I, 5 SARAHT S Sk mT
fif ip ZRRERIRRIALR BRI ARG N 2.8~
3.3 i, HARREOE D 52%~65%, HAREELT

BURAI 5T IMEEERRF LG RR I, 5 3KIETE
NRANE IR G A fE, HEURERBERME HAE
(P3G Inm N, HAERIEIEINE 18.75 mg/kg B
DUEAE, o 5 Sk i B0/ 5 B A7 70 & 1.

T A REFSIE 168 1511 0 it Jeg 58 v A 5 Sk
S FIR 7 IR R, % 0.75 mg/m?
K 1.5 mg/m? R ARG ), BH 2K, EH7d.
WS R R 134 5] 38 V0 58 A R AR B 4 2%
fift, PR B ROR N 79.76%  BURRCRIPAN I R I
5 S 5 770 AT SR e 22 R DL N, ot
MRl MK BURMER TN RE, A%
KT 50%. EIREEBIN A B g HER 2518, (H
YRR R HIE 290k «

Wang 252K B A R=MEE 1. C-8 i LK
LTRASE B 258 FE  C-14 1L -1 95 R HE DL & D 3R
(1)U FIPR A5 SRR 2 R 1 28 s AR W) Bl B e 1
AL . P ERIIDG T EFAIRA . T4
T A R TS R L A R TR R
2.1.3 PIRMEH  RRITELWFERIMKR ip 3
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S, AT D] AR X R A SUE UM
0 H R S 8T A BR [ I 28 7K AFF 7 )1 5 Bt 26 AR AL
il RIS IR ST 5 S AR [ XL
B2 Cro i 2E A0 32 B2 il ik fa b R A 31
dHpEIER, Mz s R R AR, S EI
PLRAIER
214 IXAEFRHEPER  EIRE, WEHARITEE
5 LA S T B HUR B TAE, BARZG 5 5T
F BT 0 P SR A R R Cro il R A
HOOR AR 0 G M s . Ho@ s i E MR
BHESVIZ )04 A% TGN AN ] A 215 JE R
BERG 1E,  THURT BET S A% T R T B R 7
P[RS IE A P T AU AN 2056 HY R IS 215 % 7]
FE FEEAR, B R R R P, X — kI
AT IR RAEDIR AR 2 .
2.2 WESH C ZHEE IR SIRIER
221 OEEMEAER oL 10 5k E T
BRIMPR S J5 120300, e B O O o 2 B WL
B Cro A B EE R —. 1E 66 #13
SkrpEE R, B RAEEE G 40.91%, =R
frovi s 5 24.24%, RonT MG M 2 k05t
SRR 2 O B A 15 10.61%, FE
OB A EEUEE S 1.52%, Rl s
BE 7.58%. (HIFE RN BR DS R T
O EERPE, E AR I T B S M X T 2 Sk 5 |
REPO AR, IR AS R BBV T 1RO I I3 B AT
FA R R B,
ISR, JLT A R
R YR BB OIS RERENR, L
R KA 35k S5, 0B H 3 R EE A
D EEEME . R Cro il A= Wmsiont O i ) 25 14
VB R T8 Ik ik 2 i o A A 20 0 B 5 49 O L i
PR EEARG NN O NatifiE
T, I NatWiit, (RAEAME LA, A5l
ORI o S Skt Co R FE M 2 B Mt B,
i KRG, AT S80S AR IR A . 1R
I R B8 A I 2 R = i e = 0Bt
W, BEN ST, HAFE R E T
5 SRR AT Y AR GG ie AR R A FNGEE, FERTRT Ik
B b AR . RN TR SR 5 B
V5l 715 B AR LA EE S B A= ) B B ) 223
25 5 PR IRy SLARAN N AT 5] 0 L4
B, BSOS . i,

1 it FBE T 3 1 S () R, SO P AR E R R B
RASECDNIIMIAETBY,  FLBEE 4250 B B An
VR FH IS TR 20 BB T AR N K o AE HAth AT 55
RIS ] 51 O N Ca 3, S
W24 BUER R 1 Cx43 Rik TR, 5lfEOEE
IR AR,

P I S ) B A R T a3 T8 3 AR RE K
TEERAIFE (APDoo3o) B3, HYHNT QRS WHE
(T AT 3 T A SRR, — g b TS
Sk ] S Eo ENEE A E RS R g AN — 3K
PERE NN, TS R SR H G M s M O A 2 R 136,
222 taEsEMHIER BWARI, ARKRER
(0.1, 0.5, 1.5, 10, 50. 100 pmol/L) & LBHAE H
48 h R 22 B A 2 T 4 I 1) A K A
PERIBT,  [FIR Be 225 i) K SR D #h e o i 7118,
RIHE BRI AEHMREER . el e SR 7t Kk
B 0.5% 2 Sk Bk I 25 0 ] 7 R0 19 544 426 41 i 3 5 v
M, HHAMLEMTEE S Bel-2. ras JEKFIA %
A Ko 52O 8 2 W5 SRRt R B Jo #4276 R
AR, AR A ST S5 AT RE . 1T
TR —J7 T, HELeph 2 vh g A R I AP R R S
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W TR IR Cro il A= WBRAE A 1] Y A
SV S L R R T A R, o g e
BRI — 7 THI PT RE FH T ML B P S s i, SR &
VILE IR . B b & Sl (ol s ) 2.5~
22, 1.8~11.7 %), fEOMEH & &8 (RE 1~
3 f%) (6431, DRI 20 B 2 1 i s R R 10 e P
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M€ T7 3%, R L SR 5 RT DL A ) A0 i 3R
P4503A4 il (CYP3A) iFVEIFRMIHE: mRNA /KT,
] CYP2E JE PRI A2 H: mRNA 7K, At
R B AR SR N R TE . WA, B
SARSFEETS, JRAh, BRI IR T iR g
I o A s R e = WK~ Tt v, SR 2 5
PIAIRBE, Bl s L7 LA L PR 3R B K F T e
7| 2 2H A 2 B 1) AL 2 5 SO MR 10
2.3 EBEER C ZHEE IR AIEER

FAEEY Cro il A= Wi 3 A5 2K FH R 2k Jit
Bl (290, ZRFBEHT S KR (27). KRB IKD Sk
JEHE (300 SFEVBT, FAE T rp 2t R AL
A=K SR T K o FEEE MR 12 8B-OH PR RAL «
oA 88-OMe I 8B-OEt % 8B-O-Fik 1)1
FLE. ARG EH 10-OH (OMe) Hl
16B-OMe, HKZH L &P C-18 L7HUL OMe,
BEAME C-34 64 10+ 13+ 15 AT WEUR &4 .

FAPRRY Cro il AR MBI PP B G A P T2 2L
R AI R VER . BT /KSR 73 28
B3 (-)-(A-b)-14a-benzoyloxy-30,88,10B,13p,15a-
pentahydmxy-la,60,16p,18-tetramethoxy-N-methylaco
nitane (72). (—)-(A-b)-14a-benzoyloxy-3a,108,13p,
150-tetrahydroxy-la,60,83,1683,18-pentamethoxy-N-
methylaconitane (73 ). (-)-(A-b)-14a-benzoyloxy-
N-ethyl-6a,15a-dihydroxy-la,8f3,16p,18-tetramethoxy-
aeonitane (25) X LIMIEE;FRFHESFHIME PC12 4
N BA DRI VR B0, RS YA BUR AT
B A FHY, AT RE el 1) Na i 38 Sk LI .
IR A A FH B 5 S 2 PR G 0 15 Sl A R R UK
K5 AR Cro i A= A EE B 225 BT R
TETER,
2.4 EAFER Cy ZHEEMIESIEIER

LA H AT, RILREET Cio i AP0,
X LA A — g (R, (G2 230 B 11 3 1 457
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Fig. 2 Hydrolysis schematic illustration of diester C19 diterpenoid alkaloid of A. carmichaelii
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