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Abstract

The study focused on the chemical constituents of Aconitum carmichaelii and their insecticidal activi-
ties against the major pests of Codonopsis pilosula. Methods: Chemical constituents were isolated and
identified by normal phase silica gel column chromatography, reverse phase silica gel column chro-
matography, and macroporous resin column chromatography. Contact and stomach toxicity were in-
vestigated using the micro-droplet method and leaf immersion method. Results: Four diterpene
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alkaloids were isolated and identified. Among them, mesaconitine and benzoylaconitine showed
strong contact toxicity with LCso values of 0.797 mg/mL and 0.676 mg/mL, respectively.
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1. 5|

H SR B RAHEAC S S TRREUR, Hl4: B8k, Wilps, LI, #4178k, LHER
o HIBREAMNACBHE, I, K 2~7 HX, Hif0.6~2 MK, HEMLAERIL, HIsEH, £
Tl EREES TS . 2 TR SR R S B AT R R RUE R R[], RPTOHERE2]. BT
R3]~ HUE[4] [5]s BUB[C]SELGBAE M, L ZLEE R 2B, JF B A B SRS Al 2
WEY. SESNEHRE S R 2 FATAREY), R FE AT, EE0 40T HEFL . Bb,
Hibrs 7= FilE WL mr SN Eet. B @i, FRil RS MNME. TFER, EESMiE
o, RUERMECR, EEE TR LU AL, R 2R R UR LU S 2 B2 BRI RS 7]. R
TR R R I A IR A G AT R, A SO Sk 7 B DURE &1, 6 — BE i DL K 05F
BEAT RAR AN B S5 VR B AT

2. MBSRE
2.1. HRIKIR

R L S s A H A G T U L SR LR, R TE 2N S RO SR B KM
2.2. THWHE

221 ESUEMIERNSE

PRI B (8 ko), FH HEERIERI =0k, FXER, BURKRYSE, 53H BRI 0.8 kg. ¥
H RS2 Il T 50 CHUKH, FATMBERE I =K. 321 A MBI X (77.659). FIA KA 2%
MRV A pH = 1-3 BRME. I ST LRI IR, ORISR . 153 ST RRIEE Y (25.96 g)-
P A KA 2% EAL B pH = 11~13 Bl t:, F S Bed i 3 W, JEiR4gE, 75 & b
PEHUY) Z (24.38 g); S BERRAEINY) Y (25.960) 2 KL REAE EAT 20 B e M, e ML LAAS [ L A51 (30%-
50%- 80%- 100% FEE)Bh BELEE, 73 Fr.(A~D). FIAVEVEIBERM) AT G 820 8y, #F— 0 R W Aet
IRFEEMT B Fr.A (2.3 g)FBL DA & e FHIE 200:1~20:1 BEJESEM, 202 2. ML B 6k
73 B343 3] FrAl (200 mg). Fr. AL 28 SEBERER 24T 70 B33 254 1. Fr.B (11.96 g)#kAT SORHAE AT )= 4T,
DLFFRES: 7K (0%~10006)3EAT 1 e i 45 340 73 Fr.B1~Fr.B5. Fr.B1 (3.1 0)& it IEARRE R AE EHrEet, LL—
A kE: HIEE(200:1~30: 1) Ve S B4b &4 2. Fr.B2 (1.46 g) &t IEMRERAT: EMrve i, L& k. W
(100:1~10:1) 7 1S 2L AW 3. Fr.B3 (1.22 g)& i IEAIRERRAE JZ Mo, L& HFhe: FEE(80:1~15:1)¥k
A3 EAD 4.
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2.2.2. ot TR 1A K2 WF e A R SE A B

KB E R ETT R SLS . Bk, B FrB WM T HEEF, 2 5IECH| & 0.2 mg/mL. 0.4 mg/mL. 0.8
mg/mL. 1mg/mL. 2mg/mL. 4 mg/mL B3, LAHREVE G R . A E B B B — 5@ B0 R 14 A
o, REAAEBIEM(S 4.5em, BEAR 2.5cm)N, HTREATIESIIENE . EBE R I — g b0 e
FARY S, H 0 ShIFHOESE. K/ A8 — st e, 38 X i s 4 H A SR G T 33 b
uig, APRACERBESE H HTESN, HAABRIERIL O AdUE . 1NN, EEIEA OB R E SR R N A
7, SRA WA KEEASH IR . (B E R 0.009239 ub 5 0.01164 pL 1243 (R
VB A RV DT IR/ AR AT AR b, BRI S 10 Ry, BHE 3 . 2JE, AR EE
TREENE5£1)C. WREEL) 85% IR i iE 7%, 24 /NS WEE AR T AR B, HE bRt il o J5 Re Bl # 47
W, ARBHFEBOET . BEX B A RS I R kA L ] SRR R B AET AR, KR Abbott 2 2t
PR PEATRIE, ARA Pt = [(Po — Pc)/(100 — Pc)] x 100, H:rf Pt FIREIIESET:- (%), Po NALFRAISE
T23(%), Pc NZs (AN RRAFET (%)

2.2.3. X BRI ST B HiE 4N E

SR B2 o A i e 0 e 1 FroB Ot BE AN O G S EEE . K FrB Vs T R EE T, ZRIRK
NFEREF . 43 HI5E 0.2 mg/mL. 0.4 mg/mL. 0.8 mg/mL. 1 mg/mL. 2 mg/mL. 4 mg/mL ¥ (1) 8 5555
PE. W EARHN 2 em MG RIEAE— @R R LT 20 s, T E BB IR (9 cm) . X
MR 4% IR ITVEIRIANIE T K 30 S35 77 HE RS IR E 1 R i LI 24 /N JS T TR 1 B A
WIEHRHEAT AL B . WS 24 hy 72 h JGIBETR, RCREFRINTE, AFEHT, @i =, iHEF
BEIEFET R . Tl HU(A. glycines Matsumura) i fi % i M 7] E o ZET- %R KA Abbott 2 047 1E, Pt=[(Po
— Pc)/(100 — Pc)] x 100 Pt AR IEFET-Z (%), Po AALHHIET H (%), Pc N2 AXTIRAIET R (%).

3. &R5118
3.1 hEPEHEE

Figure 1. Chemical structure of mesaconitine

Bl 1 #EkmEiFEEN

a1 (1) Bk, 713X CssHasNOw, HETLEHMAK. H-NMR (500 MHz, RARE):
BAEUR 2. [6H 1.38 3H, s, OCH3; 6C 172.6; oC 21.6], PUANHI%HE[0H 3.16. 3.28. 3.30 H1 3.74 (% 3H,
s)]. oc:83.3,35.9, 71.4, 43.6, 46.8, 82.6, 44.4,92.0, 43.8, 41.0, 49.6, 34.3, 74.2, 79.0, 79.0, 90.2, 61.2, 76.6, 50.1,
42.6,56.5, 58.1, 62.3, 59.3,172.6, 21.6, 166.3, 129.9, 129.8, 129.7, 133.5. iX 5 ik v i %tk —5[8].

&2 (K 2): ZKHEBES LER, 4 F 3 CeHasNOw, FHETLERI K. H-NMR (500 MHz, At
SAMh): VUASFAAHBE[OH 3.33, 3.36, 3.40 A1 3.71 (54 3H, s)]A1—NE & LIE[0H 1.42 (3H, t, I = 7.2 Hz)], éC:
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81.7,30.2, 70.7, 44.4, 41.7, 80.7, 51.0, 76.2, 45.4, 80.7. 51.0, 76.2, 45.4, 44.1, 50.1, 37.3, 78.9, 83.1, 80.7, 94.0,
65.4, 78.2,51.7, 51.3, 11.2, 55.2, 58.2, 61.2, 59.2, 167.6, 131.5, 129.5, 131.0, 134.3. 5iZ ik h&E—[9].

AP 3 (K 3): 3Kk, 40T 30 CasHarNOw, FIEERHF K. *H-NMR (500 MHz, SARE): B
B 2. 3 [6H 1.39 3H, s, OCH3; 6C 172.6; 6C 21.5], DU 4R FE[OH 3.16, 3.26, 3.29 F1 3.74 (£ 3H, 9)]
A—NBRFHE[OH 1.12 (3H, t,J = 7.1 Hz)]. dc: 82.2,33.3,71.5, 43.2, 46.4, 83.4, 44.8, 92.0, 44.2, 40.9, 50.2,
35.8, 74.2, 79.0, 78.9, 90.1, 61.3. 76.8, 47.5, 49.1, 13.2, 56.0, 58.2, 61.3, 59.2, 172.6, 21.5, 167.2, 129.8, 129.7,
128.8, 133.5. 5 iZ ik ¥dE —5[9].

a4 (1 4): EHY KK, 73§ 3X CaaHaNOw, HETEE R K . 'H-NMR (500 MHz, jifX&E1):
BAAR ZBEHE[OH 1.37 3H, s, OCH3; 6C 172.6; 6C 21.5], PUANHI4EIE[OH 3.16, 3.27, 3.28 1 3.73 (54> 3H, 5)]

Figure 2. Chemical structure of benzoylaconine
B 2. KRS KRB FER

Figure 3. Chemical structure of aconitine

Bl 3. BmiLFLEH

Figure 4. Chemical structure of deoxyaconitine
B 4. ZEEXBLFEN
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M—ANBEHE[OH 1.09 (3H, t, J = 7.1 Hz)]. oc: 85.4, 26.5, 35.4, 39.2, 49.2, 83.4, 45.3, 92.3,44.7, 41.1, 49.4,
36.8, 74.3, 79.0, 79.1, 90.3, 61.5, 80.4, 53.3, 50.1, 13.6, 56.4, 58.2, 61.2, 59.2, 172.6, 21.6, 166.3, 130.0, 129.8,
128.8, 133.4. 5iZ CHRHHHE—F[10].
3.2. =B LA A 8 s RO R SE TR

TRFRER)EBURE A Fr.B, SR A YIHT D S A B S Sk R AR A S e B i DA R e R
AT Al RIS 5 , K Fr.B WA EE, /I ECH] R 0.2 mg/mL. 0.4 mg/mL. 0.8 mg/mL. 1 mg/mL.
2mg/mL. 4 mg/mL (¥, R ZBErHEEEAT Ak RS TERE ST, A5 BIEA TR, LCso 18 LA A2 95% B A5 X [H] .
gERnk 1.

Table 1. The stomach poison activity of Fr.B against Tetranychus urticae
F 1. Fr.B S ZBEM B &5

R EVEpa LCso (mg/mL) 95% & {5 [X [H]
TR i Y =0.2788x + 0.5523 0.65 0.43~0.87

1AL, AT RARES, RGN, 4t 24 /NiE, Fr.B 4140 7E 1 mg/mL MR X B il
Hfi R AET 2K 90%; H MR T5FEN Y = 0.2788x + 0.5523, 95%E {5 [X [H] 9 0.43~0.87, Fr.B [ H
15 LCso {4 0.86 mg/mL.

Table 2. The contact toxicity activity of Fr.B against aphids
7= 2. Fr.B MIEF AR R IEME

1h 24 h
R - - - -
TR FRIEFET- R TR FIEFET R
10 mg/mL 86.67% 86.21% 96.67% 96.56%
1 mg/mL 43.33% 41.38% 66.67% 65.57%

HEE 2 AT, ASFREA Fr.B AR 1 /NEEAN 24 /NS FOAET- S AR IESET- 3 . 7£ 10mg/mL ', 2
FVPRE AL 25 AR 535 (24 /NI 58 28008, RLIEAET- 3N 96.56%). 1 mg/mL iK% N, 2425 i)
5, (HRBURIT S TRk E 4. 24 /NS IR IEAET 2 65.57%. AHLL 1 /NEF, 24 /NBFIFET: S Bk
Fh o ARG IR 55 2L P 24 20 B T i) 384 0 B 53, MRS 2RI FE WL (AR08 ) A O o 24 7010 S 8 AR
10 mg/mL [FIEFERCEE L mg/mL (1) 2 £5 A b o 6 DA A, 224 7000 21 ek (1) SO0 50U 2 00 5 38 1k
FE - IR, v FE T PR i 8, AR T 75 KA FH I [] o

H4 T 5 SR BRRT A FH 19t % Sk S s T FRBE R, 49 S C A 1 0.25 mg/mL. 0.5 mg/mL 1 mg/mL.2 mg/mL.
4 mo/mL IRFERIEI, 0T PR R AT Al R S PR 7T, B0 RIE TR, LCoso fH PA AL 95% (S X [H] . U
3 Fios:

Table 3. The contact toxicity activity of mesaconitine and benzoylaconine against Tetranychus urticae

= 3. F1SSKREAN K R S Sk BRI Z B w2 R 1

P RELELR S R B Epg LCso (mg/mL) 95% & 12 [X[A]
RN Y =0.3053x + 0.53 0.797 0.4~0.67
TR i
2K F I 2 3k J Y =0.3557x + 0.56 0.676 0.4~0.69
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BHEE 3 AT, Sy SKUER 2R HA It 2 Sk JAROT — 38 i 56 — 5 IR IE 1, LCso fE 735014 0.797
mg/mL £ 0.676 mg/mL. 7E 4 mg/mL &R, XF B il 1) ek R v M e U, AE T2 369y LIS B 73.3% 1 70%.
M LCoso {E FT LATRHEN, 24 I 5 Sk s BonT —— B8 il P ik % v 1 32 o 307 1 3kl
3.3. Xt ZBEHER AR B R B B SR R

¥ Fr.B AT H R, 2 BIECH B 0.2 mg/mL. 0.4 mg/mL. 0.8 mg/mL. 1 mg/mL. 2mg/mL. 4 mg/mL
MV, A BRI AT B REE A AL, AR RIEATFE, LCeo fH LA K 95% B (S X A]. Wi 4 k.

Table 4. The stomach poison activity of Fr.B against Tetranychus urticae
= 4. Fr.B S ZBEM B &5

ANl EVEWE LCso (mg/mL) 95% & 15 X []
il Y = 37.323x + 64.722 0.40 0.20~0.85

7 1A, BT E ARG, FIZKAE 24 /NNHE, TCRETS, WETCERLFRIE: 7ESLih A0
NEH 24 /NS, WREEDN 10 mg/mL (1) Fr.B 2730 el B 2B A0 T RIA 92%, #EIEGREN Y =
37.323x + 64.722, 95%E {5 [X [y 0.20~0.85, FH #/EAIM LCso {f N 0.4 mg/mL, H A H25EEME,

¥ FrB M T PR, FE M 1 mo/mL (A, S k4T B S 7T, 2810 R LR IE
FET %, W13 5 fin:

Table 5. The stomach poison activity of Fr.B against aphids
5. FrB A B EEM

24h 72h
A RRIEAET R FETR RRIEAET R
1 mg/mL 66.67% 65.57% 76.67% 75.87%

R

HHE 5 %0, 72 1mg/mL iKRE T, 72 /M EIR AL T RIE 65.57%~75.87%, FUIZZGFN i L EH
WEBOCRR . WER AR, BRI ERBEE, RTReFAER RS, JUERZD B,

4, gig

MNEE G e o B g DU i R 0BR, B Sk, RS SRR, S Ske, ERS KA. RS
ST BE R AT — DRl UL R eF A iR PR Ak of DA R B B, R el S DA R R I 1 Sk SR R B
HHBLR 1 il R V5 M, LCso {4 0.797 mg/mL F11 0.676 mg/mL. Sbff 78 A AL 4% (0 24 I JF B4 T Wl g
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