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Insecticidal alkaloids constituents from Aconitum anthoroideum DC.

FAN Dan-Li, YANG Lin-Lin, ZENG Dong-Qiang, TANG Wen-Xiu ( Guangxi Key Laboratory of
Agricultural Environment and Agricultural Product Safety, College of Agriculture, Guangxi University,
Nanning 530005, China)

Abstract: In order to explore the application value of Aconitum anthoroideum DC. as biological pesticides,
4-hydroxynicotinic acid methyl ester (1) , which is described herein as a natural product for the first time,
with three norditerpenoid alkaloids constituents, Ranaconitine ( 2), Lappaconitine ( 3), 13-
hydroxylappaconitine (4) , were isolated from the methanol extract of the whole plant of A. anthoroideum
followed by the activity-guided method with combination of column chromatography of silica gel, ODS,
Sephadex LH20, etc. Compounds 1 to 4 exhibited activities with LDy, values for 48 h ranging from 0. 26
to 0. 38 pg/insect against Nilaparvata lugens and from 0. 25 to 0. 33 g/insect against Sogatella furcifera
by drop-method, respectively. The results provided a theoretical basis for further research on the
insecticidal activity of natural products of A. anthoroideum.
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i Hela {GTERIMLEY (BIFEDY, 2015) , 32
BRI MG Lo 1538 9 D ai A=Wk S,
H. 1 Delcosine (1),
Denudatine (3) X M7 #1 T 4 2 €0 3 2 PR B
H—EBIMHIER, Delcosine (1), Tuguaconitine
(2), Lepenine (5),
JiYuan-Aconitine (7) EAHARIHIRIE M PC3
MIER (%22, 2010) , ) TR « HKFESE NS
SKRAY o3 B AT B0 NS S0 A0 i Hela 40
N R AR AS49 2 ik AT 40 I 2 16 R A9 2R W)
(VRS MK - HERAR, 2016) o LSk RARYITEAR
A AW iE VAR — SRS, B A N R R
ks dbS ks wAEL LKA 3 F ks
T K Z8 AW R e MR EOK IR
AR (B, 2011) , BRIKAE R BRI S
MBS RS L % P aconitines
pubescensine. 3-deoxyaconitine #1 chasmanthinine
(EC5 < 0.07 mg/cm) X Fit S i ik 4 dUA i 3 4E
BYER (BRI, 2017) o $UBAE 53k KRR Ly
IR L, K ML AE 5 3k vh 373 1
YT 22 AR, KBS W) Nominine Xf
MPP * 175 511 SH-SYSY 48451 5 200 M A7 4558 O 1
(5K &, 2018) , Hff DL 4808 A6 2 Sk A AR Ml 20 55
PR A= P T PR 1

ARWIFFE K BB AE 5 3k 0 FY BSORL 2 0 % 78
Bl FE REEA B R, S W Ak
ARIEVERL Y, F T 005 P BRI Xk L AT R AR 7 W)
B9, DA T R LB AE 5 Sk SR R Al Al

Tuguaconitine ( 2 ),

11 a-hydroxy lepenine ( 6) ,

1 MRS

1.1 R5ew#
L1.1 Y

LA 3L Aconitum anthoroideum DC. , ¥,
2006 4% H iAW -, W) PR S
FEBEAL BEHT ST 51 4 5E -
L1.2 fhEm

¥y K&\ Nilaparvata lugens Stal: M H 8] R EH
REUHUECA 400 Sk, CZER = p Ay EER
ZEREIINY TNT KRR 5% 1 ~2 A, TP R
S B RS RCEE A SR D R .

HE K&\ Sogatella furcifera Horvath: M H [&] %
LT CELA R B 400 Sk, A R 7k TR K
A, FHHSHE AR AR e

TnSB1-4 ( Trichoplusia ni) kg Wy S0P ik 51 65 40
ML, 5l ERTRIE R, AR AR K2 R AR AR
2 S A ) B A SR AL SR
FRIREE R 27 £1°C, il CO,, FEHRZHMEKSE
T R A RIS B, FH A R R IR T R A B R
PL1:3 LR 3% K593 R Grace’s 2 HLAH
MOREFRIE, s EE AR I . K ELE A,
FRAK T SR IR 9% (1 Ll im A A4 44
IR
1.2 REHE
L.2.1  FHYPHERY) R HR

R IR BRI, B R A DR W) M B =
PR 3E XA 1T, FEAE 50°C fi4 1 YL 8% XU T 446 9 72
gy 1M, ALY Ry R AL R BE. B MR TR
(2.0 kg) FAKRBIFEFIAHA (10 kg) , JnAFEE,
WRILE A S =1 (v/m) , JB[a] (a) 4 S8 v R0 A,
WHEELT2 h, FEEHRE3 K, A IFIRM R R 4
OB SE, 8 F R (30 g) , BT VKA
e
1.2.2  FEYIARV: Wi o 16 53 5

DAE P BRI o0 JEmly, 80 WG PR A . 25 A N
JARE & )2 M MCI & JZ #7+ Sephadex LH-=20.
HPLC il % 55 75 0 B AR P o3 B 2lifk, 15804k
a5
1.2.3 #5ty%sE

G4 E (NMR) e DUORAR IR o i
F, VU EREERE (TMS) AN AR, MIE H NMR,
“C NMR FI6Z () 2D NMR; i (MS) i &
KHCEL P ESLIEME - A4 MS KI5 704 20 i
Gy FaE, mREEIRIEHEN C. H T4
FARSCIER, 454 38 s DU Ak 5 9 10 45
¥, SR 58 ok L6 SCHik, 45 Ak A R 25
FEHEAT I A 1 U
1.2.4  AEYE M
1.2.4.1 8 CEAY A YIS P

SR B A0 AE Tt AT T o 5T FH TR 5 P ol
) R SR B W sl Ak B W A, R DR TR T
TWREEM 2. M R 2 ~5 H i A4 K E
KPR, MEME AR RDIE , FH CO, AR
WS, BN 0.09239 Wl &5 0. 1164 wl 253
( XTREFAHR A st 7 R AT M S AR . B
PRSI IL A% 90 Sk A2 4y, R 3 K. AT
WAL S A Bl R R, AR RUE
R 2y 30 ko IR HUGE R FH R MR R R AL Y =
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14 emy AR T em RRIfA, [ T 70 P o 4 26 5%
i, EESHZAE O, G 2 3 TNL 2K, H
R FE BT TR ARE SR B K e B R U
i [ J% A R SO B VR E 25 £ 1°C, AR G i
5% ~85% , HHIGHE 16 h G IESEEF#AH T, 45
BT 24 hy 48 h KA BB THEIETF ( Fujie
et al. , 1987; et al. , 2005;
et al. , 2009) o FLIESET: A4 A KIESETH
(%) = (AMAFETF - XM IALT ) /
(1 - XIRAIBET-A)  x100.
1.2.4.2 LB YR dn st &

AT T R AR A = QN L e S - S AR
( DMSO) FHHEA & P ¥ e ) TC BRI, 7
TAES ELL0.22 wm AYRLFLUE BB B BR B, R
T 1% DMSO (55 5 3 0 245 70 e )it il o vk
B, B W N 2.5% , DMSO R &9 %
1% . LL% 1% DMSO B 2.5% 15 [l #5597 3k 4
POpiiz

MTT ( methylthiazoletrazolium) & & Bt l: #%
I 50. 0 mg MTT, filA 10 mL =ZE/KIEFHE:, 5
VRIS, M MTT 3R AW E R 5 mg/mL,
BT 4C KR

Mk F5 B o MTT 3% ( Fickova et al. , 2008;
Zhangli, 2008) : XA K ARG SL 40 i 200 T
96 FLIEFMN, BALIMA 100 pL, KigE 24 h, ¥
BE IR BN B B IR, BEALANA 100 WL AH B
JERYZGME, ARZERESR 20 hy 44 h, RIMSERT 4 b
A MTT £ 10 pL 52602 . A 27°C ke s
F¢ 4 h JE B R IR, BEALAA 100wl DMSO H]
AR ASGHEA TR 490 nm [ SGAR, A~ ) 72 75
T LAXS RRAYANRIAHXS 1% T3 R 100% , K25 2H O
{EFR LA 2 24 58 0 20 FRLAE X35 7o 40 LT 3 /)N

Yecheng Wenwei

T 100% s 25| FEAR T RIS J1, Rz IR B 24
FIXFAMITE SR A K WIETE T (%) =HF
J5 Z AR OD 00 /P2 J5 X FRZH OD g0 x 100, 2T KL
HiH(%) = (1 -4 F) =100,
1.2.5 ot

ARICH, AR W i P R A5 R A P 2 R s 1 LA
CFHE £ ARAELR (SE) 7 Fon, SR DPS7.05 4%
BT R FE S RIE AR LDy K H 95% &
R 5 22 70 R AR Rtk 22 2 1 80k
( Duncan’s Multiple Ranger Test, DMRT) .

2 HBR5HH

2.1 EYRIYWEYFEGE

YR (2.0 kg) ZHET iffs, FIHEE
KRR, WA 2] A (30.0 g) .
LR 2% HCL KW, L ug, 12085 A
YrimzEtfK e Z pH 8 7.0, SKJ5 18, 60°C 4t
T, RARAEWIES s BRK 2 a K ST pH A R
9.0, CHCLZEHL, ZHUMK Na,SO, T 545, H
A= ) S 5 o

DU T P08 A6 15 3k 18 A 9 A 2B 0 e
SIXTET CEL W CE AR TS JEAE R o
HEEPIBER Y, 0ILL S pe/k (B4H4E 0. 1164 ul)
(TR S T A TR T R R el
48 h RRIETE, SRR 1. 5RERW, Bl
B3t iy IR T R i S PR R
BT 53 A T B E YRR 5 o

HE— 2L T 400 AR 5 Sk A ) S 4R
AT CAK B AR 48 h R85, 4590
%2.

F1 WELSLHERY (5 pg/kh) WHECAMBE CEACGHEA K 48 h R EHE

Table 1 Contact toxicities of extracts of Aconitum anthoroideum against the macropterous of Nilaparvata lugens

and Sogatella furcifera at the concentration of 5 pg/insect (48 h)

FEH)

KIEAET- %Y (%) Corrected mortality *

Extracts

#y KE\ Nilaparvata lugens

HT RE\ Sogatella furcifera

H W s Alkaloids 95.10+1.01 a 100.0£1.11 a
e Wms Not alkaloids 14.22+1.18 b 15.32+2.10 b
R CK 0.00 +0. 00 0. 00 +0. 00

Y, B ESVEGRS NG TR IR R TE 5% KT FERAREE (DMTR ) 2, Frh8dE h EHE + SE, CK A48

SEHEHETZ, n=3. Note: ",

on Duncan’s multiple range test ( DMRT) . ?

The data within a column followed by the same letter were not significantly different at P =0. 05, based

, The data were mean =+ SE and the data of CK were mortality, n =3.
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F2 WERLSLEYEFEMNE CAMAET CAKBERH I8 h HiRED
Table 2 Contact toxicities of extracts of Aconitum anthoroideum against the macropterous

of Nilaparvata lugens and Sogatella furcifera ( 48 h)

KRR (A1) 75 7 LD, E REL 95% 15 R

Insects Regression equation ( pg/insect) Coefficient of determination ~ 95% limit distance
¥y K\ Nilaparvata lugens Y=4.6745 + 2.9007x 1.29 0. 9955 0.99 -1.58
M1 K&\ Sogatella furcifera Y=5.04424 + 1.9901x 0.95 0.9847 0.72-1.25

PUREAE 1 Sk A Wy S BRCHR 0 X 7 o e L
A W Al RS R, XA R EUR 1 R E Y
48 h il REES] LDG (AN 1.29 g/ ks 0.95 pg/k
(%2
2.2 WEERSLPEYFERSTSTE

FNEEAE 5 Sk v A W T MR A 0 0 S LA IS PR R
Br LY, LRGN RERAEE BT ODS. Sephadex
LH20 8575 V5 XU AL 5 3k A= W) SR o3 EA T 00 15
aift, Ny B s E T 4 N E W, ol 4
hydroxynicotinic acid methyl ester ( 1) , Ranaconitine
(2) .Lappaconitine( 3) .13-hydroxylappaconitine (4)

&1 W TC O IRES &, T R,
HEF T M7 o

MRYELEY | Y EIMS m/z 153 [M] " i 15
T, 454" C NMR #l DEPT %, ] 1 H /75X
H C,H,NO, . ZEE4bE% 1 19" H NMR.”C NMR #1
DEPT 375 A — A ) 7 AR BT 7 (6, 8.43, d,
J=3.0 Hz, H6) . WA ALBOCAY 5 (8,
7.95, dd, J=9.6, 2.4 Hz, H2) . (§,6.51, d,
J=9.0 Hz, H3) , —/ Mtk (8. 167.1, CF) |
— P EGREMERK (6 165.3, C4) , —PHE
3 (6, 3.60, s, 3H, §. 38.5). %54 HSQC.
HMBC /& TG 1 (' H.PC SR, HE g
P8 A

'"H NMR ( 600MHz, CD,0D): 88.43 (1H, d,
J=3.0Hz, H6) , 7.95 (1H, dd, J=9.6, 2.4 Hz,
H-2), 6.51 (1H, d, J=9.0 Hz, H3) , 3.60 (3H,
s, OMe) ;

“C NMR ( 150MHz, CD,0D): §167.1 (CF) ,
165.3 (C4), 145.7 (C-6), 141.0 (C=2), 119.3
(C3), 112.3 (C5), 38.5 ( OMe) ,

R B PR AR 4 H NMR."” C NMR. HSQC.
HMBC 347 H B, &% E k& 1 A
4-hydroxynicotinic acid methyl ester. ZfbGYTE X
Bk B O B A 2 G P A 2 ) ( Kitagawa,
1978) , HJ5 By SCHR i 1 L AT A 5 il ) AR B ¢ 7

¥ ( Bernofsky, 1979; Maquestiau et al. , 1988) . %
SR RN R IR =y vh 7y g 45 2 F % H A7
BasEdE R g, Hor 7 C H,NO,, fb @45t
e 1 e sy 1 pos.

Ranaconitine (2) : Jof 4 R%S5 H; ESI-MS m/z
600 [M] +; PeiE¥iE 5 SCik v Ranaconitine #H [f]
( Pelletier et al. , 1978; Ayhan et al. , 1996; Tan
et al. , 2006) ; Lappaconitine (3) : JCEIREE i;
ESI-MS m/z 584 [M] +; Ik % %04 5 Sck o
Lappaconitine 4§ [] ( Manzoor et al. , 2008; Nikolay
et al. , 2008) ; p i)
TEEHA: ESIMS m/z 600 [M] +; ik
5 3k *p 13-hydroxylappaconitine #H [A] ( Manzoor
et al. , 2008) .

13-hydroxylappaconitine ( 4) :

N—S
0 NP
3 —4 O

OH
1
R1 R2

2 OH H

3 H H

4 H OH

BT LSSk R R A B )
Fig. 1

Structures of compounds 1 to 4 isolated

from Aconitum anthoroideum

2.3 EYXMBCRMAT CENSREE

MEWE MR AEHE WE e 4-
hydroxynicotinic acid methyl ester ( 1) , Ranaconitine
(2) . Lappaconitine ( 3) . 13-hydroxylappaconitine
(4) , X5 RE, FF CEUH AN AT 48 h
Rl TE S, APRILER 3.

A LA W AE AR EE 48 b JE S KEURT Y R
K R OME R Lty BOA il R W R,
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Ranaconitine f % B P B o, Xl CEURHTEH S &
ﬁbﬁf%ﬁiﬂ}é 48 h E/‘] LDS(){Eﬁ\%]Jﬂ‘j 0.26 P«g/%\
0.25 pe/k (3) .

*3 Wi EYIECAMEE CEABEBEA R
48 h I RE N
Table 3 Contact toxicity of compound 1 to 4 isolated from
Aconitum anthoroideum against Nilaparvata lugens and
Sogatella furcifera ( LDs,, pg/insect) at 48 h

fay 5l 1
Compound Nilaparvata lugens Sogatella furcifera

1 0.33 +0.05 0.26 +0.03

2 0.26 +0.03 0.25+0.02

3 0.34 +0.05 0.30 +0.01

4 0.38 0. 05 0.33 +0.02
Malathion 0.23 £0.04 0.19+0.03

T BdE N FEI% £S. Do Note: Data represent the mean +

S. D. of three separate experiments.

2.4 EVWHERSE

76100 wg/mL. 50 pg/ml f4 e BE & T 1k
A ¥ Ranaconitine (2) X By 20 7% e 5P 5 40 g
(Tn5B14) 24 h 4ufsEtt, 45 W% 4.

4 TLLAEH, 76850 pg/mL. 100 pg/mL
WET, L&Y Ranaconitine X} Tn5SB1-4 4 Jitd ) 2
MO, RLIESET R 50% LI .

x4 AL SR TSB14 AR H1E
Table 4 Growth inhibition of compounds to
Tn5B1+4 insect cells

ey KIEFET-%" (%) Corrected mortality
Compound 50 pg/ml 100 pg/ml.
Ranaconitine (2)  23.96 +0.60 a 44.89 +0.87 a
ENBEZE AZA?  51.850.13 b 24.85+0.69 b

eV VBRGNS TR R R R TE 5% KPR
A (DMTR #) , B4 W EHH +SE, n=3.", AZA
JE#Z . Note: ", The data within a column followed by the
same letter were not significantly different at P =0. 05, based on

Duncan’s multiple range test ( DMRT) and the data were mean

+SE, n=3.7, AZA.

2.5 Ranaconitine 3} Tn5B1-4 ZAiEE1E E 220

FEi 5 Ranaconitine X} Tn5B1-4 41 iy ) 41 g 25
PERT, o B M E MR LR 2 EY
Ranaconitine 4 F 14 40 I 04 40 o B 4 BH B 50 FL I ,
Stk — 5 B A L XF TnSB1-4 20 A i 4 5%, LA
FITC 420 T 466 %) Ranaconitine 7& 50 mg/mL ¥
JETF XS ToSB1-4 4@ AV, 4R WK S
FE 2.

M5 TTLLEH, 4bFE 48 h J5, Ranaconitine
) FITC {50 BEAE R 6. 32, S GomEEHG 3N
1.44% , A& TEOMRZR Ao M IE 2 0] LA H,
Ranaconitine M 54 —E 00520, {E4/E (X F
ENBRER -

% 5 Ranaconitine X Tn5B1-4 20 fRi@E %0 (48 h)
Table 5 Effect of the membrane permeability of Ranaconitine to Tn5B14 (48 h)

BB AH

44 Compound
" P The values of OD

CK 6.23 6.25 6.22
IR 2% AZA 12.70 12.71 12. 68
Ranaconitine ( 2) 6. 30 6.32 6.34

PSR R B (%)
Average values of OD Increase rate
6.23 +0.88 d -
12.69 £0.58 a 103.7
6.32+0.18 ¢ 1. 44

T RSB /NG TR R 2 2R e 5% K 225 AR (DMTR %) , Bl A% £ SE, n=3. Note: The data

within a column followed by the same letter were not significantly different at P = 0.05, based on Duncan’s multiple range test

( DMRT) and the data were mean + SE, n =3.
3 siSie
TE R0 15 PRI 7 25 2R A 6l b, ZR5 0

FHRERAEZHT+ ODS. Sephadex LH20 2577 ¥ % 4
POAE S Sk A R AR RER A R R PR

e oy AT o alide, Nt sl T4 e
4 ¥, 4-hydroxynicotinic acid methyl ester (1) .
Ranaconitine ( 2 ) . Lappaconitine ( 3 ). 13-
hydroxylappaconitine ( 4) , 3¢ F 1% M A #f 5% i 18
Lappaconitine A 75 Bk [ th 2, #Uf, dLOHKN,
iR AVEH (Niu et al. , 2018; Sun et al. , 2018) ,



oy rraran 5 1is N < 3T PN
5 TOFFISE: B AL 5 Sk rh A W) 2% HOis MR 5 1255
ok o3 I
2 L Key Mae: 21 Hey hare:
o ! 9 ok
2 E | 23 [ |
= o — A-Glippm s — A-5ihpm
= 23 a7
W™ w_ =]
£ £2 ] -
28 z= 254
= L% L&) 1
= 24 =4
8 ] 2 ]
ST 1 TS L] o4 = T T T T
10 10 w5 10 10 109 10! 10° 10° 10 102 10° 107
FL1H FL1
CK AXA Ranaconitine

[®] 2 Ranaconitine X} Tn5B1-4 4 Jitd J6i38 1514 52

M (48 h)

Fig. 2 Effect of the membrane permeability of Ranaconitine to Tn5B1-4

MG 3L Aconitum heterophyllum Wall. w4y B545
FI| 1Y 13-hydroxylappaconitine X 4x ¥ {6, 5 44 3K &
Staphylococcus aureus Rosenbach. 7 1l & /F FH,
Lappaconitine X 4 &¢ X B84 g ¥ & Pseudomonas
aeruginosa Schi9ter. FI15 FE VD [T RATH Salmonella
wyphi HIVEAVER (JAFIIRE, 2017) , AR5
BRI 4 Mes Y EA R RGN, Kb a Y
Ranaconitine (2) X} 75 & E Y fil % 36 MR B oh 8 3%
WA WA R E, ML A 5 3k rh 7 B 15 2
B LA s A ol £, A pFE R B A
W% 4 ¥ B Scutegxbatine F, Scutebate F,
Scutebarbatine F, Scutebarbatine Y E. 45 136 4 ifryed &2
2yt et (2554, 2018) , MWEHEH L LFE
15 #| 1 Lappaconitine ( 1) . Ranaconitine ( 2) .
septentriodine ( 3) . 6-demethyldelsodine ( 4) . 6-
methylumbrofine (5) .8-methyld0-hydroxylycoctonine
(6) F18-methyllycoctonine ( 7) X} &4 & K& KA —
FERNRITRCR (EHSE, 2019) o ARBPFEh B
JE 1) Ranaconitine X Ff € EA 45 19 fill R 16 P, 7E%
i B B RIS A e — RS . AR
FET VO UL A8 2 3k i A7 i R IT B9, B
SREEB| AR Y B4R D B SRR, B A P
PRI TE A, S A HAl XS A EA 15 R Y
53 B R H A A ) A PR B Ak A T
PR S
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