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Abstract

BACKGROUND: Three commercial biopesticides containing
derris extract, which is permitted as a commercial
biopesticide substances by the Environmentally-friendly
Agriculture Promotion Act, have been marketed in Korea.
But, the quantitative analytical method of active substances
for crop protection in biopesticides containing derris
extract has not known.

METHODS AND RESULTS: Solid phase extraction
(SPE) cartridge clean-up method for the quantitative
analysis of rotenone and deguelin in biopesticides
containing derris extract was developed and validated by
ultra-performance liquid chromatography (UPLC). The
clean-up method was established using hydrophilic
lipophilic balance (HLB) SPE cartridges for the bioactive
substances in biopesticides containing derris extract, and
the eluate was analyzed to quantify the rotenone and
deguelin by the UPLC. LOQ and recovery rates of rotenone
and deguelin were 0.085 and 0.044 mg/L, 95.7 and 93.3%,
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respectively. The content of rotenone and deguelin in three
biopesticides containing derris extract were analyzed by
the developed method, the results showed 0.001-0.236 and
<LOQ-0.258%, respectively.

CONCLUSION: The developed method could be
applicable to determine the active substances and to control
the quality of commercial biopesticide containing derris
extract.
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= 1935(14.3%) 0.2 sl ae] g, Halleata s, Falde s,
A58, BN 2 AE858 AR ARE AL itk
AEFEEEA 71EAAY 8854 dl2l2(Derris)
= sHootel EAEIE Y Aol A sk Tkl Y=
A &2 isoflavonoid Al EA4S dH3tal 2L, o2 a
-glucosidase A3ll, 2%, AlE=A 9 s} 5 FHLg
A=LFE vepdlie Aoz d#fx YtkSvasti et al,
2005; Rao et al, 2007; Yenesew et al, 2009). E3t d]z]
2% 10° M olate] smolA slFe) vEZE ol A
AE WIAA ATP & Aaligrozm A5a3s Hehd
+ rotenone¥} 2] F 48 AJ7tol| o|JE£RTV]Y H A
AFEE(LCs0) 7t 2.63 mg/L3l degueling X3 3tal 9)o]
(Rich, 1996; Bosire et al, 2014) HgX F&& 35 7]
SR 370 AlFe] el Az ghiE| s Qlck
8%, 5 o, T4 AN Ve W HiEs FEE
% rotenone?} deguelin 3% high performance liquid
chromatography (HPLC), liquid chromatography-mass
spectrometry-mass spectrometry (LC-MS-MS) 4 gas
chromatography (GC)E &8st A QAR
(Dawson and Allen, 1988; Draper ef al, 1999;
Pedersen and Shibamoto, 1999; Jimenez ef al, 2000;
Scortichini ef al, 2004; Shin ef al, 2004; Caboni et al,
2008; Wenjie et al, 2009; Lautie et al, 2012), @A|7H
715 5 o159 FFH7HE I BAHS Bad
H} Qi
A2, g AN 2 vk FEE S s S
AERSEY ARS ARFEoR A4S, hydrophilic
liphophilic balance (HLB), ENVI-Carb ¥ Cj3 7FEZ A&
o] g3t A} FEW(solid phase extraction, SPE)¥}
ultra-performance liquid chromatography (UPLC) % GC
= G483t AR BNl HaESI (Lee ef al, 2013:
Lim ef al, 2014a; Lim ef al, 2014b; Lim ef al, 2014c).
g B Ao E AEHIEES 7]|EZE  rotenonedf
degueling tg]| A9 Ao AAsta, vgs FE5=
S 1A F o159 Fe A5k 919k SPE A
o] ¥AE &gt

Aot & BEE

Rotenone (95% purity)? deguelin (98% purity) 3
F¥2 Sigma-Aldrich (Saint Louis, USA)Z%-E] 9]}
%131,  dichloromethane (purity 99.9%)% methanol
(purity 100%)-> 27} ].T. Baker (New Jersey, USA)<}
Tedia (Ohio, USA)?| Al&-& ARE-aI3ITE Al Alol AFE-
&t ENVI-Carb (500 mg, 6 mL), Cis (500 mg, 6 mL) 4
HLB (60 mg, 3 ml) cartridger= 2% Supelco
(Philadelphia, USA), Phenomenex (California, USA) %
Waters (Milford, USA)ZHE] 8191, Hg]A F5&

S B/l 209 ST1sAA QARRE T9lstel
B

Aol ARSI

ISk & K| 2=E MY

glgAe] AR AEREEYS UERE rotenone
% degueling HEA FE2= T 71 A%
o7 My, F Axdwe g2 UV detector”} 3
2rE] UPLC (Waters, Massachusetts, USA)E ARE-35lo] &
Aot
XEYE &M

i FE2s Fet 715 5 AT 2495 9
g A 0 = oL 7} SPE cartridges AT
Z5r(distilled water, DW)Z 108 3]438t 71544 1 mL
£ HolFR %7131 S5 50 mL9} dichloromethane 20
mLE #7181 98t - dichloromethane %2 sodium
sulfate anhydrous& ©]-g-3to] &ahz WO 33 24
819101, dichloromethane #HjS &3l 407C ofA
At F53 thE 2 mLY methanol:DW (5:95, v/v) &%
How Al Falste] FAE AEE ARSI

Methanol 2 mL9} DW 2 mLE a8 07 SeTo
43} gt HLB cartridge (60 mg, 3 mL)°l| A& A= 2
mLE 3t4g o5 2 mL9] methanol:DW (5:95, v/v) &
tolS- Ze 0] A3kl methanol 5 mLE A ¥AFS &
SIGiTh o] §F g 40CellA 7% 553, methanol 2
mLE A 433t T syringe filter (0.45 um)& ojz}3t T}
& UPLCE ©o|€3te] Table 1°] 717|274 2A]5k31ct

m-t)(t ol

Ao REY =l

Rotenone¥} deguelin®| “g&A]s 915k AlAH o] fa
3L A A, AetAl(limits of quantitation,
LOQ), 38 % AEFHAE A8t AFsisich 4
FA A4 0,01, 05,1, 5,10 % 20 mg/Le] =
£ Table 19| £310l4 50k F9l8l] F& Fugrow 4
/333131, S/N B]7Ksignal to noise ratio) 10°] ¥+ ¥
£ rotenone?} duguelin®] LOQZ J3ISitt. 348 Al
< rotenone?} deguelin 717} 4 mg/Le] %7} HE5 O
2 FEES T 2 F s Al HketaL, 44719
Aol whe} 33] RHE EEiSith 3982 rotenone 7t
deguelin®] HEF=/del tidlete] d2 w9t H7ksE9
s s3 AEeRlth AW A (intermediate
precision):> 5WH5 £ S AhEFHAKrelative
standard deviation, RSD, %)%= YERHCH
2n ¥ oa
REME MY
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Table 1. Analytical conditions for rotenone and deguelin analysis

Item Analytical conditions
Column Acquity BEH Cis(1.7 um, 2.1x100 mm, Waters, Boston, USA)
Column temp. 40C
Injection volume 5 uL
Time (min) Flow (mL/min) 0.05% Formic acid (%) Acetonitrile (%)
0 55 45
Mobile phase 10 55 45
13 0.5 100
15 100
17 55 45
Detector UV (295 nm)
::jj Rotenone é [ Sﬂ-mlllf {1 ]'I:lL] ]
:::: oA '3 - Liquid-liquid partition
aos] % X - { Dichloromethane 20 ml (= 3) + Distilled water S0 ml.)
2 oora] H & peguclin - [ Concentration J
::i |‘ “ o1 S Dissolution in 5% methanol in distilled water
0,002 [
] N [ HLB Clean-up ]

000 1.00 2.00 300 4.00 500 600 7.00 8.00 9.00

Fig. 1. Chromatogram and structure of rotenone and
deguelin.

o7 MARY. F AEL Ci column, 0.05% formic
acid 9} acetonitrile ©]%5732] UPLC 7171Z4dNA 242 &
Ao Aget el IMER JES B2 ¢ 4.06

7} 453 9] HFEAES VERITHFg. 1).

ZHIH

tgls FE558 s A715AA 5 A% rotenone
7} deguelin ENVI-Carb, Cis ¥ HLB cartridge JA1&
3l EAsk At stk 7l A T AR Al
o}x] ©]F cartridge®] 832 Lee 5(2013)% Lim &
(2014a)2] Aelx AZFE vk 9lrk ENVI-Carb9t Cis
cartridges otell AL 07 wjxste] 4k FEE
T715 A % matrine?} oxymatrine % #4)(Lim ef
al, 2014a)°ll AR FAPHE vgls 355 3 f71sA
Aol A-88k%le 77, #1321 rotenone} deguelin®] 3
TE0] 20% mIRIO|ATHA T AA)).

HLB cartridget= o }3¥l*H(dichloromethane) ¥} 7]
9 F2E &F 4715AA 5 limonoid Al 284 4wl
azadirachtin A, azadirachtin B, deacetylsalannin el
salannin®] $EA Al GAPH O R AREE vl QltiLee
et al, 2013). o] FAUHE diglx FE2&E & A7154A

O

* Condition: 100% methanol 2 mL

* Equilibrate: 100%% distilled water 2 mL

* Load: Dissolution in 5% methanol sample 2ml.
* Wash: 5% methanol 2 mlL

* Elute: 100% methanol 5 mL

——| (=l =

[ Concentration ]

ﬂ Dissolution in 100% methanol 2 ml.
[ UPLC ]

Fig. 2. Flow chart for rotenone and deguelin analysis in
biopesticides containing derris extract.
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Table 2. Validation parameters for rotenone and deguelin analysis

Materials Linearity(Rz) Recovery rate”(%) LOQ (mg/L) RSD" (%)
Rotenone 0.9997 95.7+4.0 0.085 4.1
Deguelin 0.9997 93.3+5.9 0.044 6.3

The data represent the mean values +SD (standard deviation) of three replicates

P Relative standard deviation (SD/Average “100)
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Fig. 3. Representative chromatogram of rotenone and
deguelin in biopesticide samples.

Table 3. Rotenone and deguelin contents in commercial
biopesticides containing derris extract

Samples  Rotenone (%)  Deguelin (%) Total (%)
1 0.001 <LOQ 0.001
2 0.236 0.258 0.494
3 0.079 <LOQ 0.079

28 747} 4,063} 4.53%-(Fig. 1), y=27743.6x+2358.5 (R’=
0.9997) %} y=8807 8x+842.3 (R’=0.9997)°.% #H#A9
AT} AGARR) e 255 FEaitTable 2). A RAR
3l rotenone? deguelin® LOQE 747} 0.0859F 0.044
mg/L, Hglh FEES EFHA > fTIEAl 4
mg/L Fo2 Ae F Xl;—z*é%ﬂ—ﬂ 3553} RSD:= 7t
Edy 95 77} 93.3%, 417 6.3%% FENZTH M PHsh= 3

£ 70-120%, RSD 10% ©]Hj¢] %78 F531tHRDA,
2011, Table 2). o)’d2] A= diglx 355 & 77154
A & AEAE rotenone?} deguelin A5 918 A7
& 2T A o] ARSEE AlAlSITE

ISR & K& =
el 355 3 71523 S #3381 rotenone
7 deguelin g3 FFstr] Sls) SElE AR =
AVt A 2rhE ) @ﬂé 7}7} Fig. 37} Table 3| e}
vk AR vigls FE= 3 715219 rotenone
I} deguelin?}%"% Z¥7} 0.001-0.2363 <LOQ-0.258% <r<
O% UEITHTable 3). Rotenonel| Trichostrongylus
colubriformis®} Haemonchus contortus % ™3t 50%

2| s (LCs0)= 217} 0.0549) 0.64 mg/Lo.2 dejA] QlaL
(Kotze et al, 2006), Deguelin®| Aedes aegypti 17l tl
SF LCsoi= 249} 48 AIRE 1% Al 247} 5.759) 2.63 mg/L2.
2 ¥4 v} QtkBosire ef al, 2014). WA E Ao A
AR AlFrs A1 AAS] AFARS] S AEES
5 st TS ol ] e Ao ATEA|N, {7
SAHA7F 100-10000] == 34 ekl ARGE= HE sk
AR Qe Y] FE7F LG el o]
2R Fohs AFE ek dygs 25 T A7
< rotenone} deguelin $32- A=HS 43 WS #
o] JloemR {7l F o5 el tish FAue
7} o] FojHof & Ao gt

2 B
g~ 1fAE 0 o|AELY Y] 5 diFo] A ay)
= Uehli= rotenone»} deguelin F %S "X~ &
kel

=
T 7l sAA Y] AN E A AR R HAE o
w, ANEH I HLB cartridges &-8-ste] AAlsta
UPLC 717134e &3 A 3R] JiAis g4sial
ot i.]"jﬁ% TS 286l dya FE= T A
3 Z*}Qﬂr A AFA AFAE
o] &R 5| Jéﬁ?l ol ol2A] Sk AlEE AT
e I s Q%Q AN dgas 58 &
7IEAAE Azl Slo] FAREE fg FAEH L
42 T s dew Ay
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