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Validation Study on Application of Cartap Determination Method by LC-MS to Ear-Corn Silage

SEKIGUCHI Yoshihiro™! and ITABASHI Aoi"
("! Kobe Regional Center, Food and Agricultural Materials Inspection Center (FAMIC)
(Now Nagoya Regional Center, FAMIC), *?> Kobe Regional Center, FAMIC

(Now Fertilizer and Feed Inspection Department))

We have made a validation study on application of a cartap determination method which had been
validated for corn and grass hay, to ear-corn silage (ECS). The method, which uses a liquid
chromatograph-electrospray ionization-mass spectrometer (LC-ESI-MS), has been listed in the Feed
Analysis Standard of Japan.

Cartap in ECS was extracted with hydrochloric acid (1:100) containing 1 w/v% L-cysteine
hydrochloride monohydrate, and cartap was hydrolyzed to nereistoxin with nickel (IT) chloride and
ammonia. The sample solution was purified with Chem Elut (Volume: 50 mL) (Agilent Technologies
Inc.; Santa Clara, CA, USA) and injected into a LC-MS to determine the concentration of cartap.
The LC separation was then carried out on an ODS column (ZORBAX Eclipse XDB-C18, 2.1 mm
i.d. x 150 mm, 3.5 pm, Agilent Technologies Inc.) with 1 v/v% heptafluorobutyric acid solution-
methanol (4:1) as a mobile phase. In the MS analysis, the positive mode electrospray ionization
(ESI+) was used.

Whereas a recovery test was conducted on ECS where cartap was added with 175 pg/kg, the
resulting mean recovery was low (28.3 %). Since low recovery results were similarly obtained for
corn as well, the cause unfolding test for this was performed using corn. The test result indicated
that the main causes of the low recovery rate might have been evaporation/dryness of hexane
solution and ionization inhibition at mass spectrometry. Therefore, a further recovery test for corn
was conducted with the application of different evaporation pressures, but no improvement was
observed in the recoveries.

Key words: cartap; nereistoxin; liquid-chromatograph mass spectrometer (LC-MS); electrospray
ionization (ESI); ear-corn silage; corn
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Cartap hydrochloride

S,S’-2-dimethylaminotrimethylene bis (thiocarbamate) hydrochloride
C7H16CIN302S2 MW: 273.8 CAS No.: 15263-52-2

Nereistoxin oxalate
N,N-dimethyldithiolan-4-amine;oxalic acid

CsH11NS2:C2H204  MW: 239.3  CAS No.: 1631-52-3

Fig. 1  Chemical structures of cartap hydrochloride and nereistoxin oxalate
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(oK) , e, 7o EF=T/K (HEEDFE28~30 %) KOTZF L7 U a— Xl HKEF
WA -, Kk, LC-MS | (8Lt 7 4 L 2ftHidisl) % Milli-Q Element A-10
(Merck Millipore ) |2 & 0 FG8 L 72 #8#fizk  (JIS KO211 O 5218 (2 S 7z idffik) %
Ay

2) T HTIVA 0 EEERTA IR

T E T A aiEEER (R b, Ton-Pair Reagent for LC-MS (9 0.5 mol/L &%) ) 10

mL Z/KIZENLTIL & LTz,
3) RTAARNFTUAEUER

2TAARF VU L I (BL7 AV AR, sRa R, M 98 %) 64.1
mg  EfEICES>T100mL OEET 7 AT AN, A¥ ) —NVEMZTHENL, LITEHREET
FVEBEZIMA TR T A A M F v UEEREZFHE L7 (Z0 1 mL X, RTIAA K&
LT04mg 2aH) .

FEAICEBLT, 274 AV UEREFKR SmL 2 100mL O &7 7 A 2 (ZIEMIC AN, ®
ICHERRE CAZ )= Z Mz, ImLFUCERTA AT L T20ug 2 a0 T HiA R L
o, ZOWRD—FERENTZ TNV O BBEER— A%/ —/ (4+1) TIEMIZAHARL, 1 mLH
WA TA AT ELTERERN 2, 25, 50, 100, 150 TN 200 ng Z & AT 5 K ALY 2
TR 7=,

AEP~DOWIZ Y T > TIE, RT7A4 A MV UERFEEZ A2 ) — )V CIEMRICHRL, #8
~IRntE, K<BEA L.
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ANE y TS (8 L7 A Vv AFneilisesd, 7Ry 3B, ME 98%) 25mg %
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ERFRRIZ, L-V AT A UHEfRE— K 10 g 28R (1+100) IENLTIL & L7z,
6) Hib=v 7 VKK
b=y (1) (MK) 2gZ&KIZEMLTI00mL & L7z,
23 HEEMOEGE
)y AyTq4r 730
T 47 01 SM-100 Retsch & ([al#z3% (f1£RK) 1430 rpm)
AT 47 I02: SM-2000 Retsch ® (BB E 1 mm A2V —, [ (fEER) 835 rpm)
2) ¥y - ZM-200 Retsch # (HB#E 1mm 227 U —, fffFE#E3 14000 rpm)
3) #RE HH : MW-DRV B AN TR (A RER % 300 rpm)
4) %A Y v+ F A Chem Elut (50 mL £/+F7/H) Agilent Technologies
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5) LC-MS :
LC #B : Prominence &S ERTHL
MS {5 : LCMS-2010EV &b 7t 5 {2 iy i
24 EEFE
1) fhoH
SIHTEEE 10.0 g 5> T 200 mL O 42 =4 7 7 2 2T A, B 100 mL Z0%, 30
Sy IR VIR CHiHY L7z, fhHR %2 50 mL o i O R E IZAAL, 650xg T 5 43 [ O 4y B
L, EEAUE 20 mL % 200 mL O3 =4 7 7 2 BRI AL, T VK fEcf3 2%
ABHERIR & LTz,
2) T vT U INKG fiE
ABHATR L= ALK 2 mL K OVT U E=T /K5 mL Mz 7% 15 5 RIE Y RE, &
WE T aX T A ARV ANMKGIEL, T DI 530 & LTz,
3) T LA
MENRR E LA Y O 2T JC AN 10 5 E L=, 300 mL ORI T 7 Aa%h
TADTICEE, BEHRRDOA> TN =7 T A3z ~FH 2 10mL $> T3 RPEHFL, ¥k
WRENER A T DM AT, WWEPFETAFO EMICET S ETHRRTSETRIA A X
VEBHESE, FICAXY 2 120 mL 24 T AL TRERICEH S§72%, BWHiRcT & b
VT LY a— (49+1) 0.5 mL ZMNZ 72, W E 37 °C LT OKE T 2 mL £
THRUEREME L-%, ET ETHBE L. ~NT X 7V AafEBRIER— A%/ —)L (4+1) 4
mL Z EFEICMZ TEREMEZENL, 5000xg T 5 oilm Lo L, E#EAEE LC-MS 12X 5
HE 3 2 3EHAR & LT,
4) LC-MS |2 X 2HIE
BRI R O T A4 A B F v UM 2 uL 2 LC-MS IZIEA L, @#IRA Aol (LLF
[SIM] EWH. ) Zua~v 7T 2% WESM% Table 1 IZ/R L7T-.

Table 1  Operation conditions of LC-MS

Column ZORBAX Eclipse XDB-C18 (2.1 mm i.d. x 150 mm, 3.5 um), Agilent Technologies
Mobile phase 1 v/v% heptafluorobutyric acid solution-methanol (4:1)
Flow rate 0.2 mL/min
Column temperature 40 °C
Tonization Electrospray ionization (ESI)
Mode Positive
Nebulizer gas Nz (1.5 L/min)
Drying gas N2 (10 L/min)
Heat block temperature 200 °C
CDL temperature 250 °C
Monitor ion m/z 150
5

HEohniz SIM 7~ b7 7 AL E—7SBS THBEEZRD THREREERL, BETD
FTAAMFVUEBZRBL, ZHIC183 ZFECCRETOI VY v TEEHE LT,
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Sample 10.0 g (200 mL Erlenmeyer flask)

——added 100 mL of hydrochloric acid (1:100) containing 1 w/v% L-cysteine hydrochloride monohydrate
— shook for 30 min

— centrifuged for 5 min at 650xg

transfered 20 mL of supernatant to 200 mL Erlenmeyer flask

Alkali hydrolysis

——added 2 mL of 2 w/v% nickel chloride (II)

——added 5 mL of 28 v/v% ammonia water

— shook for 15 min

Chem Elut (Volume: 50 mL)

—applied sample solution and allowed to stand for 10 min

— placed receiver (300 mL of eggplant-shaped flask)

—— washed 200 mL of Erlenmeyer flask with 10 mL of hexane (3 times)

— eluted with 120 mL of hexane

——added 0.5 mL of acetone-diethylene glycol (49:1)

Evaporateed to 2 mL under 37 °C and allowed to stand for dryness
|fadded 4 mL of 1 v/v% heptafluorobutyric acid solution-methanol (4:1)

LC-MS

(Cartap is quantified as nereistoxin. Concentration of cartap = Concentration of nereistoxin x 1.83.)

Scheme 1 Analytical procedure for cartap

2.5 TlEmEE
ECSIZDWTC, WAH v FaFEWHE LT 175 ngkg Y E (HEKRABHAKRT TXTI A4 A b F
&L TS55ng/ml) IZR25 X 9ICRIMEEICIEAL, —HHELZRIZ24 IS TEREL
SESICIIVESY 0N STABY I Y: R oY
2B, I REZ BN L ThLH v 7L LT 200 pgkg MBI/ D X 24TV, FEHH
RE~OHEL, FHROREZEDTOKRGEAREL 30 %4 T 20 %EMELT, FY OkoE
HE30%) FRE=EZY OKDEHRE20%) FTRE 1.14 DXLV ITo72.
EIBLAZLIZHONWT Y, HLX vy T 200 pgkg MY E (BERBHART TRTI A4 A FXv
&L T55ng/mL) IZRDX2ICHRMEEICESGL, —HFELICKRIZ24 1> TERL, F
PIIal I 5 B OV UG % SR & 7=
2.6 KRB RO K 585
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1) HEHERR DL DR
EIBAZLICARTA ATV MR % 400 pg/kg FHY & (¥ v 7L LT 732 ngkg
FIY B, REREHRIET TR IA A RF e LT 200 ng/mL) 12725 X 5 ICHIN#E L <REA
L, 241Zft>CER L.
2) HHEAEOMERR
WO Z TN ENFAEL, 24 K-> TERLZ. 2B, INVF Y TROEEXT A A b
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) LI9BAZLICANE YT % 200 pgkg Y& (REHABHERTFTTCRIA A MR e L
TS55ng/mL) IZ25 X2z L<IEAEL, 24 12> TR L2 0.

i) £9HAZ L 20g TS 200mL Z3RML, 24 10> CHBLZL D,

iii) i) DO Ly BER O EEARE 20 mL 12, B H v 7% 200 pg/kg FHM4 & ([F] 55 ng/mL) (273
LZEICHME%ECIEAL, 241> THBLEL D,

iv) WO T B VNMKGIRIEIZ, FTA AT EBDNE 7L LT 200 ugkg Y& ([F]
55ng/mL) 12725 K5It L<IEE L, 24 1> THB LZH 0.

v) DT A YT LT AN DEHIRIZ, FTAARNT U ANVE YT E LT 200 pgkg
Y& (A 55 ng/mL) 12725 X5 I2iRNE L<EAL, 24 1> TR L D.

vi) i) TIHEL L Z3EHAIRIC, R TA A RFT U E2BAZ v 7L LT 200 pgkg FHY & (A 55
ng/mL) 2725 X5l L <IBE L D.

AREIZBNTE, E2bAZ LiIdM Ty Z—L 3Bl bL0ZEHV, LC-MS 1FfFt s ¥ —
CREERE, DKy THEREFIR, 2 TA A XV UEEERIE LN LC-MS OF T AXFE—DH O
i LAY

2.7 RN ERAE O R

EDHAT L 20 g ITHIHIREE 200 mL Z I L T 24 129> TH T LLERE TITo72%, =7
AARARNXT U EHNE T E LT 200 pgkeg Y B (REREHART TRTIA A RFT LT
55 ng/mL) WML, X<|EE L%, EJI5M4% 250 hPa, 280 hPa & Y290 hPa ¢ 3 i 0 CTlE/E
BEAREEITV, 24 120> CERLTZ.

3 BRRUEBR
3.1 PlEMRES
25180 PIHMET 21T o 72, T OREEIL Table2 ® L350, EHEILRD 28.3 % & KW BT
Thoto., FHECMENRLW»ZEERT 20, BICRYMHERENA TS EIBLAZ LIS
ONWTHRBREIToT2E 2 A, 344 %EAFITEWEIETH - 7=

Table 2  Results of preliminary test

Spiked level (as cartap) Recoverya)

Sample

P (ng/kg) (%)
ECS 200” 28.3
Maize 200 34.4

a) Mean (n = 2)
b) Spiked level as air-dried basis

3.2 ARENN RO JFK 58
BEIC BN R SN TNDE I BAZ L THREINETH -7 b, RETH D ECS
DFEKTIEZe L, PFHEHEZRRZ L EEZ 200D, £9AZ LEHAWT 2.6 IZHEWREK
KR EToT-. RREFAOERICEL D LONEMHERT L2720, KB THEBKORBREZIT- 7.
FOFERIL Table3 D E B THoT=.
TR B A5 BT R OV R BHATR IR L 72 3 B IC IR A R E IR TFT L TWD Z &b, BER
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fig - FL[E B OR KL OA A AL EMRE RO ERJRN EE 2 btz £, HHESEENaT
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T A A NF T EREFR 2 S EORINETC B L7235 A &, 7 v U K fERic 1 v #
w TIEWERE RN UIZGE00 7 DL AR 7 A4 A MV UBEERZ IR LTI GE & 2 ik L
TEIXERL -T2 2 EN D, 3.1 OFRICHWTZ IV Z v TERERIZ T EEF OHIX 72 v
LoOLEZ LN

KB THRBROERNGEONT-Z LD, REIEOJRRIL, HBREHAOER TIERNI &
NEAIT T,

Table 3  Cause unfolding results of low recovery

Spiked level Recovery (%)
Stage of spike Standard solution as cartap Kobe regional b
(ng/kg equivalent) center” Headquarters
Before adding extraction solution Nereistoxin 732 57.8 57.6
Before adding extraction solution Cartap 200 44.1 50.1
Before alkali hydrolysis Cartap 200 50.1 55.4
Before Chem Elut treatment Nereistoxin 200 57.2 48.8
Before evaporation Nereistoxin 200 59.4 55.0
Final sample solution Nereistoxin 200 77.9 64.3
Not spiked — — ND? ND”
a) Mean (n = 2)
byn=1

¢) Not detected

3.3 BUERMEERAE O MR
2 ITHBWT, BERM - EOBEBEOBEMEENEDJRE D —2E LTEZ LN &h
B, 2.7 ZHEVy, WERMEANC AR 7 A A X 2RI UIESREOMEREZITo7. BiEETO
FREHITIRE S AE 2 37 °C LAF 280 hPaY CHEHE L 7= Z & 25, JEEI1E 35 °C T /1% 280 hPa D1l
(2 250 hPa W OMZ 290 hPa D 3 8V Z R L7c. Z DOfERIL Table 4 D L BV, WIERAMREDFE )
2282 THIEMER T 50 % L AREINEOEE ThH o 7.

Table 4  Recoveries at various pressure conditions of evaporation

Pressure condition Recovery”
(hPa) (%)
250 55.8
280 56.8
290 52.8
n=1

a) 55 pg/kg equivalent of nereistoxin was

spiked after Chem Elut treatment.
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