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Simultaneous Determination of Glyphosate, Glufosinate and
their Metabolites in Pet Foods by LC-MS/MS

Toshiaki YAMATA ™ and Satoshi YOSHIMURA

(! Food and Agricultural Materials Inspection Center, Kobe Regional Center
(Now Fertilizer and Feed Inspection Department),

"2 Food and Agricultural Materials Inspection Center, Kobe Regional Center)

An analytical method was developed to determine levels of glyphosate, glufosinate and their
metabolites in pet food using liquid chromatograph-electrospray ionization-tandem mass
spectrometer (LC-ESI-MS/MS).

Pet foods were spiked with glyphosate-13C2,15N. Glyphosate (GLYP), (aminomethyl) phosphonic
acid (AMPA), glufosinate (GLUF) and 3-(methyl phosphinico) propionic acid (MPPA) were
extracted with water. The extract was purified with two types of solid phase extraction mini
columns (Oasis HLB and MCX from Waters; Milford, MA, U.S.). Then the compounds were
derivatized with trimethyl orthoacetate. The sample solution was further purified with two other
types of SPE mini columns (Sep-pak Plus NH; and Silica from Waters) and injected into the LC-
MS/MS. The LC separation was carried out on ODS column (ZORBAX Eclipse XDB-C18, 4.6
mm i.d. X 150 mm, 5 pm from Agilent Technologies Inc.; Santa Clara, CA, U.S.) using 0.01 v/v%
formic acid solution-acetonitrile (93:7 v/v) as a mobile phase. In MS/MS, positive mode
electrospray ionization (ESI+) was used. The determined value of GLYP was corrected with the
recovery rate of GLYP-13C2,15N.

Spike tests were conducted on pet food. Dry dog food, dry cat food and semi-dry dog food were
spiked with 1 or 15 mg/kg of GLYP, AMPA, GLUF and MPPA. Wet dog and cat food were
spiked with the same compounds at 0.5 or 2.5 mg/kg and 0.5 or 3.5 mg/kg, respectively.
Recoveries ranged from: 88.2 % to 102 % for GLYP, 56.1 % to 110 % for AMPA, 88.3 % to 102 %
for GLUF and 81.9 % to 98.2 % for MPPA. The relative standard deviations of repeatability
were not more than: 8.9 % for GLYP, 22 % for AMPA, 10 % for GLUF and 11 % for MPPA,
respectively.

A collaborative study was conducted in ten laboratories using pet food spiked with GLYP,
AMPA,GLUF and MPPA in the following quantities: dry dog food: 2 mg/kg of GLYP or AMPA or
5 mg/kg of GLUF or MPPA; dry cat food 15 mg/kg of GLYP or AMPA or 2 mg/kg of GLUF or
MPPA; semi-dry dog food: 7 mg/kg of GLYP or AMPA or 2 mg/kg; of GLUF or MPPA; wet dog
food: 1 mg/kg of GLYP or AMPA or 2.5 mg/kg and wet cat food: 3.5 of GLYP or AMPA mg/kg or
1 mg/kg of GLUF or MPPA, respectively.
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The range of mean recoveries, repeatability and reproducibility in terms of relative standard
deviations and Horwitz ratio (HorRat) for each compound is reported as follows: GLYP:90.6 to
99.8 % with not more than 7.0 %, 8.7 % and 0.65; AMPA: 73.4 to 92.1 % with not more than 20 %,
24 % and 2.0; GLUF: 93.2 to 112 %, with not more than 15 %, 23 % and 1.6; and MPPA: 90.3 to
98.3 % with not more than 7.8 %, 11 % and 0.83, respectively.

This method was validated and established for use in the inspection of pet food for GLYP, GLUF
and MPPA.

Key words: pet food ; glyphosate ; glufosinate ; liquid chromatograph-tandem mass spectrometer
(LC-MS/MS) ; electrospray ionization (ESI) ; glyphosate-13C2,15N
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Glyphosate (GLYP) Glufosinate (GLUF)

HO oH HO
NH,

(2RS)-2-amino-4-[hydroxy(methyl)phosphinoyl] butyric acid

N-(phosphonomethyl)glycine
CsH12NO4sP  MW: 181.1 CAS No.: 51276-47-2

C3HgNOsP MW: 169.1 CAS No.: 1071-83-6
3-(methylphosphinico)propionic acid (MPPA)
O
I

i
HO R—
HZN\/P\\OH Y\/ N oH

OH o

3-(methylphosphinico)propionic acid
C4HoO4sP MW: 152.1 CAS No.: 15090-23-0

(Aminomethyl)phosphonic acid (AMPA)

(aminomethyl)phosphonic acid
CHeNOsP MW: 111.0 CAS No.: 1066-51-9
Fig. 1  Chemical structures of glyphosate, (aminomethyl)phosphonic acid,
glufosinate and 3-(methylphosphinico)propionic acid
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Table 1

Examples of ingredients of pet foods used in this study

Pet food types

Ingredients

Complete and balanced

dry type for adult dogs

Grains (maize, rice, wheat flour, unpolished rice, etc.), meat (chicken, etc.),
plant protein, oils and fats (palm oil, soybean oil, sunflower oil, etc.),
alimentary fiber (beet pulp), dehydrated protein, soybean, xylose,

vegetables (carrot, tomato), green tea extracts, sodium tripolyphosphate,
powdered milk, vitamins (A, Bi, B,, Bs, Bi2, C, D3, E, choline, niacin,
panthothenate, folic acid), minerals (Zn, K, Ca, Cl, Se, Fe, Cu, Na, Mn, I, P),
amino acids (glycine, methionine, cysteine), preservative (potassium sorbate),
colorant (caramel), antioxidants (mixed tocopherol, rosemary extracts),

pH adjuster

Complete and balanced
dry type for kitten or
cats in pregnancy and

lactation

Grains (corn gluten meal, wheat, cereal bran, etc.), meat (poultry by-product meal,
beef by-product meal, lamb by-product meal, etc.), oils and fats (beef tallow, etc.),
beans (soybean meal, etc.), dehydrated protein, fish (fish meal), tubers (potato),
dairy products (powdered cheeze, powdered milk), vegetables (vegetable meal),
minerals (Ca, P, K, Na, Cl, Fe, Cu, Mn, Zn, I, Se, Co), vitamins (A, D, E, By, B,
panthothenate, niacin, B, folic acid, B2, choline), amino acids (taurine,
methionine), colorant (food red no.2, food red no.102, food blue no.1,

food yellow no.4, food yellow no.5)

Complete and balanced
semi-dry type for adult
dogs

Grains (maize, wheat flour, etc.), saccharides (glucose-fructose syrup, sucrose)
meat (poultry by-product meal, beef by-product meal, powdered white chicken meat,
etc.), animal fat, beans (defatted soybean,powdered soybean, etc.), fish (fish meal,
dried small fish), brewer's yeast, powdered cellulose, vegetables (powdered spinach,
powdered carrot, powdered pumpkin, etc.), powdered cheeze, propylene glycol,
minerals (Ca, Cl, Cu, I, K, P, Zn), emulsifier, preservative (potassium sorbate),

malic acid, colorant (titanium dioxide, food red no. 106, food yellow no.4,

food yellow no.5, food blue no.1), vitamins (A, Bi, B,, Bs, Bi2, D, E, K, choline,

panthothenate), antioxidants (mixed tocopherol, herb extracts)

Complete and balanced

wet type for adult dogs

Meat (chicken, etc.), rice, carrot, maize, plant protein, alimentary fiber,
vitamins (B2, D, E, choline, panthothenate, folic acid), minerals (Ca, Cl, K,
Na, S, Zn), glycine, polysaccharide thickener, pH adjuster,

colorant (ferric oxide, titanium dioxide), coloring agent (sodium nitrite)

Complete and balanced
wet type for adult cats

Pork, beef, wheat gluten, chicken, sardine, powdered soybean,
soybean protein, glucose,minerals, vitamins, amino acids,

thickening stabilizer (processed starch), colorant (ferric oxide, caramel)
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1) 7'V AW — MEAREFK
VAR — MEAES, (oGl T 38 Wi 99.3 %) 0.1 ¢ Z IEMEICRE > T 100 mL D4 & 7

TAIZAIN, KEMZTENL, FIERETKEMZ T Y A — MEHERKEZRR L -
(ZOW 1mLiE, GLYP E LT lmgZ&AT 5 (£0.994) . ) .
2) T2 AFIVIR AR AR
T X AT IVAR AR RS (FiotpisE TR, M 100.1 %) 0.1 g Z IEfEIZ &> T 100
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3) TIR T p— MMEEERK
TR F— T =7 MMEAES (Dr. Ehrenstorfer 8, #li 94.5 %) 0.05 g % EfEIZ & -
T 50 mL O&®EY 7 A2 AN, KEMX TENL, FIEHRETKEMZ T VER Y F—
MEAEFEAF L7 (Z0@® I1mLlE, GLUF & LT Iimg2&AT5 (£0.895) . ) .
4) 3-AFNHRAT 4 =ar a4 IR
3B-AFNRAT 4 =ar a4 RS (FObMsE TR, §MAE 99.7 %) 0.1 g & 1EREIC
FEHoTI100 mL DEET7 7 AZAN, KEMZTENL, LITERE TKREMZT3-AF L
RAT7 f=a7ua A BEEREZFHL L7 (Z0# 1 mL %, MPPA & LT 1 mg 24 H
3% (~1.00) . ) .
5) LZERNARTREIE 7 ) RV — MR K O\ A A
YR — F-BC,,PN (BLF TGLYP-C,, "Ny &vv9 . ) #E%ER, (Medical Isotopes 4, °C,
M 98 %, N 98 %) 3 mg A EEICE > T 25 mL DERE T T X alZ AN, KEMAZTH
L, BITEEME TREMA TLERMAKTCHETE 7 VA — MEEFRKZRE L (208K
1 mL %, GLYP-"C,,"N & LTO0lmgaahad5 (115 . ) .
W, MO —E R A2 K CEMICAHR L, 1mL T2 GLYP-"C,,"N & LT 10pg 2 & H
T NAEHER A I L 7.
6) EIBEAIEERIK
7 VARV — MEERK, 7R — MEEFRIK, 7 I ) AF VR AR EEERERE L O
3BAFNRRAT7 4 =ara A U BERERKO —ER&EZEAL, TIKTEMIZHRL, 1 mL
112 GLYP, GLUF, AMPA X (X MPPA & L CTZINZI 100 ng =5 H T 5 IR A AR
TR 7.
7)) 0.01 v/v%X BRI
Xfe GRS, 98.0 %L EDOH D) I mLIZ/AKZMATIL &L, BIZZOH 100 mL 12K
ZMZTIL & LT,

8) AKMEOTEr=FIU NI, WKIa~ NI T7HEHW-Z. 78 b KO- T VX, 5%
BRI - PCB RBA A H W o, Fefe X, SRRk A iz, A0 MEEEE R Y A F L, BT
bRk T8 (MiE 98.0 %Ll L) b xEHW -

23 HEROGE

1) k7 a~ 7578 0 F ARVEESHTE
LC #B : Waters . ACQUITY UPLC System
MS 1 - Waters 8 ACQUITY TQ Detector

2) & O HAIMMILER A = —F— MW-DRV

3) OB AREBERTR T — 70 by TE L 4000

4) m—# Y —=x /KL —%— : BUCHI Labortechnik #! Rotavapor R-200 (EZfz> hr—F V-
800 fif )

5) fEHIREZERME 9 S RERTRL SNH-215S  (H 2A%HAY)

6) W5|~=7R—/ K : Waters f{ Extraction manifold

7 VE=AR_RrPr—N-E=itnl FUEBEAKRI =T L (500 mg) : Waters £ Oasis”
HLB 7 — RV v ¥ (U HF—"—% & 6 mL)

8) ANAKUVBEMivE= AL Br—N-E=rvrl) FOEEAEERI =T A (225 mg)
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Waters # Oasis® Plus MCX 7 — U w &
9) T/ Fub A UM U BA LI =H T A (360 mg) : Waters il Sep-Pak”™ Plus NH, 77
—rU w2V —"— (10mL) ZHEMHELZHD
10) Y UHBHFNLI=HF L (690mg) : Waters ! Sep-Pak® Plus Silica #— kU v ¥
24 TEEIFE
1 #h
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MK O —E &% 1,600xg T 10 o OoBEL, EEBAEO—ER&EZ/KTEMRIZ 2.5 %

WAL, BT LB I3 25 0RHEIKR & LT
i) 7=y Mg IHTEEE 10.0 g 28> T 100 mL O LILEE 2 AT, WEEYER 0.25

mL % EfECZ 7=, FIZ/K 50 mL Z00%, 30 /oREY RS T L7=1%, 1,600xg T 10

YREE L L, BB E 200mL DR T T X a2 AhT-.

EDILEAE N O SI2K 40 mL 2Nz, 2 30 B4R B CHi L72#, 1,600xg T

10 sy ODHEL, EBARELOEET 7 AIMA T, BIZZOEELZFEERIC 1 [E

Dk L7z,

ERT T AaADERETKEMNZ, ZOHRO—ER% 5,000xg T 5 ZyiELoyHEL7-#%,

B AIE A K CTIEREIZ 2.5 ISR L, 77 L0 1o+ 2R BRI & Lz,

2) T LALERT

ARV -N-E=rtn ) RUOLBESERI =0T L (500 mg) O FIZ ALK R
Efive=A_XrEBr—N-t=rtrl FOEEGEKRI =D T L (225 mg) ZEFEL, A&
J =6 mL UK 12 mL TIEKRGEHF L. (Ko~ =A—V FZ2EH L, i@ 2~3 mL/min &
L7z. LFREIC. ) .

S50 mL DORTIET T Azl 7 2O TFIZEE, FIAA-MGLAOE I NI 0§ TIEEH
Wi 1 mL, 7=y MU TIERENAIR 2 mL 24 7 LS IEREIC AN, KA T TAAIO i
ICETHECHRESEZ. HICKISmL 247 A%, EEARH S,

MK ZDBEDOKT200mL ORTHT T 222 L, HEE I+ 53BHAKR & LT-.

3) whEAKk

AHEHEIR Z 50 °C AT OKIBTIZ L A LT 5 £ CRIERM L2k, @RV AZE->THz
[# L7z,

FEfZ 1 mL KONV REEEE N U A F 0 4 mL 22 THEREDZEN L, B L TI100 °C T2
BFREINEN L 7= i L, 50 °C LT ORI TIE & A CHET 5 & TR L7-1k, @FE T A
ko CTHZE L7z,

Mg —F /v 4 mL & EfECINZ CTHREDZ R L, 7 DB I3 23R & LTe.

4) T LB

T/ 7ee I b U B SV =T A (360 mg) O FIZVI ATV =T A
(690 mg) ZuEfE L, MfET—F /L 10 mL THEF L (Kolv=A—V FZ2LHL, iE 2~3
mL/min & L7z. BAFREILC. ) .

AEHANK 2 mL 2RSS 7 AICIEREIZAIL, WEZFTETAFO ESZET 5 F Tt S ¥z,
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KRR F L 18 mL & 4 7 MMz, R S8z,

50 L ORFTIBET7 7 Aa%2 7 LD FICESE, T 10 mL 25 7 AT, KB F
TAAID EEsIZET 2 F TH R LT GLYP 58K, AMPA #FE/K MK Y MPPA 8k Z2 i &
.

Wi, 772 7abe Uik YV AFNVI =7 5%I1ET L, 7 =K (19+1) 10
mL %Y 7V =5 T AT Z T MPPA #%38 (K & ON GLUF # 8K 2 5 H S H 7.

WK % 50 °C LL N ORI TIlZ & A EHilE 3 25 £ CTRITERME Lk, ERT AL ko Tzl
L7z, 0.01 v/v% XK 2 mL & IEFEICINZ TR AR L, K7~ N7 7807 M
BB B HTRHC X D MEICHET 23 EAIR & L7z,

5) FEAEW OFERAL

BB AERERE 1| mL M OWERER 1 mL % 200 mL O3 7 7 2 2 ZIEMKICAR,
50°CUATOKIBTIZE ALHET D E CRIERME L%, ERTAL L TEE L.

FEfE 1 mL LAV REERE N U A F 0 4 mL 2 CTHEREMZRM L, HERLTI100 °C T2
BERINEL L 7= i L, 50 °C LT ORI TIE L A CHE 5 & TR RN L7-1%, @FET A
ko THzlE L7z,

0.01 v/v% XK 10 mL Z IEfEICINZ THREW 2o L, BICREEBEE CERICHRL, 1
mL H1Z GLYP, GLUF, AMPA %X MPPA & L CTZNZEH 1.0, 2.5, 5.0, 7.5, 10, 25, 50,
75 B TX 100 ng FH4 B ONZ GLYP-C,,°N & LT 0.10, 0.25, 0.50, 0.75, 1.0, 2.5, 5.0, 7.5
FO10ng Y EZ G AT 2 HKIEERZREL 2.

6) k7 n~ ~2T5 7820 F LDERSHEHT X HHIE

REHATE M OV 4 5 ul 2k n~ N7 7 7 2 05 MRVEBSHRHCIEAL, iR

POGHEH 7 v~ 7T NEfGT-. WESRM%E Table 2-1 OV 2-2 (TR L7z,

Table 2-1  Operating conditions of LC-MS/MS

Column Agilent Technologies, ZORBAX Eclipse XDB-C18
(4.6 mmi.d. x 150 mm, 5 pm)

Mobile phase 0.01 v/v% Formic acid solution - acetonitrile (93:7) (12 min)
- 3 min - (5:95) (10 min)

Flow rate 0.2 mL/min

Column temperature 40 °C

Ionization Electrospray ionization (ESI)
Mode Positive

Desolvation gas N,, 400 °C, 800 L/h

Cone gas N,, 50 L/h

Ion source 120 °C

Capillary voltage 3kV
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Table 2-2  MS/MS parameters

i Precursor Product Qualifier Cone Collision
Target ion
(m/z) (m/z) (m/z) voltage (V)  energy (eV)
GLYP derivative 254 102 152 22 17
GLYP-"C,,"N derivative 257 105 154 22 17
AMPA derivative 182 111 140 20 12
GLUF derivative 252 210 150 26 14
MPPA derivative 181 149 93 21 14

7w H

BONTRIRMGHRE 7 2~ b7 A0v5 GLYP #5E{K, GLUF #5E{K, AMPA 7%k,
MPPA #%fk & T8 GLYP-"C,,"N #Fisifko v — 7 Wiz R THRERZIER L, BT
GLYP #, GLUF &, AMPA &, MPPA &} OB T O GLYP-C,, "N #E (i i 4 5 1
L.

FIC TR LY, GLYP-"C,, "N OEULHE THiIE L2 B o GLYP &% R 7z.

B O GLYP O EfE = 3B o GLYP & x 2.5 + 3UEHEIK D
GLYP-"C,,”N ## % (ng/mL)

TEEFEOWE % Scheme 1 IZ/R L 7=,
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Dry and semi-dry type pet foods Wet type pet foods

10 g of sample 10 g of sample
——add 5 pg of GLYP-"C,,”N ——add 2.5 pg of GLYP-"C,,"°N
——add 200 mL of water and swell for 2 h at 60 °C ——add 50 mL of water and shake for 30 min
— shake for 30 min —— centrifuge at 1,500xg for 10 min

—— transfer supernatant to 200 mL volumetric flask
—— add 40 mL of water and shake for 30 min

—— centrifuge at 1,500xg for 10 min twice
—— transfer supernatant to volumetric flask

— fill up to 200 mL with water

—— centrifuge at 1,500xg for 10 min — centrifuge at 5,000xg for 5 min

——add 1.5 mL of water to 1 mL of supernatant
MCX-HLB joint cartridge (attach MCX under HLB and wash with 6 mL of methanol and 12 mL of water)
apply sample solution

(1 mL for dry or semi-dry type pet foods, 2 mL for wet type pet foods)
—— clute with 18 mL of water
transfer to 200 mL eggplant flask
—— evaporate at 50 °C and dry with nitrogen gas

Derivatization

add 1 mL of acetic acid and 4 mL of trimethyl orthoacetate
— plug air-tightly and heat for 2 h at 100 °C

—— cool to room temperature

evaporate at 50 °C and dry with nitrogen gas

add 4 mL of ethyl acetate

NH,-Silica joint cartridge (attach NH, under Silica and wash with 10 mL of ethyl acetate)
—— apply 2 mL of sample solution

wash with 18 mL of ethyl acetate

—— elute with 10 mL of acetone

——remove NH, cartridge

Silica cartridge

— elute with 10 mL of acetone-water (19:1)
evaporate at 50 °C and dry with nitrogen gas

——add 2 mL of 0.01 v/v% formic acid solution
LC-MS/MS

Scheme 1 Analytical procedure for GLYP, GLUF and their metabolites in pet foods
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3.1 LC-MS/MS &S0 Hast
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32 BTy X —iEomEH
TAREINZ M B 7 A 8512 GLYP, GLUF XU MPPA & L CENZ4L 1 mg/kg 24 &4 RN
L7=ilBh &2 Vv, BT vy ¥ —{EICi-> T 3 AT O 21T o72. ZOREE, Table 3 O &
BV, GLYP OEIENMELS, EFEbox b REhol.

Table 3 Recovery test conducted by JFRL method
Timing of One night before

Just before analysis

spike analysis
Analyte - - -
Spike level ~ Recovery® RSD,”  Recovery® RSD,"”
(mg/kg) (%) (%) (%) (%)
GLUF 1 99.7 23 105 7.3
MPPA 1 89.0 6.7 90.6 8.0
GLYP 1 442 15 52.6 28

a) Mean (n=3)
b) Relative standard deviations repeatability

ZORKNZMHERT D720, FREHZOWT, RIAEOLBME (TL i)~il) THREHAKZ 1/10
AR LIZBA D GLYP O EREA BMSHT o Z —EIck v o n-E&E (100 %&$5)
L LT, ZORRIIUTO LB ThY, HHEMSOEEIZLY LC-MS/MS HIERD A 4
NEBRE R OFFERA O FE TR Z > TVND Z EBNRB Iz,

iy 7/ 7uev Uik U B s v B viERE S T ALER, LC- - 116 %
MS/MS 12 X 2 HE ORI FUBHE K 2 10 %547 R

i) FEMgIL, T T AN Y AN A VEEES T A e 121 %
RLER D FNCRREHATR & 10 7R L, DL o ALe

i) fhH%, FERILORNIEEHEKZ 10 AR L, LIEOWLE 150 %

3.3 FHEMR(LETO N T LFER OB

GLYP %3 A A U RBEMEDRIETH D72, ko BB LTI B IR AL O AL SRR A
BzA A RMBE T 7 DMK AR AT TS, BT & —iEIE, YBEZERE LT
ZEDPHED 1 HOTHLN, HEMEOREL RO SENCREOK T 2 MG+ 5720, 77 LK
OB AEHF LT,

AR o BT BRI THUE STV DB EVERE A A U R iR A v~ v 7 1x2 CITAL (L
~FT7 7 A8 F, du<F T AOQBUTH L 0 ZITE S TW RN T L R UURRE D
LC-MSMS IZ X W HIET 272Dl EIZ b & T W &b, I=F722H0n52 L L L
7z.

TR A 4 o AR I = F & (Varian (3l Agilent Technologies) #! Mega Bond Elut
SAX (1 g, 6 mL) ) IZXDWAE, WHEMRF LD, RELFHEOHSIDPRNETH >0,
WHAE — R RO A A A — FIC K DR BHEIR O3 O % 3k 7 7z

AR K7 A BULIC GLYP % & L T4 10 mg/kg 2% B2 RN L 72588 10 g 127K 200 mL Z /0
Z, 30 MRV IEE CTHItH L7, LB A A /K CIEMIZ 10 5 R L CRBHEIK & L7z,

2 FFEHOWHI =7 & (Waters B Sep-Pak Plus C;g (FE CAAKI&E 360 mg) KT Waters H
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Oasis HLB (FE CAHIE 500 mg) ) O NIZENZNGA A U ZHIEI =57 A (Waters B Oasis
Plus MCX (FECAAIE 225mg) ) Z#E#FE L, A%/ —/L5mL KOUK 10 mL CHAKR S L7z,

50 mL DR TTET T AL ZNENDAT LD FIZES, WEHEK 2 mL $2%2% 5 7 L1200
Z, WHMNFETAAO EHGIZET 2 F T F LT GLYP & St72. K 10 mL 2475 7 A&
N &, [AERICHREH & E 7z,

PIF, 2.4 O 3)OFHERLEDOENEEZITV, LC-MS/MS IZ X Z2IEICf: L7z,

ZDORERIT Table 4 DL BY THY, WMHLEMTH S GLYP 282U 7 /L_—Z D Sep-Pak
FECAFNRFF SN D ATREED RO HAL, AU~ —FROD Oasis HLB DEHRE L TWDH EEZ D
.

BT o 2 — I L B RENA TR M OF Oasis HLB, Oasis Plus MCX 57 7 A2 L 0 RFRLL
TEREHR D h—2Z N A A rm~ 87T (TIC) OFIE Fig. 2 LBV THY, YiZdiEh
7 LIZEY GLYP FEARORFFRFFICELN D KM D3R E S, A A ALPHE D 520 iRk
SNDHZT ENBFI.

I, MELESE N T LB O GLYP FOUME Sy MR T 5720, KA T A8 RO
KT A8EE 1FEEZ 2.4 O D)O DIZHE- TREEL, 2)OH T A0 TIZEB W CHRENA 1 mL (12
GLYP, GLUF & TN MPPA & L T# 200 pg fRY EZMZ, EOHOHIK%E 47 E LT 3)OFkFE
RALLAE DB AT > 7=, ZFDFEHEIL Table 5 D& F 0 THY, /K 6 mL THIESFRESSDIF &
AERTRH L TR, SO7H/KI18mL Tiili&®5Z & & L.

L2ovL, [AEEORMEIGRERIZE VT, GLYP OEULED 40 %t &bk SR KT A
R BED LN, KRS OEBIIEB L TWEEEbNSZ s, AR+ THD
ATREMER B 2 Tz,

Table 4  Recovery test with two types of reverse phase - cation exchange joint column

Reverse phase mini-column  Sep-Pak Plus Cs Oasis HLB
Spiked level (360 mg) (500 mg)
Analyte ) >
(mg/kg) Recovery” (%) Recovery™ (%)
GLUF 10 92.1 98.0
MPPA 10 94.0 99.2
GLYP 10 49.0 79.1

a) n=1
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Table 5  Fractioning test of the effluent from Oasis HLB - Oasis MCX joint column

Sample solution

Fraction
Pet food types +0~6mL 6~12mL 12~18mL
Analyte Recovery Y (%)
Dry type for dogs GLUF 109 0.49 0.10
MPPA 86.6 0.24 0.07
GLYP 97.2 0.07 ND
Dry type for cats GLUF 98.3 0.42 0.11
MPPA 87.4 0.32 0.22
GLYP 109 0.08 0.05
a) Mean (n=2)
Retention time of Retention time of Retention time of
GLUF derivative MPPA derivative GLYP derivative
=]
e
s
=
5
E
= (@
2
‘ ‘ ‘ ‘ ‘ )
5 6 7 8 9 10
Retention time/ min

Fig. 2 Total ion chromatograms (Scanned range: m/z 50 ~ 500)
(Baselines were shifted to distinguish them easily.)
(a) Sample solution of dry type pet food for kitten prepared by JFRL method
(b) Sample solution of dry type pet food for kitten prepared by JFRL method
added purification with Oasis HLB - Oasis Plus MCX joint column

(¢) Standard solution

3.4 WNEEHEME ORI X 2 EIEE O IE

KHARZ A8 T, GLYP DNMEEULE 223 B8 H 0, AR+ O gEME N R S i
2 linb, RERMAITHE TER L GLYP-"C, N 2 Y & LTV, EIRZ M IE
THZEERELE.

GLYP-"C,,"N HH#E L 1X 5 mg T$ 2,120 LHEFICHEMTH Y, HREIOSH TEZREICH SR
W EnD, RIRFNLAFRL O GLYP (Native GLYP) Z5DFEHERRICxE L C 1/10 ¥REE OFEHERK

(10 pg/mL) ZFGMHRIICHT L2 L& L.

WHE OWNEEEE T, SRERHEERIC - EREONIEEMENEEND L O ICHET L2
¥, Native GLYP KT8 GLYP-"C,,"N 2 ZhZNFE MRS EDL L LRbNn, ToLHicT
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% &, Native GLYP &8 GLYP-"C,,"N % 1 2D AR T 7 5 2 a N THEMI L= BEI1T T
GLYP-"Co,"N KD B — V8RN 5 ~ 10 %R T L7z, & D GLYP-"Co,°N B4 7 AR D /e
T T 7 A aDORBEFICRESNIZAREERB XL, SENABRKIFEMIND Z &b,
GLYP-"C,,"N 0 #%E ik{ki%, 10 ¥ E D Native GLYP % OfF7E FCfF5 2 & & L, GLYP-
B0, N B O R B R % (ERE L CRUBHAT P @ GLYP-"Co,°N I ko, #kh o Native
GLYP &% GLYP-"C,,"N D[alL s CHl > THIETHZ & & L.
3.5 s

22 O SHIZHE- THB L7 GLYP, AMPA, GLUF &KUY MPPA & L T4 1.0~100 ng/mL #H &
A TNE GLYP-"C,,°N & LT 0.10~10 ng/mL FH4 EOREHERR 4 5 ul % LC-MS/MS IZIEAL, 5
DI ERESHEH 7 v~ N7 A0 b =7 HEZHWTHREREZEKR L. §oN0THRER
O—fliX, Fig. 3 ® A b E £TOEEY THY, GLYP, AMPA, GLUF & (" MPPA Tii%
1~100 pg/mL FHY & (FEAE L LT 5~500 ng HY4 &) O#iPH, GLYP-"C,"N Tix 0.50~10
ng/mL FHY & (FEA&EE LT 2.5~50 ng fHY &) O CEMAMELZ L. E—2EmSZHWT
b RSO EMREISE BT,

A) B) ®)
3z Z z
s 2 s
5 5 =
< £ 2
= = g
5 5] 5
= e -
< < <
v v v
[+ < <
(5] [ [
- R>=0.9993 - R2=0.9992 A~ R2=0.9995

0 25 50 75 100 0 2.5 5 7.5 10 0 25 50 75 100
GLYP (ng equiv./mL) GLYP-3C,,*N (ng equiv./mL) AMPA (ngequiv./mL)
D) E)
2 &
2 2
5 =
S ©
= e
< <
3 =
[ ]
- e
< <
A~ 2
[+ <
[ [
~ R2=0.9993 ~ R2=0.9996
0 25 50 75 100 0 25 50 75 100
GLUF (ng equiv./mL) MPPA (ngequiv./mL)

Fig. 3  Calibration curves of A) GLYP, B) GLYP-"3C,,"N, C) AMPA, D) GLUF and E) MPPA
by their derivative peak areas in selected reaction monitoring chromatograms

3.6 S ORRE
(1) BB AT R BRI K D
RKH FZ A 8512 GLYP, AMPA, GLUF T8 MPPA & L T4 1 mg/kg tHY &% RN —&K
HriE U772 sB 2 VY, R AT SR ENGEE I X 2 i (K 200 mL #0 % 721%% 30 RS 5.
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BTz 2 —ELRIC. ) 21TV, ZORITIAREICE > TRINEIGRER (n = 5) % E
L.

ZOFRERIT Table 6 DL BY THY, NIEEWEOHEHIZL Y —EOMIEDRNFED b
BT, ~HHEOHRIC GLYP 2RBHIR AT 2% L Tt s hic< <> THY,
MEO LB A BT 5 EHER ST,

723, AMPA X GLYP & FIERICIEIEME T L7z,

Table 6 Recovery test of GLYP in dry type pet foods for dogs
without swelling of samples with water before extraction

Compounds GLYP (corrected) GLYP-"C,,"N GLYP (raw data)
Spiked level Recovery® RSD,” Recovery ©® RSD,” Recovery  RSD,”
(mg/kg)  Replicate (%) (%) (%) (%) (%) (%)
1 5 67.6 5.5 48.8 25 33.2 28
Compounds AMPA GLUF MPPA
Spiked level Recovery  RSD,"” Recovery  RSD, " Recovery  RSD,"”
(mg/kg)  Replicate (%) (%) (%) (%) (%) (%)
1 5 43.3 32 96.2 11 89.0 8.0

a) Recovery correction was applied by dividing raw data by each recovery of GLYP-"’C,,"’N.
b) Relative standard deviations of repeatability
¢) 1 pgof GLYP-"C,,""N was added to each 10 g-sample.

(2) MBI OB

BREIE N ED B EE O GLYP O43#1iE P TlE, GLYP MNEE LaEICHA L TWD Z & o
5 80 °C T30 mHEEFHAH LIEBIRE ST 2L RoTW0ND. 72, BMOITICEK
WTh, REEOREZABEOREI T, 2 FHBESE T LM EZITo TV LR &
L EDBEREG TN, 2O, HHEE OB L ORI &85 A & o217 - 72
KA R T A 85I GLYP X TONGLUF & LT 1 mg/kg FY B Z2 RN L7I-% —KiFE LziehHc
DT, TRZEN 40 °C, 60 °C K80 °C T2 FERIZME S E7-% 30 pfIE L 2L, =0
BARIEIC > TERE (n=1) #1To7 & A, GLYP OREILHEIL, ZNEI 63 %, 75 %KW
79 % Toh-o7=. 728, R L7 GLUF OEIRIZZENEN 92 %, 95 %% TN 106 % TH
o7, —J5, RREHZOWT 80 °C d/kE AN =BG kistE (REFEMELRL) T 30
MBS AAE L% ERRICER (n = 2) L72H4E, GLYP OFIULERIX 71 %, GLUF O E]IY
L 43 %R T Lz, IREREWIAMESRITEE DS T, BOZEMESEIZ LY BIER
KT 25 Z o 7o ATREME S R S 47

SO EMRET LD, SEAGE (L5 A LEOYT S FRARGEE) &AW,
80 °C T 1~2 WRIIAHE S-S ER LIZ & 25, GLYP-"C,,"N ORIERNEHH A5
LTIl %, $h9 5 BERABAEE T 47 % & KIBIIKT L. 70 °C TH FERICEIROMK T
WAz, FREIERE CE 20, REFOTASABHIE L, JE XIS Ol % FHL5E
LTWDD TRt figsns.

ZDT, MBVEEIZ 60 °Clciz bl b Lz, £/, SEMABAEREZ WP
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TiX, 2 FFHZE S E7256 & 30 SREBERA LIZGA L T 7 U 7 HICHER 2o T
TEND, XU ZMRLERICEE U, TR0 e 5 e E R R N T 2 TR E L T s
ThbikReE SHIHT 2 HEELBRM L.

RIEOHERMEA MR T D720, SEEORA NI A ®ELE2 By, ImINEIGRER (n=1) %53
it L7z

ZOFEFRIT Table 7 DBV THY, WTFROREHTB W THRED 2 WEILR NS iz,
o> 4 FfR L0 BIER AN LR o 72 1 il (BUBE No. E) 13, M7z A BE XK OHAEN O &
W RABAREBER ChH o7, BB L LTINR, M7 L it L7256 oBRIEE fft Lz,

Table 7 Recovery of GLYP in several dry type pet food for dogs by two extraction methods

Extraction Swelled at 60 °C. Without swemng Nutrients (as labelled)
method for 2 h before shaking before shaking
Sample Spiked level GLYP GLYP-"C,,°N GLYP GLYP-"C,,°N  Moisture ~ Crudeprotein  Crude fat

(mg/kg) recovery (%)  recovery (%) recovery (%)  recovery (%) less than (%) more than (%) more than (%)
A 2 86.8 61.7 67.0 88.4 10 20.0 8.0~9.75
B 2 103 722 92.2 78.4 10.5 23.5 8.5
C 2 102 72.6 106 57.7 9.5 22.0 12.0
D 2 95.6 74.9 58.0 82.0 10 21.5 13.0
E 2 80.2 56.2 67.9 62.7 10 28.0 18.0

3) U=y FESOHH

3.7

KpGaENPEmNY =y MUK T, R EZERTL20LERNH Y, Al TE oA AT
IMENRD L. UL, ZEBiW A RO AKMHRIZRET 2023 % <, W5l AT AR
ARECTH o 7o/oh, HOILBENTHME ATV, ELOoHES EBARE2ET 7 XA 2|28
EEGVIRTZE L L. 72720, ZOHFETHRBNAKIZERIZZ b2W2D, 51T L0
(9 2 BT Doy Bl B LT

100 mL O OIREE N T 21T 5 546, 2 MEO Y = v MLIZOW THREBHREUE 10 ¢
£ 20g Ll &R (n=1) LIFSEE, 10 g ®J72 GLYP-Cy, "N OEIEN 10 %Ll Em<, £
7z, BAEOIRE L 72 5 HIRE A~ OO RN Doz, 2D, BEHEREIL 10
g bl vy MEETIE, RIALEVSERERAZ TTLI2UNERH LD, T17 LA
H I CORBHARGREZ NI A /GO0 2F L Lz
5 E W Okt
BT X —iEn O, BRFIEZER Lz, D Tr/u~ /7 A5 ETEREY

FETLOE =27 OFEICONTHE L.

RO Z BB G R BT A Bah 6 18, MM FZ7 0 ®in 2, RAEI FT7 85021,

RAY =y PG 2HE, MY = ME 2 ) , KIECSHE > TO&1T > 2fR, GLYP %0

E

BREGETHE— 7 TR LNT, REEXZEY A SEOREE VICR 5 %S EkRICE

T oEPMEOREEZ 2 LT,

3.8

fcﬁj;s) ?Ef Eﬂf:%*ﬁ}iﬁ;*ﬁﬂj& o< ]\7§AO)—{§|J;E Fig. 4A)¢Zi_\‘ L7-.
NI EIERY
RKARTA8E, BHFIAWLEORAEI F7 481 GLYP, AMPA, GLUF K& O°

J

MPPA & L T4 1 KON 15 mg/kg fRY EZIFMN L 7=3kk, RKAY v PG UKD ERE 86 %L
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F) IZ GLYP, AMPA, GLUF X T*MPPA & L T# 0.5 K ON2.5 mg/kg FHS & (K53 10 %Il B
LT 3.1 XU 16 mg/kg) WA D = v MRS OK3FRRE 80 %LA ) IZ GLYP, AMPA,
GLUF O MPPA & L T4 0.5 X TN 3.5 mg/kg FHY & (K53 10 %IZ#%H LT 2.2 LT 16 mg/kg)
ZUIN L7230 2 O T 5 SRR LIS X 2 el kB & 526 L 7-.

B R L OB B I EHE O L VIR D 2 U MERGRIC IS T B B K O THS EE 0
LD LIZFHi OB EIIUTO LB THS.

ek, HoNEEIRKGH 7 v~ N7 T LD —f% Fig. 4 B)IZx L7z,
1) GLYP GLYP O3 #i#fE %X Table 8 D &0 TH VY, &TOFEL, WINX THEIRE K O

FEIXHEOHEANTH - -

F£72, GLYP-"C,,"N OEIRIL, ©TORE, WX T 40 %ZiBz T-.

Table 8 Results of recovery test (GLYP)

Pet food types Dry type for dogs Dry type for cats
Spiked level Recovery” ¢ RSD,® Recovery”? o RSD,?
(mg/kg) (o)  (mgkg) (%) (o)  (mgkg) (%)
1.0 101 0.064 6.4 102 0.030 29
15 95.3 0.75 5.3 101 0.32 2.1
GLYP-"C,,"N ¥ 70.6 11 91.7 4.6
Pet food types Semi-dry type for dogs
Spiked level Recovery? ¢  RSD,?
(mg/kg) (%) (mgkg) (%)
1.0 101 0.082 8.1
15 101 0.43 2.9
GLYP-"C,,"N ¥ 98.1 4.6
Pet food types Wet type for dogs Wet type for cats
Spiked level Recovery? ¢ RSD,® Recovery”® " RSD,?
(mg/kg) (%) (mgkg) (%) (%) (mgkg) (%)
0.50 88.2 0.032 73 90.8 0.018 3.9
2.5 89.8 0.20 8.9
3.5 98.3 0.089 2.6
GLYP-"C,,"N 9 69.8 12 78.2 10

a) Mean (n=5)

b) Standard deviations

¢) Relative standard deviations of repeatability

d) n=10. 0.5 pgof GLYP-"C,,"°N was added to each 10 g-dry or -semi-dry sample.
0.25 pug of GLYP-"C,," N was added to each 10 g-wet sample.

2) AMPA  AMPA DO 5HrfERlE Table 9 DB THVY, RANT A8, KAy M
mn MO D = > ML OIRRERMX TEINERO BAEE (80 ~ 110 %) % FEI-7-. F7-,
ERIZOHMTREE D RSD BMLOPEMGEHE LV @mHTHY, RAEI N7 4 8o mmiRE
WX K ORHAY = v NGO ERERMX T RSD OFHE (Horwitz (EIEXUZ L D 15 mg/kg
T® PRSD =10.6 %, 2.5 mg/kg TP PRSD=13.9%) %Az T\ 7.

AMPA DOHTE, —#H OB CEREIL E 72 572 & GLYP E RO ZFEB 2R L), K
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a2 TOREBHIE M 27201203, LERMA TR L2 NIEEME S 2 IV TOodrE 2 4
ETOUENDD EZZ DI,

Table 9  Results of recovery test (AMPA)

Pet food types Dry type for dogs Dry type for cats
Spiked level Recovery? ¢ RSD,” Recovery® o¢° RSD,?
(mg/kg) (%) (mgkg) (%) (%) (mgkg) (%)
1.0 58.3 0.072 12 84.2 0.13 15
15 78.8 0.87 7.4 97.8 1.2 8.4
Pet food types Semi-dry type for dogs
Spiked level Recovery” ¢  RSD,?
(mg/kg) (%) (mgkg) (%)
1.0 95.8 0074 7.7
15 110 1.8 11
Pet food types Wet type for dogs Wet type for cats
Spiked level Recovery? ¢ RSD,” Recovery® o¢° RSD,?
(mg/kg) ()  (mghkg) (%) ()  (mghkg) (%)
0.50 72.9 0.039 11 56.1 0.040 14
2.5 70.8 0.381 22
3.5 83.9 0.17 5.9

a) Mean (n=5)
b) Standard deviations

¢) Relative standard deviations of repeatability

3) GLUF  GLUF ORI Table 10 ® L B0 TH Y, & ToORE, UMK TREITZE K
FEEIREOHPENTH - 72,
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Table 10  Results of recovery test (GLUF)
Pet food types Dry type for dogs Dry type for cats
Spiked level Recovery” ¢ RSD,® Recovery®” ¢ RSD,?
(mg/kg) (%)  (mgkg) (%) (%)  (mgkg) (%)
1.0 96.5 0.053 55 88.3 0.020 23
15 96.4 1.5 10 92.2 0.33 2.4
Pet food types Semi-dry type for dogs
Spiked level Recovery” ¢  RSD,?
(mg/kg) (%)  (mgkg) (%)
1.0 102 0.076 7.5
15 100 0.36 2.4
Pet food types Wet type for dogs Wet type for cats
Spiked level Recovery” ¢ ” RSD,® Recovery” o RSD,?
(mg/kg) (%)  (mgkg) (%) (%) (mgkg) (%)
0.50 102 0.030 59 101 0.023 45
2.5 102 0.14 5.5
3.5 106 0.13 3.6
a) Mean (n=5)
b) Standard deviations
¢) Relative standard deviations of repeatability
4) MPPA  MPPA Op#ifERIL Table 11 O B0 TH Y, & TORE, WX TEIILE KO

FEIREDOFMHAN TH - 7.

Table 11 Results of recovery test (MPPA)
Pet food types Dry type for dogs Dry type for cats
Spiked level Recovery” ¢ RSD,® Recovery®” ¢ RSD,?
(mg/kg) (%)  (mgkg) (%) (%)  (mgkg) (%)
1.0 84.0 0.061 73 84.8 0.049 538
15 95.4 0.27 1.9 88.6 0.15 1.1
Pet food types Semi-dry type for dogs
Spiked level Recovery” ¢  RSD,?
(mg/kg) (%)  (mgkg) (%)
1.0 98.2 0.091 93
15 91.8 0.80 5.8
Pet food types Wet type for dogs Wet type for cats
Spiked level Recovery” ¢ ” RSD,® Recovery” o RSD,?
(mg/kg) (%)  (mgkg) (%) (%) (mgkg) (%)
0.50 81.9 0.015 3.7 85.0 0.036 8.5
2.5 88.1 025 11 - - -
3.5 - - - 91.6 0.13 39

a) Mean (n=5)
b) Standard deviations

c) Relative standard deviations of repeatability



N

ZHEREEIROE Y V7 2 JBEREBIEOKIK I n~ N7 T 72 T ARV RSHEHC L D RIREERYE 133

A) B) . iv
iii \ /
‘2 @ 11
5 E |
£ : |
>, &
Z Podi i v = !
5 &
= 2 A\
—_—— jk:
] ' ] ' ] ! [} ; 7 ; T : T : ]

0 2 4 6 8 0 2 4 6 8
Retention time/ min Retention time/ min

©)

Intensity/ arb.units

UL

0 2 4 6 8
Retention time/ min

Fig. 4  Selected reaction monitoring chromatograms
(Arrows indicate peaks or retention times of 1) AMPA derivative, ii) GLUF derivative, iii) MPPA derivative,
iv) GLYP derivative and v) GLYP-">C,,"’N derivative, respectively.
Three graphs are drawn in the same scale.)
A) Blank sample of dry type petfood for dogs.
B) Spiked dry type petfood for dogs (Spiked levels were 1 mg/kg for AMPA, GLUF, MPPA and GLYP,
respectively.)
C) Standard solution (5 ng equivalent per milliliter for GLYP, AMPA, GLUF and MPPA, 2.5 ng equivalent
per milliliter for GLYP-"*C,,""N.)

3.9 EERER (FR) KO R
AIEOHERT RS D D BEITEY AR B W TEEEEENRESI N TS DL GLYP
DODHRTHY, ZOMEIX 15 mgkg THD. WE->T, BELTHERRA (FIR) RO HERT,
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RIA BB EEI RTARETENEI 3 mgkg LR RN 1.5 mgkg LA, 7= MG (K
790 %DA) TENEI 1.2 mgkg L F RN 0.8mgkg L FTHD.
BRBRECHH L72 LC-MS/MS TH+4372 SN RGO DIREZHEE L, E@i%ﬁﬁﬁ% b 7
ARBERONEI FTARET 1 mgke, 7=y MEGET 05 mgkg LaE L. YZREEICK
Z WINE GBS X RO Table 8 /05 11 £ TICRE#EoOEEBY THY, GLYP, GLUF &U“
MPPA (22T, WTFNOREHZIBWTHLE—27 ® SN b’ 10 2%, 2o, EHEFE (6) O
10 RS BEEREZBZ T Rhholo,
o T, AEOEERAR (FBR) 1X, GLYP, GLUF KO} MPPA IZ2oW\W<C, K7 A& EOE
S FRIAT 1 mgkg, Vv MULT 05 mgkg & L=, £/, MHBRIL, JoOEMERZE
CHHE 4, F{AE/KYE 0.05 @ Student D -fED 2 1% (= 4.26) 2R/ UI-EEBEL LT, T
fxb%mgﬁﬁﬁ@ 4.26/10 £ LT, THZH 0.4 mgkg % 0.2 mgkg & L7=.
3.10  HL:[EEER
RIEOEM BB E R T 5720, mﬁ@k%b74 Ui, WA R85, RAEIRFT

A8, RAV=y MG KOWEHY = v b Z GLYP, AMPA, GLUF KT MPPA Z#RANIL
7= HEECE 2 vy, 10 aﬁ%ﬁ@f Haﬂﬁ%%ﬁm L7-. aft%ﬁmfﬁi%? :iLJTOD LBV THD.
i) MR TR R RIARBEOREI RTA ZOWTIE, E O TR L - IR

IEERE AT L, FRBR=EIC kb\f#mg%gbﬁiot@%, Y%E#L%mm%buﬁm%@ﬁz (K%
W, % 1 mL) ZoHBMORBICEML TR LE., v v M :omﬂ;’c, 77— RK7nm
Ty —T_—2 MRIC LG ARE A XM L, FRREICBW T EEF &Y o714,
IR R OB AAE LR OKEEHR, 45 0.5 mL) Z o3 #rBi4a o 30 %ﬁﬁ ML TR L 7.
S5 FFHOREHZISOWT, FEHRD 2 AE TRBRAZ FEf L7z, TN ZAORMIEEIT Table 12
DEBYTHS.

Table 12  Spiked levels of GLYP, AMPA, GLUF and MPPA in the collaborative study
expressed relative to original matter

S GLYP AMPA GLUF MPPA
Petfood types Moisture \ spiked level  spiked level  spiked level  spiked level

less than (%) (mg/kg) (mg/kg) (mg/kg) (mg/kg)
Dry type for dogs 11 2.0 5.0 5.0
Dry type for cats 12 15 15 2.0 2.0
Semi-dry type for dogs 30 7.0 7.0 2.0 2.0
Wet type for dogs 86 1.0 1.0 2.5 2.5
Wet type for cats 80 3.5 3.5 1.0 1.0

iy ZMRABRE  MHEABARRSON T ¥ — ZEMZEH, SEEEEBFRHAAESS o
Brev & —, wRtERSH BFEET, BAR NSRS R JERT, MSZATE0E N RARK
PEH B Z RN o & — BEE R AR AR, RfLRts 2 —, ety —, R4dEEY
Z—, [AfEhE 2 — R OEMS 2 — (BF 10 HER=) .

iii) A 5 e 10 ] R 239 H 12 H B R 2310 A 14 HE T

iv) fERO®E o RE, REEYTIRE (mgkg) & LTHMET 3 - THEIEL.
F72, GLYP I2OWTIE, & TOREHI OV T GLYP-"C,,' N D[EIIL R THIIEHS O 4 @5 S
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5L E BT, BHEHEHAIRT O GLYP-"Co, N FHEAORE (ng/mL) IOV THBEDT
e ST

v) FEROMYT TUPAC 71 b =—/L NZHEVY, Cochran ME, 1XF4UME 1 1 D Grubbs K& &
X THE 2 (8D Grubbs FRE ATV, LT NEDOEEHE 21T - 72 L TEEEILER, K UK
FE O EHERZE (RSD,) M OV M HIUEE OMxHE %R (RSDr) 2R LEZ. Bonl-
RSDg 7 &, f&IE Horwitz 2% H T HorRat &k 7-.

FEROMEIILU T DO LB THD.

1) GLYP  GLYP D& Hrifl R & O FHRNT RS F X Table 13 oL 30 THY, RAFNT A H
i, MR R A8E, RAEI R A8, RAYV=y MEGRKOHHY = > MGRIZONT,
EHEIEE (%) X2 FI 95.5, 90.6, 94.9, 99.7 & ® 99.8, RSD; (%) IXZNZH 5.4,
7.0, 53, 58 (4.3, RSDy (%) ZZNZEH 8.7, 7.0, 6.9, 8.4 K (N5.5, HorRatlZZhEh
0.60, 0.65, 0.58, 0.53 L0042 THho7o. WIhbBURFERTHT-.

2B, BEETIC GLYP-"CL N ICoWT G 21T o 72, T OfEE (REW) 1, F
BEIE (%) 1 EENEI 709, 84.8, 79.5, 71.6 LT 72.6, RSD, (%) XZhn < 10, 11,
13, 12 XUV 18, RSDy (%) XZE4h 21, 17, 14, 31 k120, HorRat (ZZ#E4L 1.1, 091,
0.78, 1.5 Z1*0.99 TH-7-.

2) AMPA  AMPA /X, HIERBETH 72 1| RBREZRLS O RBRENOLHENRH - 7. KW
FEF M OBERHRMTAE R 1 Table 14 D L B0 TH Y, RHNZ A 85, HH 7 A8, KAt
IRTARE, RAvzy MEGKOWHY = v MFIZOWT, FEEHEIRE (%) 1Z2hE
AU 73.4, 92.1, 89.9, 86.0 K T* 86.1, RSD, (%) (FZ#E4 11, 20, 12, 14 }xT* 18, RSDy
(%) 1XZhZ2n 22, 22, 21, 24 KON 22, HorRat (ZIZNZEH 1.5, 2.0, 1.7, 1.5 KN 1.6 T
bolo. YRBRE CORMEIMGRERAE R & Ffk, RH KT A ®ECREIRENME 72, £z,
MR UG R OV H BB E SO K0 5> Tnieb oo, S HFEURE ORI 7=
LTuwWi=.

3) GLUF  GLUF D& R & O HRAT RS Rl Table 15 0L B0 THY, RHANT A8
i, MR R A8E, RAEI R A8, RAYV=y MEGKOHHY = > MGRIZONT,
EHEILE (%) 1ZZFE 98.6, 104, 112, 932 KT 101, RSD, (%) Xz 11, 10,
6.4, 7.5 X' 15, RSDr (%) 1TZ# 24 15, 13, 9.4, 23 TN 21, HorRat (XZE4L 1.2,
0.94, 0.66, 1.6 XN 1.3 Th oz, [EULHEK OHER UREE OEN Y RBR=E TOMFHER LI D
RCKEWVREINR D -7y, BRFHEEEIETCRETH-T-.

4) MPPA  MPPA IE, MIEARRETH -7 1 RBELZRS 9 RBRENOCHMEDR -T2, K00
SR M ONHEEHRAT A5 1L Table 16 D 2 B0 TH Y, RARNZ AR, WA KNZ 85, KAt
IRTARE, RAV -y MR ROHHY = v MGIZHOWT, FEHEINE (%) 1TEhE
A190.3, 97.2, 98.3, 94.1 X1 96.4, RSD, (%) (ZZNEi 78, 6.2, 6.9, 7.2 x116.2, RSDy
(%) 1ZENZN 11, 8.6, 6.9, 9.4 T} 9.0, HorRat [ZTZHFH 0.83, 0.59, 0.48, 0.67 K
0.56 Th-olz. Wb BARFERTH-T-.
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Table 17

Instruments used in the collaborative study

Lab. No. LC-MS/MS

LC column
(i.d. x length, particle size)

LC: Agilent Technologies 1200

Agilent Technologies

1 MS/MS: Agilent Technologies ZORBAX Eclipse XDB-C18
6410 Triple Quad LC/MS (2.1 mm x 150 mm, 5 pm)
Agilent Technologies
2 Waters Quattro Premier XE ZORBAX Eclipse XDB-C18

(2.1 mm x 150 mm, 5 pm)

LC: Waters Alliance 2695

Agilent Technologies

3 MS/MS: Micromass ZORBAX Eclipse XDB-C18
Quattro micro API (2.1 mm x 150 mm, 5 pm)
Agilent Technologies
4 Waters ACQUITY TQD ZORBAX Eclipse XDB-C18
(2.1 mm x 150 mm, 5 pm)
Agilent Technologies
5 Waters ACQUITY TQD ZORBAX Eclipse XDB-C18
(2.1 mm x 150 mm, 5 pm)
Agilent Technologies
6 Waters ACQUITY TQD ZORBAX Eclipse XDB-C18

(2.1 mm x 150 mm, 5 pm)

LC: Agilent Technologies 1200
7 MS/MS: AB Sciex
API-3200 Q TRAP

Kanto Chemical
Mightysil RP-18 GP
(2.0 mm x 150 mm, 5 pm)

LC: Waters Alliance 2695
8 MS/MS: Waters
Quattro micro

GL Science
Inertsil ODS-3
(2.1 mm x 150 mm, 5 pm)

LC: Agilent Technologies 1100

Agilent Technologies

9 MS/MS: Applied Biosystems ZORBAX Eclipse XDB-C18
API-2000 (2.1 mm x 150 mm, 5 pm)
LC: Agilent Technologies 1200 Agilent Technologies
10 MS/MS: Agilent Technologies ZORBAX Eclipse XDB-C18
6410 Triple Quad LC/MS (2.1 mm x 150 mm, 5 pm)
4 FEO

EoiE NIRRT 5 7 ) A —

vua~ 7T 78T MVEESHTFHI L D FFFE &

Dift R & 17,

NEGU T 2 BRREEEOZE ORI HOWNT,
B CAF TR Ewvn).

) &AL,

LIV By R OB FESE 2 Table 17
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& O HH ORIIZ 60 °C T 2 FEMFEI A K CIE S &2 L E R H - 72,

) ZUARY— b ORI THDET I AFNLRAR L, BBHZ L > TZ U AP — b EFEEEIC
EINCRE R OREED+ 3 TRWEERH Y, KEZEHT HIINEEDEOHERILELEEZ
niz. KXo TREOHHTHEILEMN BRI LT,

3)  ARYEIC L0 IINEERER K LR RER 2 S L7 /E 5%, U AR — b, Z R Rk— KO 3-
%%wa74:zmeﬁV%Kowf,EE,ﬁﬁ%ﬁ,%%ﬁﬁ%ﬁ®ﬁ@%ﬁtbf%
0, L3 ETICOWTARIEDOEH D FRETH > 72

4) ﬁ&_iéﬂj$#~b,7»$V*~F&@&%%w$x74::fmﬁﬁy@®ﬁiwﬁ
(FIR) ROBHENIE, FI7AABEEOEI R/ G2 ZNHREEYT 1 mgkg KO
0.4 mg/kg, V= v MEGHTERZNBEE® T 0.5 mg/kg X 0.2 mg/kg Th - 7-.

o
HRBBICSM L TV 2V MEE AN R ARG v % — ZEERTJERT, 4x[EEs R 30 R
BHEAER Aty Z—, BRGNS BF5ERT, AAN LS PRUFZERTICE T 2 MR
BANICEH OB ZRLET.
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