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Tutitade Loy LC-MS/MS

N W@3aIndrIna
aningamwuazaNuaaessans nsuinenmansmsunng auudnuuy uunys 11000

unanga nauenlulasWusudniianldiduansnmnlsaludad demnuhiauanifvasmsiluasnonzde uaz
ansnananEwug ﬂizmﬂlwﬂLLazﬁnwmﬂﬂszmﬂlﬁaanngwumﬁﬁﬂﬁﬂum%’nwﬁmiﬁLgml,ﬁamiu%‘[nﬂwmwwﬁ
wazavmwglaldpandamuuanadisinnsiisinaennguil 4 xiia luiladat Teadasmlugtuasmammuala
1l#wn 3-amino-2-oxazolidinone (AOZ), 3-amino-5-morpholinomethyl-2-oxazolidinone (AMOZ),
1-aminohydantoin (AHD) waz semicarbazide (SEM) uazadasialamasszauii 1.0 lulasniudanlansn
(Minimum Required Performance Limits : MRPLs) 3slawaunuaznagauanugnassisienzvlosiiu
isotope-labelled analogues #a3ansiueualay 4 #ia (I internal standard l¥nsalalasladaswamuvalasn
éauﬁ%’uﬁ'ﬂﬂsﬁuﬁnﬂumiaqﬁ’us’ 1n1USu pH 7.0 + 0.5 anauenarsee liquid-liquid extraction I@5ewniia
wazUSanauce LO-MS/MS 51msitasnei 0.1-2.0 lulasnSudailaniy lefudunsiiendulsandanduiug
(correlation coefficient) 5¢%314 0.9860 - 1.0000 ANNUNUABIIGUTANNY %recovery 88.9-112.0% mmtﬁ?‘m
aglunaiuseiliulos HORRAT @ <2 dwﬁwqmﬁmmwu (LOD) 0.05 - 0.3 lulasnsuaanlansy ?1'16%151@1‘7;6153?\1
USinala (LOQ) 0.1 - 1.0 lulasnsuaanlansu lﬁﬁwmiéﬁmmsmﬂﬁ”wumnéuawﬁlutﬁaﬁmiﬁﬁmﬁw’lumamam
uazgtlasinsiiavasangunwamuns 539U w.a. 2551-2554 SINAY 402 FENe WU AOZ mnﬁwﬂutﬁawgﬁu
wninsludanas 12.2 Hszeu <0.1-44.5 lulasnSudanlansy uazwu SEM ananlunesaeas 4.2 Aseeu <0.3-2.3
TalasnSudanlansu wWanSeudsuamanuSinaiinuwas AOZ uaz SEM luuaasil Liflansuansatuasaiite
SAYNNEDA (p>0.05) waeadaiimsldenna 2 sialudrdisisna ﬁﬁﬂ?u%ﬂf\hLﬂuﬁ’aﬁﬁﬂﬁtﬂ’]izgﬂLLa:iﬂ’J‘UQN
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UNUI

lulosWusu (nitrofurans) figaslassasremuaiivsznaums numunusuuaslulasniy Genh
5-nitrofuraldehyde fignizhidauvaiids Talumsinmuazilosiulsefindarasszuumadummsuas
'vmLauﬂaanﬂumitwm,gmé’mfﬁmasﬂqﬁmfﬁﬁﬂﬂﬁ'ﬁ 4 ¥1ia lawn furazolidone, furaltadone,
nitrofurantoin 8z nitrofurazone wmumimmuaﬁ%ﬂué’mﬁzmﬁlﬂum&gﬁu (parent drugs) Huas
wonuelaviesunaimuasiunaiadsllsiuldnunmedlavasadanuiaios Jeasanumnguillugy
Msuaualat Lowd 3-amino-2-oxazolidinone (AOZ), 3-amino-5-morpholinomethyl-2-oxazolidinone
(AMOZ), 1-aminohydantoin (AHD) uaz semicarbazide (SEM) mua1ou lagamwe furazolidone
Thinnluvhsudemy esmnfivssansmngauasnagn udmsnguilfiunhinfumsdanmeiuguas
#s5naNe5e (Mutagen and carcinogen)™ awmwsﬂsﬂ, UszindlnauazdnwanaUsznd Jelaaannguana
thdumuldiueninndaiiideaiamauilnanasywd Tasanmwglsldaandamuuainefiziene
Unalulasyusummualaiondens 4 wila Tuwiladed sasiasfidmadasiomldeieszduiimmun
(Minimum Required Performance Limits; MRPLs) ‘ﬁ 1.0 luTasnsu aanlansu® UAENITNITNATIUFY
yaslsznealng Taadninnuaaznssumsenmsuazenmmuam MRPLs (lulasnSudanlansy) 1 0.3 dmsu
AOZ uaz AMOZ oz i 1.0 §wSU AHD uas SEM tialFfumsdamifiumsiianumsandg &9

maensilulasyusummuelailuiladaidhs LC-MS/MS findnmaafadoaiimiiaudu
aailtfin solid-phase extraction (SPE) sl,umiﬁﬂﬁn%qw%(uaﬂﬁamazwaq LC waneranuld® &
BaNMSENM Aa amﬂﬁ’uﬁzwaqluimvjusummualaﬁﬁ%’uﬁu‘[ﬂiﬁu (protein-bound metabolites)
Waglusudaszaransa (hydrolysis) LﬂﬁﬂuluimiﬂLLsuLumwualaﬁ (total nitrofuran metabolites:
free and proein-bound metabolites) Lua15ayWUSYaY nitrophenyl (NP) laaviujasenaywus
(derivatisation) NU 2-nitrobenzaldehyde (2-NBA) U5u pH Thdunae (neutralisation) anaugnas
(liquid-liquid extraction) M@ ethyl acetate ¥ lwiauarasaalummazareihlUiwnzivsinauay
duiuziinansens LC-MS/MS

{338 laana@Ineey van Rhijn, J.A. uazans TasuUSuilasuannzues LC laun il
avanadiaehe, riavaseasuiifiuanas, slauszsanauuasdvhazmedan s limsuansasansouas
5231 uasshaadunyldinTunaumsaiads n-hexane llaaamssumuudnManagauaINgNda
aoisiansluds 1o wasduny (Funudanih datun wasedasludaiomuddu) hisnasauiild
mwmﬂ%mmuawﬁmmmnaﬁulu‘[mw‘]u,su“?imnﬁ'ﬂuﬁaﬁmiﬁuﬁnmwdwﬂ W.Al. 2551-2554 Lilaiiu
FoyamathszTianulasasadaguilnauanidayaiildaniensimeadaieUssdiiuunliveasmslion
ToaSeuiisudSnaunasiinnd

ﬂ']il:ﬂﬁl:l,ﬁgﬂ']iﬂ\l"lﬁliﬁ']u
d15t@8 (AR grade) : hydrochloric acid, 2-nitrobenzaldehyde (2-NBA), trisodium

phosphate, sodium hydroxide, ammonium acetate, ethyl acetate, methanol (HPLC grade)
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#1309 : 3-amino-2-oxazolidinone, 5-methylmorpholino-3-amino-2-oxazolidinone,
1-aminohydantoin, semicarbazide hydrochloride, 3-amino-2-oxazolidinone-D,(AOZ-D,),
5-methylmorpholino-3-amino-2-oxazolidinone-D,(AMOZ-D,), 1-aminohydantoin -"C,(AHD-
"C,), semicarbazide hydrochloride-"*C"N,(SEM-"C"N,) msmmgmnnﬁuﬂuwm WITEGA
Laboratory Berlin mmu‘%qw%(mﬂn'jﬁaﬂa: 99 #nIu SEM 289 Sigma Aldrich mmu‘%qw%wmdw
Saeaz 99

MIGITNTIIAZAIININITFIU

aIazNBAAIFIU stock solution : Wiy 50 lulasnSudaiiadans

%’qmsmmgmﬁmﬁ'ﬂuﬁuau 5 #8ansu aza1gly methanol USulianasasu 100 Jaddas
Tosuanasasunazi wazihanesey working solution ssasmanay 4 #ie anudndy 1 lulasnsu
ApNAAANT, 100 UaT 5 W IUNSNABNAAAAST 11 methanol MuAIAU

asavane internal standard stock solution : Wugu 50 lulasnsuaaliadans

#1815 internal standard thurinuduay 5 faansy azangly methanol USuUSnasasu 100
108305 laausniassuunazad waziaesan working solution @sazmanan 4 7l ANNTNTY
1 lulasnsSusaiiaddns uaz 20 nlunsuaaiianans 11 methanol Mmuaou

m‘%‘mﬁauazqﬂnstﬁ

LA3D9% 3 AT 5 ALVUY, m"?immsh, vortex mixer, turbovap LV: Zymark, ultra sonic bath,
#3939 LC-MS/MS Usznausis HPLC: hewlett packard series 1100 L% mass spectrometer:
AB applied biosystems MDS SCIEX API - 4000

dnnszuad LC
- analytical column : Clipeus C18, 150 mm X 3 mm.id, 5 um (Higgins Analytical)

- guard column : Symmetry Sentry C18, 3.9 mm X 20 mm.id, 5 um (Waters)
- mobile phase A : 0.5 mM ammonium acetate in deionized water

- mobile phase B . methanol

- flow rate : 0.6 ml/min

- column oven 1 30°C

- injection volume : 20 ul

- gradient LC condition

) (W) B (%)

0 24
5 52
10 52
10.1 96
13.4 96
13.5 24
15 24

NIEINIHINENANFATNTUNWNE
1 57 AVUN 3 NINYIAN - NULNEU 2558

P



Method Validation Total Nitrofuran Metabolites in Animal Tissues Malee Jaroenvitvorakul

dnnzuay MS

- scan mode : MRM scan

- ionisation mode : ESI (positive mode)

- source temperature : 450°C

- ionspray voltage : 5200 (turbo spray)

- collision gas (CID) . nitrogen, pressure 1.2 torr

dnzuad MS-MS (DP = declustering potential, CE = collision energy, CXP = collision cell exit

potential)
ot precursor ion  quantitative product ion (m/z) dwell time DP CE CXP
analyte
(m/z) confirmatory product ion (m/z) (msec) ) V) )
NP-AOZ 236.37 103.89 150 76 33 10
133.94 150 76 19 12
NP-AMOZ 335.13 262.05 150 56 15 10
291.15 150 51 19 18
NP-AHD 249.20 103.90 150 61 31
133.90 150 61 19
NP-SEM 209.46 191.90 150 56 17 12
166.04 150 56 15 10
NP-AOZ-D, 240.37 133.94 150 76 19 12
NP-AMOZ-Dj; 340.13 296.15 150 51 19 18
NP-AHD-"C, 252.24 133.97 150 61 19 8
NP- SEM-"C"N, 212.21 168.0 150 56 15 10

MBENUAZNITLATLNAIDEN
b L) ﬂ' a oy k4 \ o d‘ ] k4 kg ?3’ L4
madnfinagaudd : fa i wazauvy Nasialinumsanan die LC-MS/MS mnwntindszana
[ =TI v d v = v 2 & [~ - a ° .
300 N3 vuuzuan 9 usrtulvasideadeinissuaiila thusnwNgmmngii-18" (matrix blank)
o | Ao o ' g v ey oy & 5 4' ' & Y 4' 4 g
madnfidia : deddiadad laun de dalifueiesluln wasilianyiuindasluny wudu
Fuan 9 usrdulvazideamsiadssuaile ushwiiguugil -18 "% 5INMEY 402 MR NINAAINTN
22 Ui wazgllasaInsing 6 uvs Tuwanjunwumuas ssuint w.a. 2551-2554 lagdinNUANENITINS
2IMUAZENUMBENETIATIEW

m'saﬁmtazﬁﬂﬁu%qn’g

Fe0g19fiuaazide 1 nSu Tu centrifuge tube UM 35 WadANS LANEITATAIWEN
internal standard 20 W lunSNGaNadans 50 LNlA5AAT aNAeI8 0.2 M hydrochloric acid 5 Nadans
uaz 100 mM 2-NBA 50 lulasans wehe2e vortex mixer aumadNnszaIem weaanly shaker
w10 it ihludsilgamndl 37°% wiu 16 $ala 1hanidiu 0.3 M trisodium phosphate 250 lulasans
wazdSuanuillunsacelila 7.0 + 0.5 ¢28 2 N sodium hydroxide tiin ethyl acetate 5 Hadans

weh 10 W LENFUMBLATBINNUAIES ANNEI 3,000 FBUADINT WL 10 Tl gadiuasazarsadly
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test tube 21NA 20 H9AANS ANAGIPEIIRIY ethyl acetate 5 1adans FanNAS 1FuTsazas ethyl
acetate fiugnlaninmualiszmeuiadieweios turbo vap LV aamgii 40 % azanadiaghadadnnazme
50% methanol in deionized water 0.5 3983013 (NIUMIDENAUNYNAINTTLNLUII LTazaIBAIBE NG
deionized water 0.25 fiada®5 UALLAN n-hexane 2 A3A03 HANEIH vortex mixer WU 1 17 wonzy
feLnIaavauiss ANNITI 3,000 SoUGBWT WL 10 W @aZUYRY n-haxane TadamBEaTE
n-haxane 2 fiaddns MaNATI garuBes n-haxane 71 whedefululasiau 1d n-haxane fidog
L@ methanol 0.25 HBAANT NANAIE vortex mixer WU 1 U¥1) UAINTNFITAZALAIDENEIY 0.2 Um
PVDF membrane fiauiawin LC-MS/MS

NMINAFBUANINGNABILANTIATIZHE®
171591 method blank waz matrix blank

method blank : afaasiaiillaalildiiadiege @nssazareway internal standard
20 nTun3udaiiadans so0 lulasans afauazhlviudgns Jade LC-MS/MS

matrix blank : iafatefilinuamsande 31U 2 @9 lesdnasazarenay internal

a

ol i\ aa a e o a A{ o
standard 20 uﬂuﬂsmauaaam 50 1NIﬂiaG13 ﬁﬂﬂLLaz‘Yﬂiﬁlﬂﬁq‘V]ﬁ 19628 LC-MS/MS

1511051913653 (Calibration curve)

L3N IBYNUS nitrophenyl 2avansazanaanasziulastila 0.01, 0.02, 0.06, 0.2 uaz 0.4
108805 YaeAsazMeNINIPIUNTN 4 #lla WNTu 5 nluniueaiadsns ldlu centrifuge tube w0
35 198305 IANENSAzaENEY internal standard 20 W Tun3uAaiiasans 50 lulasans wdwhmuduaay
msafasaalaslifiilada laanudndugaredu 0.1, 0.2, 0.6, 2 uaz 4 NlunsnaaNadaNT
MNAIGU NIBNAIBENEIY 0.2 Um PVDF membrane 30131 LC-MS/MS a51nNMIAIFIULEA
ANUTUWUS IV INA DN FIULANAN NI NI UABNEITNIATIY ez internal standard (concentration
ratio) NUAIDANEIUYDY peak area UBNEITNINTFIU WAz internal standard (area ratio) @uIDs

Vv a £ v o . .
AFNUsEANSINFNNUS (correlation coefficient, 1)

msnadauanulutdunsiuazdiam ez (linearity and working range)
WnansarmenasTIURANNENTY 0.1, 0.3, 1 uaz 2 lulasnSudadlansu Tudaths (9 wazln)
SEAURE 1 % nensazansnan internal standard 20 W luniudefiadans 5o lulasans snadathuas
vlusgns Jadae LC-MS/MS adenswinasprunaasanuduiusssninmsandiusssamuudy
P9ATNINIFIU Uay internal standard (concentration ratio) ludadnuaazyilie NUMBANEIUVD
peak area ?aN@19NIN33 U WAy internal standard (area ratio) e Nl aNS anaN WS

(correlation coefficient, r)

ﬁhei'ﬁqm‘?imnwu (Limit Of Detection, LOD)

Uszanaua LOD lasfamsaywusuasasinasgiu 1w peak fifien signal to noise WU 3 M
uanugndudathwingradhs mmsnadaulagdumsnaspuiisnnlaly blank sample $10u
10 %1 W@nasazaenan internal standard 20 wilunudafioddns 50 lulasdns afauaz¥liusans
10678 LC-MS/MS

NIEINIHINENANFATNTUNWNE
U 57 atlun 3 nsngan - AueNaU 2558




Method Validation Total Nitrofuran Metabolites in Animal Tissues Malee Jaroenvitvorakul

AengaiianeimUsanuld (Limit Of Quantitation, LOQ)
nagaulagdnansnesgiulszann 3 1haes LOD avlu blank sample MUY 10 7 LANFITAZAY
ul \ a aa = e o Y a Q( e v
W& internal standard 20 WlunSnaaiiaddns 50 lulasaas anauaziliusgnd Jaes LC-MS/MS

MUIMANUULNY (% recovery) WazANNLNEY (% RSD)

NMINATIUANNUNUUIZANNNE (Accuracy and precision)
l!' k4 k4 o | =S v d%l U Vv t!l' L4 Vv

nagauNANNENIY 0.3, 1.0 waz 2.0 lulasniudanlaniu (iald, 4v) wasienudngdy 1.0
waz 2.0 lulasnsueaanlansy (AUNY) FEAUAE 10 71 WAIFNTITaraNEHEN internal standard 20 nlunsy
1 = aa = W o a l{ 2 o 1 1] 1l
daiiadans 50 lulasdas anauasnliuigns Taee LC-MS/MS anamanuusiu (% recovery) agluy
#193088r 60-120 ANNLNES (% RSD) wazd) HORRAT (Horwitz ratio) lagitnaminsaansuma
Codex ez EU<2

MsUsziivuraaazmmaaliwinauwainsin (Uncertainty)
Iezilsunaasiamvalar (A0Z) laszaiialn 1 ASu in AOZ hszau 0.3 lulasnsy

@anlansy minalsanaEslumadi 0

FNMSNNFUATI Y = mC+b
C = Y-b/m
C = CO/CISTD

Tog Y = peak area ratio, m = slope, C = concentration ratio L8z b = intercept
Usinasansinu (lulasnsueanlansn) = C x Crgppy x V/W

Tog C, = ANNENTUIIININGIU (INTUNSNABNAAENT), Clgrp = ANNWNTUYBN internal
standard (lunsudaiadans), V = Usinasgamnemsazaraaiad (1aadns) uaz W = Thwindatha
(n5Y)

NngasainnuFInamsiing wuvasiisnzasenuliuiuaunnmatahwingeis maedew
InaIU edeauiaiausinesitld wasnnvnesyu Masanuliuiveunnmsing (precision)
waTANNUNY (accuracy) MNMINAFIUANINYNABNYDINITIATIZH seanylaiiuauivue udrmunas
aanwliwiuauens fissduanudaiuiosa: o5 1 k = 2 enuanwliviueuluzlzasany

Talwdupunens

NMIMIUANAUNINAITIATIZH

External quality control : 1@1534MINAFAUANNTINYMIIANEY (Proficiency test)
fiu FAPAS Uszinasangu fia nasdau AMOZ waz AHD, AOZ uaz SEM lulavy, neaau AOZ uaz AHD
Tuilowy uaznadou total AMOZ uaz bound AMOZ luda

MN5F5NTHANNANFATMTUNNE
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mMsSaudisuanmdalsanaasinulasizneada
WiguiiguUSinamnaninuees AOZ luilianyiuesesly waz SEM ludiads lugiwadinana
v ao aa ¥V T | a A v kd I 4
MEIENNada legasasaumsuanuaszesdayanimsuanuasluwuulndniali 61 luld one-way
ANOVA mnbiifluun@ld Nonparametric statistics lagl#lusunsy SPSS®®

We

meldanmizpas LC Aldlumsinmasiilidanaeduiizila reverse phase saamsld ClipeusC,,,
150 mm x 3 mm.id, particle size5 um (Higgins Analytical) wugn (elute) 150880 TEIULUUNETY
(linear gradient) 52%314 methanol W&z 0.5 mM ammonium acetate {AAMIUBNADIFISHA retention
time WAZANWAUYBINAMY chromatogram log AOZ denulhimsingege o AMOZ, AHD uaz
SEM fissauanududuidientu

18861 NP-AOZ-Ds
5/\N (8.51)
16651 P
Y
1‘05 NP-AOZ
I Nj)\o

1.2651 @/\/ N
¢ -
- 1 M. NP-AMOZ
g D NP-AMOZ-Ds
° ' AN NH
£ B0ed ©/\" a8 (10.1)

NP-AHD .
S 9 (8.58) ]
I N /NHJI\NH:.
i @AN NP-AHD-5C; (8.24) f‘ =il NP-AMOZ
NP-SEM ! { (10.2)
204 NP-AHD (8.28) j I s j
’ ! T T T s T L - T T
W f 2 3 4 5 8 7 8 8 10 1 12
Time. min

AW 1 Extracted Ton Chromatogram (XIC) wasshsaywusiulasyusuwmualan

nnmanagaumsitanziiinalulasyusuwmualadi 4 #fie ldun AOZ, AMOZ, AHD
woz SEM Tuidladod (M ilals wazeuny) e LC-MS/MS auFAMEimWua Lﬁﬂﬁ%’ﬂﬂﬁﬂﬂﬂﬂﬂigm
UFONANNTNNUS T TN DA N EIUYBNANNINTUDIEITHINTTIU a2 internal standard (concentration
ratio) NUABANEIUYDY peak area AIEITNINTFIU WY internal standard (area ratio) Henuuy
0.1-4.0 WIUNSUABNAFANT 289 AOZ, AMOZ, AHD waz SEM lansidluiduasa 8@ r 0.9954 - 0.9992
waztiiarhmsiesd method blank Was matrix blank liwu peak 2a9EITIUNIU EAITUFITIUNIUYDY
SEM lufs nansnagaua NN TuFuasILazNaIm e eiistaua Nty 0.1-2.0 Tulasniy
aanlansu lonsidudunsedien r 5¢1ing 0.9860 - 1.0000

fhathailadat (3 1) wue LOD wes AOZ uaz AMOZ 0.05 lulasn3udailansu AHD
waz SEM 0.1 lulasnsudanlansu a1 LOQ 289 AOZ waz AMOZ 0.1 Wulasnsuaanlansu AHD way SEM
0.3 lulasnsudanlansy laamasemuusiy (% recovery) $989r 82.5-111 wazanafislszifiudae

NIEINIHINENANFATNTUNWNE
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HORRAT 0.4-1.9 dhuauny ie LOD 283 AOZ, AMOZ, AHD waz SEM 0.1, 0.2, 0.3 uaz 0.3 lulasniu
@anlansu Muaeu wazm LOQ 289 AOZ, AMOZ, AHD waz SEM 0.2, 0.3, 1.0 ua¢ 1.0 ulasnsu
danlansy muaeu laamasanawsty (% recovery) 4988z 92.6-97.7 uaranuiiselsziiudas
HORRAT 0.3-1.4 Namsnaaauanuuiuuazanuiiewasds (accuracy and precision) HAMNENTY
0.3, 1.0 uaz 2.0 lulasnsudadlansn (In d4v) wazeNNETY 1.0 uaz 2.0 lulasniudanlansy (Funy)
femuwiuiilszfivnnaiads % recovery agfluzieiosas 88.9-112 uazanuiiesseiiuds % RSD
agluziespeas 1.5-6.6 waz HORRAT 0.3-1.2 gastdeaduunaingiodisguassiiovedas
ﬁ‘w@aa‘u (m'm‘?; 1)

M990 1 MINAFBUANNUNY (accuracy) WazANNLNEN (precision) 28IBNATIEH

AiAeBEN a3 Spiked level (ug/kg) % Recovery;, Mean + SD % RSD HORRAT
wialn AOZ 0.3 105 + 3.0 2.9 0.5
1 107 + 2.8 2.6 0.5
2 101 + 3.7 3.7 0.7
AMOZ 0.3 107 + 4.3 4.0 0.8
1 111 + 4.5 4.1 0.8
2 106 + 5.6 5.3 1.0
AHD 0.3 109 + 4.3 4.0 0.8
1 112 + 3.0 2.7 0.5
2 104 + 3.2 3.1 0.6
SEM 0.3 111 + 3.5 3.2 0.6
1 111 + 5.7 5.1 1.0
2 107 + 4.1 3.9 0.7
o8 AOZ 0.3 97.9 + 2.8 2.9 0.5
1 111 + 4.9 4.4 0.9
2 106 + 2.5 2.3 0.4
AMOZ 0.3 104 + 3.8 3.6 0.7
1 112 + 5.4 4.8 0.9
2 105 + 4.0 3.8 0.7
AHD 0.3 99.7 + 3.7 3.7 0.7
1 105 + 6.4 6.1 1.2
2 95.2 + 4.7 4.9 0.9
SEM 0.3 102 + 2.3 2.3 0.4
1 106 + 5.7 5.4 1.0
2 100 + 2.4 2.4 0.5
Gumy AOZ 1 93.1 + 1.8 2.0 0.4
2 98.4 + 4.6 4.7 0.9
AMOZ 1 100 + 4.1 4.1 0.8
2 88.9 £ 5.3 6.0 1.1
AHD 1 97.7 + 1.4 1.5 0.3
2 100 + 4.0 4.0 0.8
SEM 1 96.6 + 6.4 6.6 1.2
2 97.8 + 4.2 4.4 0.8
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MmsUszanam e it uaueIHanIn NUwaIrNN N wlLauINNITIAIE laun
Fuapumsianvinuazliulinasgaimelumsatadedn manududumsildnninuinasgu
ms%"quﬁ'ﬂLLazlﬁamqmsaxmammgm sauﬁQﬂawuu%qm‘§ﬁizq ST TIIETe P R AR T o T eare
dasnamenyliwivewrmeradsinned AOZ flehiu + 0.06 lulasnindanlansy Henudesiu
Jazaz 95 SmsuUSINm AOZ Mdinasludaeg 0.3 lulasniudadTandu MunannNWnasgIule 0.32
TulasnsSudailansy enunatsinaas AOZ nuamenuliuiuauzens A 0.32 + 0.06 lulAINSNAD
Alansy (an519f 2)

3199 2 Aany LU UYRINaM IR

, Standard Relative standard  dadiuany
Component Value, x e ] ] C
uncertainty, u(x) uncertainty, u(x)  liwiuau (%)
1. Sample
- Weight 1 g 0.00062 0.00062
- Fianl vol. 0.5 (pipette) ml 0.00088 0.00174
0.00187 1.31
2. C, read from curve 0.560 ng/ml 0.03939 0.07090 49.63
3. Standard
- Purity 100 % 0.28 0.00280
- Weight 0.00500 g 0.00001 0.00200
- Dilution 100 (vol.flask) ml 0.18257 0.00182
1 (pipette) ml 0.00174 0.00174
50 (vol.flask) ml 0.09327 0.00186
1 (pipette) ml 0.00174 0.00174
10 (vol.flask) ml 0.02254 0.00225
1 (pipette) ml 0.00174 0.00174
20 (vol.flask) ml 0.04136 0.00208
0.00609 4.26
4. Precision (% RSD) 1 - 0.057 0.05700 39.90
5. Bias (Recovery) 1 - 0.007 0.00700 4.90
- Combined standard uncertainty = Uc/r 0.09146
- Standard uncertainty (Uc) = 0.09146 x 0.32 pug/kg 0.029 ug/kg
- Expanded uncertainty (U), k=2 = 2 x 0.029 ug/kg 0.058 ug/kg

Y3 AOZ (ug/kg) = 0.32 + 0.06

sewind we. 2551-2554 dhaaviinalulasusuwnvalavluidladofdsmibeluameda
wazglasindiienasuansunnumuas INMeEY 402 dat linumsandeasenguilluilalady
w3aslu wudanmaandmas AOZ ludlanysonas 5.5 wdaslunysosas 6.7 wes SEM ludedasns 4.2
LtamiwamﬁﬂmﬁﬂLLaz%'aaa:ﬂaqé‘f'sasmﬁmwwu (= LOD) LLa:‘ﬁLﬁummgm (= @ MRPLs 284 88.)
iiawszinUFinamasmsiiandauaneudl (il 3)
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m39i 3 Msaatiinalulasusuluilodadsswnind w.e. 2551-2554

NUIUMBEN (S8az)

Ysaiwu (lulasnsuaanlansy)

U w.e  wlieaadn - - - AfaNwy - — —
WAL AIIANY UNIFIU 2N MLRY NFHTIU

2551 fi’q 38 (100) 11 (28.9) 7 (18.4) SEM <0.3 - 2.3 1.2 1.2

Lﬁa‘wg 42 (100) 8 (19) 6 (14.3) AOZ 0.18-6.7 2.1 0.93
=

Lﬂiaﬂuﬂ;& 25 (100) 10 (40) 9 (36) AOZ <0.2-10 4.4 3.6

dialanuwesaaly 52 (100) - - - - - -

9N 157 (100) 29 (18.5) 22 (14.0)

2552 fij 5 (100) 1 (20) 1 (20) SEM 1.8 1.8 1.8
Lﬁawg 12 (100) 4 (25) 4 (25) AOZ 0.41-32 13.4 10.6
Lﬂ%aﬂuwg 28 (100) 11 (39.3) 9 (32.1) AOZ <0.2-30 5.7 3.5
dalanuasasly 24 (100) - - - - - -
EREY 69 (100) 16 (23.2) 14 (20.3)

2553 f}"a 40 (100) 5 (12.5) 4 (10) SEM <0.3-1.7 1.0 1.0
Lﬁawg 33 (100) 6 (18.2) 3 (9.1) AOZ <0.1-14 5.6 4.1
th3esluny 1 (100) - - - - - -
dialanuwasasly 37 (100) - - - - - -
U 111 (100) 11 (9.9) 7 (6.3)

2554 Gy 10 (100) - - - - - -
Lﬁawg 20 (100) 4 (15) 4 (15) AOZ 0.72-44.5 14.4 2.4

o
Lﬂiaﬂuwg 9 (100) 6 (66.7) 6 (66.7) AOZ 0.47-13.5 4.9 2.6
Walnnuadasly 26 (100) - - - - - -
U 65 (100) 10 (15.4) 10 (15.4)

T 4 93 (23.1) 17 (4.2) 12 (3.0) - - - -
Lﬁawg 107 (26.6) 22 (5.5) 17 (4.2) - - - -
Lﬂ%aﬂuwyj 63 (15.7) 27 (6.7) 24 (6.0) - - - -
& Vo o
dalnfuwedasly 139 (34.8) - - - - - -
RREY 402 (100) 66 (16.4) 53 (13.2)

= 4
AU

lumsnadgauiimst@nas internal standard (ISTD) Funaiaunaadnlasiundasldarsnil

v =) Ty v Py v A g v v
Tmmswmsmuaumsmmgm Lmuma‘[uLaqamﬂmwmﬂmstmu‘nmqazmaumamsmﬂﬂa‘[ﬂwﬂ 1ﬂLLﬂ

deuterium, carbon' wag nitrogen® aslulumatnuazasmasgruiazaisunninaspuloadunsu

19 4 70 HumMsanaNuAaNaI9289MFIANY tipsanassunmuludiegie (matrix effect) way

msgydearsiiiezulutunsurasmsanamaguiinanugneaswatnailasiniumsldinaiin MRM

(Multiple Reaction Monitoring) Ntdaniawmmzlasausasansiiaulade munaasaalszy (mass to

charge ratio; m/z) Anamiloy MS ¢ 1 2819 selected precursor ion WU Mmntianmsuane

(fragmentation) waz MS ¢1# 2 1% product ions (base peak and confirmative ions) U
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Y aca I's dy v 4 P a a o
NMINAFTUANNYNODNYBINIFT Lﬂ'ﬁ’]tﬂﬂ’]’ﬂu‘[miw‘j LIULNOU alavﬂu LUadn") g [RINgIInNa

Yo

detector 11U M1 background noise MINFNTIUNIUANEY LANNA signal to noise 2a9aNT dMa ldaNM
Tanszaumilanuldu

MIANEDNMIUNUMBENLNBINNNATOUANNYNABILDIIT AT WuTnilanlianssunIum
peak 284 SEM (afisuduans S/N Au spiked sample szdu LOD # 0.1 lulasnSuaanlansu
szaurasanIsuMUiimma lifinanssnudamaitenzd druilalavazdunylainuassuniveasssiaula

MINAFIUANNYNAIBNIGlanaaaue linearity and working range, LOD, LOQ, accuracy
waz precision My performance characteristics NMuua eaglunariarnsoininlfiduiziwnzd
Tuiesdfudimsle Tesdznenududuaswaimsienzd 0.1-2.0 lulasndudailanin fien LOD waz
LOQ 28935 0.05-0.3 1z 0.1-1.0 llasn5uaanlansy mumeu S duANNLNULALANNNE BN IATEH
aglunaui lagdie % recovery 60- 120°" waz HORRAT 1iaend 2

nsdifagnaunyuazaiasludu g wuhmssunmulumegmianylhmsinanas Jadinaunau
dfiaae n-hexane Tuasasanadadi wuhdaauanylhimsia AMOZ Feananily peak garhe
udlifinadaansadu 9 aanua LOD uas LOQ zaunsatludaiisganhaadniniuiladod uddaanso
Falamieszaunmuue auiumneasnmsanassumuuaziinanyhlumsinsedisienzdaniudoaia
& o a &£ . .
2unaUM I IMUTanslagmsld SPE (Solid-Phase Extraction)

dsziliuenulaiwivauaasmsio wumenuldwiuauzenswnu + 0.06 lulasniuaanlansu
(+ 18.8%) NaNNFNUIazaz 95 aRNaNANNENMAFNHaYaIaAaNN N uauuenag luwn o

(12) v v v o q'uw [ 1<[ [ |q<[ [ (3 ] ‘1- v PRy
289 codex"'” (UpanNIoEaz 44 N3zauMsIa 100 lulasnsuaanlaniy) dadruzasenulauiuauni
dl v 1 U vV Vv nﬂ' v a < v Aﬂ' v

wniiga laun eanududuasilannnaviinasgu Aadusesasz 49.63 asnnnnvainasgiulaann
mata3enasnasuidesuenedenudasenudiduuaslilaiiiiafsdeg Jvenalinadamanududy
dﬂ' J v v v ) 1 1 é’ = . . .
neoule ddssmsananuliwtuauludiuiinisedaunsMuasgIuLuy matrix matched calibration
curve fa filladmaanlumse3snudeInuMSeSaNmpng INNUIUTEAUANNTNTULIZNITINTD
Tuudazszaurasasinasgu sesasanda erenuladuduaunnmsmanseaas 39.90 Fananubiwiusule
ToamstnNINUILATZHTYB9R 198N

{338 la1iniFienzdnmmsnesauanugndes asramednlulassmsnagauanuzinyms
AN RiaelJUAMS (proficiency testing) ae FAPAS lagnamanadauagluinasi de) Z- score
<2 Mlinulannugndaswauaiteszy wasiinduriinuasasloaiinsanal relative retention time
ATEIUIEWIN retention time wasasiaula AUas internal standard lumatafiaunuasunasgiu
mwanasaviiaagluinaeisosas + 2.5 wasMUINNA % relative intensity Sp8azUIBNNTIUTLNIN
ﬁiy,iy']mﬂ’?ﬂlﬁ’ﬂm confirmatory product ion ﬁué’tytywmﬁ%mlé’wm quantitative product ion lTufmaeng
o U dl Y o L 1 Aﬁ' v ] '3 W d' v . v
iheniilaiisunuaniilannasanasgiu wusglunasisanduiisosas + 20 (relative) uazsazaz + 25
(relative) i@ % relative intensity 289 SEM l#@annn 50 waz AOZ, AMOZ waz AHD lvim
% relative intensity 3nAMN3BEaz 20-50 MuMOU U lanansiasranulumedreiilassasramanil
WU TNINTFIU

SamuTinaandessaslulasiusumavalaviluiiads daln wiaelula dany was
wInalunyfitiunnaaedauazguasinitie TagainnuanEnITNMIBIMNIUAZEN TTUTN W.6. 2551-2554
7 402 ¢18EN MM Talinuesiio AHD waz AMOZ andnludagnnnziia uazlinumsand
paangueniiluiianuindadluzesla udwu SEM anfmalus senin <0.3 - 2.3 lulasniudsilansn Aadu
v YV lﬁgl lﬁ' 1 W 1 £ L
Jeear 4.2 Wu AOZ andnlwilanyuasiadatluny 53 <0.1-44.5 uas <0.2-30 lulasnsudanlansu
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Do
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#53WY total SEM uaz bound SEM lutilars 0.76 uaz < 0.5 lulasnIudailansn enuanau asuuiiawy
MINNANUILAILAUNINTFIUBNAA VB UTUM IO 19T 018%Ti0 bound SEM ZHa51am laglnuzuaaunsa
free metabolites 8aNNNHIBENAIY methanol uazin naumslalasladmiansa® Tamnnuasiipeainse
2190 24NTIFBUMS LN nhSudelagnss drumsanmezas AOZ Falluuaualariuas furazolidone
Twdlanyuaziasasluny asanuseninegnlndrsiannl malee e iU ainnassIumvue way

u u 9 @9
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Method Validation and a Survey for Total
Nitrofuran Metabolites in Animal Tissues
by LC-MS/MS

Malee Jaroenvitvorakul
Bureau of Quality and Safety of Food, Department of Medical Sciences, Tiwanon Road, Nonthaburi 11000,
Thailand.

ABSTRACT Nitrofurans were used effectively as medication of animals in the past. Due to the
evidences of their properties as carcinogenicity and mutagenicity, Thailand and many countries revised
the legislation and regulations to prohibit the drugs used in food producing animals. The European Union
established the Minimum Required Performance Limits (MRPLs) of analytical method for nitrofuran
metabolites namely 3-amino-2-oxazolidinone (AOZ), 3-amino-5-morpholinomethyl-2-oxazolidinone
(AMOZ), 1-aminohydantoin (AHD) and semicarbazide (SEM) in animal products at 1.0 ugrkg.
The determination method has been developed and validated. The four isotope-labelled analogues were
added in the sample as internal standard. Acid hydrolysis to release the side chains of metabolites
from protein-bound residues was required and metabolites were derivatised. After pH adjustment to
7.0 £ 0.5 and liquid-liquid extraction, the residues were confirmatively determined by LC-MS/MS.
The method validation showed the linearity of working range between 0.1-2.0 ng/kg with correlation
coefficient valued 0.9860 -1.0000. The accuracy (% recovery) ranged within 88.9-112.0% and the precision
was evaluated by HORRAT method and given the values lower than 2. The limit of detection (LOD) and
limit of quantitation (LOQ) were 0.05-0.3 ug/kg and 0.1-1.0 pg/kg, respectively.

The survey research on nitrofuran metabolites abuse from 402 samples of edible animal tissues,
sold in the local markets and supermarkets in Bangkok was conducted during 2008-2011. The result
showed that AOZ was found in pork and visceras 12.2 % and SEM in shrimp 4.2%. The amount range
of AOZ and SEM were <0.1-44.5 ug/kg and <0.3-2.3 pg/kg, respectively. The detections of AOZ and SEM
were not significantly different (p>0.05) at the survey period, indicating both of drugs were still used in

animal farms. Therefore, monitoring of drug residues and strictly law enforcement are further needed.

Key words : Nitrofuran metabolites, animal tissues, LC-MS/MS
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