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UNAMSa

nafigailpna Fldrediiieesilaamaiia  LC-MSMS  iefiusuaianaziiunnians
mnﬁﬁ\m@'m nitroimidazole 7 A M@Wn metronidazole (MNZ), ipronidazole (IPZ), dimetridazole
(DMZ2), ronidazole (RNZ), IPZ-OH, HMMNI a2 MNZ-OH agild diethyl ether luangana seivg
U IUAIR A AN THANIIIINTNIAY acetonitrile §MTNEIY 1:1 AlATzTTiauazENE
waiia LC Tnel¥redusinfin C18 anaeuiifluansnanszdinainuas acetonitrile #39a3AA1N9a
alseq (m/z) mﬂqmimjuﬁﬁqmmﬁﬂ electrospray ionization (ESI) 1¥uadail Arfesazaaanisld
nRUAWRAS (mean recovery value) 184 MNZ, IPZ, IPZ-OH, DMZ fidaemanadudu 1-3 Tulasniu
Alandu winfu 100.0, 99.6, 101.1, 103.2 UAZBY MNZ-OH, RNZ, HMMNI fiaapansiddi 2-6
Tulmandu/Alandn windu 96.7, 100.1, 97.4 muandy AnanszanelugtluuuAdnissansaans
uilst99u (within laboratory reproducibility, %CV) 489 MNZ, MNZ-OH, IPZ, IPZ-OH, RNZ, DMZ,
HMMNI #iaoadindusnganiniufesas 8.0, 105, 23.1, 10.3, 6.8, 9.3, 17.4 AWSFL A1
decision limit (CCOL) WaAN detection capability (CCP) A5 MNZ, MNZ-OH, IPZ, IPZ-OH,
RNZ, DMZ, HMMNI Wiy 1.19, 2.48, 1.52, 1.24, 2.32, 1.22, 2.79 uay 1.32, 2.81, 1.89,
140, 255, 1.37, 334 llnmnswAlansumudsu GwansAnsiledlunnsfoensuldn
NMsg1uanunnelst (European Commission Decision 2002/657/EC) )nnw13ndines lun1sigail
fjﬁ‘ﬁﬁLm‘mzﬁﬁmmmiﬁmm@ﬁuﬁwﬂﬁmLmzﬂ?mmmmnﬁwﬂzﬁu nitroimidazole wag e iulas

7 atiasanana e

ANANATY : method validation @13ANANNNAN nitroimidazole LC-MS/MS  ilaa
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UNU

mamg’u nitroimidazole @A metronidazole (MNZ), ipronidazole (IPZ), dimetridazole
(DMZ), ronidazole (RNZ) ?’JN%&LNM’]TU%WH@MW?HQN& 18un 1-methyl-2-(2 -hydroxyisopropyl)—
5-nitroimidazole(IPZ-OH), 2-hydroxymethyl-1-methyl-5-nitroimidazole (HMMNI) hay 1-(2-
hydroxyethyl)-2-hydroxy-methyl-5-nitroimidazole (MNZ-OH) m?mjm‘ﬁﬁmﬂLLMLL@@T@HMN%M
Lanias ﬁ@m@uﬁﬁLﬂumﬂﬁ%qmLL@:mtﬁ’ﬁw,%@ﬁm%'qﬁmﬂ%ﬂmﬁuu@:mu@u‘iiﬁ Histomoniasis

way Coccidiosis ludmdtinuasldinunisn Trichomoniasis Mla nszila (Martin J. et al., 1998)

1laqiiu@13ngy nitroimidazole Antflunguivinuldnanluarisiaasdndniiunldinenisuiing
(nsndAdnd, 2545) uavsedraayninlunistiigi ANNLFZNANTEN NI NS (FRINTFUNEN
Ao & = o Ao & o No R o & o o
WNATARAT InaeraundTANA Ut uazindaiaddurinedniagidnunlusgennindng w.e.
D X A o Ny A | ' < . . '
2545 ennguiiilunasdeuasideyaliinaanadniluansnensifs (carcinogenic agent) uazansma

'8

n1sNaneiug (mutagenic agent) visald atnglsfininluranisunndld metronidazole VARTaNN
1981 Flagyl  uag Servizol  lunnsinmnlsadaidaiingls ‘Emﬁm?ﬂ”@uumﬁﬁﬂmﬁm anaerobe
nadnaBesiidnfyes metronidazole Aavlpauld dandsws aufusawlaoull dquindiann
disulfiram Guiflugninenlsnfisege gﬂ‘?@ﬁﬂﬁé’?ﬂﬂizmuﬂﬁﬁfmmimﬁwgmwwﬁamaﬁuzﬁm (4
fia, 2008) ﬁqiﬂﬁmiﬁwummmmﬁfgmmsmnﬁwz_gmmﬁﬂ@ulﬁﬁié’ (maximum residue limit) §ati
mmgmmmmamjuﬁﬁ@ﬁmiaiwunwmnﬁﬁwmmamﬁ (zero tolerance) N13ANANG I UBINTERT
BIAAINANTTNUARLLTINALAZNITNUFANTT49R8N ﬁ\i&u‘i%‘iLquﬁ‘ffmﬁmgﬂﬁmmeﬁﬁz_gm@z
mmmmq%:qiﬁ%\wﬁmLL@:ﬂ?uﬂmﬁﬁﬁmnj A89ATNEidaemAiA liquid  chromatography
mass spectrometry/mass spectrometry (LC-MS/MS) Humaiafildunseensuuasldfuang
n9192979 TneenAanisuanmeinaila high performance liquid —chromatography (HPLC) Wa9
RIIVANIAFDLTE] (M/2) FaeLAaa9ns2a3nTTin triple quadrupole mass spectrometry (MS/MS)
U positive mode Tmai@unullLL multiple reaction monitoring (MRM) TneTiAaeaRiAseingg
(mass analyzer) ‘gm‘ﬁ 1 ARLLINNIAZITLIRNIZUDY precursor ion ﬁﬁmmi LL@::Lﬂ?:mLLEIﬂa\I’m‘gmﬁ 2
ARULNNIAANTTDY product ion YEG daughter ion ﬁiﬁﬂ’mmﬂmﬂﬁfmm precursor ion AN BUINI
mﬂ\izﬁﬁmwﬁiﬂ (European commission decision 2002/657/EC)
maﬁﬂmﬁﬁ"?ﬁ]qﬂi:mﬁLﬁ@ﬁ@@ﬁmmiﬂé’m@ﬁﬁﬁme:ﬁ(method validation) lun1sm9qa
A19ANANNEN nitroimidazole uazinmAnlulas san 7 4tia Fansnadnedugaanisnmalunfaiien uaz
Uszenef W diethyl ether luansazanelunisain Taewnadmefmansldun szduaanudud
AvFuFAAWlA TN AIIANL AT ANNLARNALAREUN AT O (Ot-error) (decision limit, critical

. = o v o A v ~
concentration at O-error %178 CCQL) LL@:ixmummmmu‘mmmmgﬂmwmﬂ?mmmmm?mmm@
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wu%’ﬁmmmmmm?ﬁlﬂummﬁﬁ B (B-error) (detection capability, critical concentration at [-error
78 CCP) ﬁﬁlﬂumﬁﬁ@wﬂ@'u nitroimidazole Lluaninuld o-error Winfiufaaas 1 uaz - error Winfu
Yotz 5 ANDNFaY (accuracy ia % recovery) Anduilsr@nanaanisnszanssia (coefficient of
variation: %CV) 984 repeatability Wag within laboratory reproducibility ﬁQQﬂQWNLﬁN%’uﬁW\‘I’MW

uazAsANLIlUAURI9aRY calibration curve

L4 aal
alnsaluazIang

[ %

Janailnsnl

PARANAABNTUIA 50 NARAMT, beaker AWM 25, 50, 250 HAAAMT, volumetric flask111A
10, 25, 50 HaQAMT, NILLANANIUIA 10 Laz1,000 NadARMT, lab. bottle 1 AMT, pasture pipette,
nylon filter pore size 0.45 luAsau, syringeaunn 3 Radans, microvial WaulNIUIA 2 RARART,
TANTEY mobile phase w¥aN vacuum pump
\AERfa
saeiianal

AaRaTeaiAEn 2 AU LAY 4 AL, food blender, homogenizer, vortex mixer,
micropipette 20-200 waz 100-1000 13J<Em§m‘a‘, centrifuge, ultrasonic bath, nitrogen evaporator
LA3R9TBRLATIZY

liquid chromatography (shimadzu §u 20 A) FndanteanaiAReud wanaluniai 1
LAY mass spectrometry (applied biosystem ﬁju API 4000) parameters LAZAN retention time

Tneitlszunniae9dns wanglunsnen 2

A1599 1 dRndauzaananaaun (AB) Nansnge

. FR3INg e % WALARDUN A % WaLAReUN B
IR (WN) - »
(NARNRRT/UN) (deionized water) (acetonitrile)

(34 0.6 90 10

4.0 0.6 70 30

6.0 0.6 60 40
8.0-104 0.6 0 100
10.6-13.0 0.6 90 10

A15LANH
A15NILASIZI 7 A Lawn

metronidazole (MNZ), ipronidazole (IPZ), dimetridazole (DMZ), ronidazole (RNZ), MNZ-
OH, IPZ-OH, HMMNI
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&1 Internal Standard 6 @im lAwA

deuterated metronidazole (MNZ-D3), deuterated ipronidazole (IPZ-D3), deuterated
dimetridazole (DMZ-D3), Deuterated ronidazole (RNZ-D3), deuterated IPZ-OH (IPZOH-D3),
deuterated HMMNI (HMMNI-D3)
ASART AN

diethyl ether (AR grade), acetonitrile (HPLC grade), exane (AR grade), deionized water

Faadeiildvagay

Lﬁ@iﬁﬁié’mnmiwmmmé’qﬂ@@mmm@ju nitroimidazole 1/9rx104 500 N§u AN
aziBunfa food blender Feldnaannanasauna 50 SaaaRI waanAL 4 NFM S 3 1AN"T

NARDL TART 28 NADA

M54 2 parameters U84 mass spectrometry LWAZAN retention time Taeilszanniuedans

retention  precursorion  production DP collision Internal
A9 5 CXP
time (UN) (m/z) (m/z) (volts) energy (eV) standard
81.10 40 37 4
DMZ 714 142.15 DMZ-D3
95.95 40 24 5
DMZ-D3 714 145.15 99.10 41 23 6 -
82.15 35 36 4
MNZ 5.60 172.25 MNZ-D3
128.05 35 19 7
MNZ-D3 5.60 175.25 131.20 31 21 8 -
122.95 36 21 8
MNZ-OH 4.65 188.30 MNZ-D3
125.95 36 18 8
55.16 20 37 2
RNZ 5.80 201.23 RNZ-D3
140.10 20 19 8
RNZ-D3 5.80 204.23 143.10 16 17 8 -
55.10 31 31 2 HMMNI-
HMMNI 5.40 158.26
140.10 31 17 8 D3
HMMNI-D3 5.40 161.30 143.10 31 19 10 -
109.20 41 35 6
IPZ 9.39 170.25 IPZ-D3
124.10 41 25 8
IPZ-D3 9.39 173.25 127.15 31 27 8 -
122.00 31 33 18
IPZ-OH 7.46 186.27 IPZOH-D3
168.15 31 19 10

IPZOH-D3 7.46 189.26 171.15 36 19 10 -
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809

)

ABNN9LATENAIDENIRINTUAS9 matrix calibration curve

4 L‘ﬂ@iﬂ'umﬁlié’mnmmmmuLLz’v’fmaﬂmmmzju nitroimidazole 1d%aaANAA8I 6 Ya8A"]
AT 4 NFU WAAZUARALAN Internal standard MNZ-D3, DMZ-D3 IPZ-D3, IPZOH-D3, RNZ-D3,
HMMNI-D3A2a g 2.5 luTasnia/Alansu waand 2 eviaend 6 A A170CANENIATFIU MNZ,
DMZ, IPZ . IPZOH , MNZOH, RNZ, HMMNI 1#1&Aanuiduduuanslumsed 3 ualidntugas
vortex mixer Bane1d 10-15 wai  Fi diethyl ether 15 HNadaMT sl wide Fafudae
homogenizer ﬁmmﬁ*qqmm 1 1t W lutumnazneudanieies centrifuge 7110°C AIISY 2,000
20U/ 1987 10 W wengdaula (ﬁ%\‘lﬁ 1) fneldraenuun 50 NadanT afASNANAY LA
14 (ﬂiﬁ?\‘iﬁ 2) dneldvannsuiudaulanianen suivsuiiadas nitrogen evaporator‘ﬁ 35°C AN
hexane 1 NAAAMT WAL acetonitrile : deionized water (1:1) 400 lulasans nanlEdNAuA28 vortex
mixer tinlUiuANAZNewT10°C AMNaEa 2,000 TRLAUNT 1981 10 W7 gATU hexane Tvagduuy
7l neesansavanadauansdae nylon fiter pore size 0.45 lumsat & vial HdiAreqaaans
saludRiiensaiinazifan LC-MS/MS Aeldl (17NQx nitroimidazole zﬁmﬂﬁadf\mﬁﬂgﬂl,l,mamm

patiuassiasilasiunisgnuasndunew)

al o I . . .
AN 3 : TLAUAMMNINUAUNRY matrix calibration curve

b b 1 o a o
AT ureaLsazans (lulasniu/nlania)

Z‘i’]ﬁ‘ﬂt@’]ﬂﬂﬁmﬁ‘ﬂ’]u
“an 1 Nam 2 “aem 3 “aem 4 UM 5 NABA 6
MNZ, DMZ, IPZ, IPZ-OH 0 1 2 3 4 5
RNZ, HMMNI, MNZ-OH 0 2 4 6 8 10
MNZ-D3 , DMZ-D3 |PZ- 2.5 2.5 2.5 2.5 2.5 2.5

D3,IPZOH-D3, RNZ-D3,
HMMNI-D3

nsiiganaNNldlaaadiginszi

siifelrfdsldvaaanaaacuda 28 vaan oauaanidy 4 TATALTUADA  UAATTALAN
Internal standard MNZ-D3, DMZ-D3 IPZ-D3, IPZOH-D3, RNZ-D3, HMMNI-D3 l#l#manu
dadu 2.5 TulnsniAlaniu g0 2, 3 uaz 4 ANANIATANENIATFIU MNZ, DMZ, IPZ, IPZOH,
MNZOH, RNZ, uaz HMMNI wanslunnsnsdi 4 ianisafamaianssiausetnadmiuaine

matrix calibration curve ﬁﬁﬁﬁﬁaﬂmmiwmmuﬁaﬂ 2 4m 3984804 3 gAnInAdaL
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Ly

P59 4 AnNdinduresansaza1ENIRTg LAY Internal standard M TusRaE BN TNga

AN I LA Ua93aA LAY

AN NTUraaLsazans (lulasniu/nlansy)

ANTATANUNIRTTU | | J |
1ANT X 7HABA  TAN2 X 7TUABA  TAN3 X 7TUABA  TANS X 7TUADA
MNZ, DMZ, IPZ, IPZ-OH 0 1 2 3
RNZ, HMMNI, MNZ-OH 0 2 4 6
MNZ-D3 , DMZ-D3 IPZ- 2.5 2.5 2.5 2.5

D3,IPZOH-D3, RNZ-D3,
HMMNI-D3

N19ATUIT

n1rAMIILTNNN wazn1sEudutiinaesansinematin LC-MS/MS  AINULWANIS  European
commission decision 2002/657/EC
1. 13NN ULRIANTUAAZTRAAIUIIANANNNTAWATITRY matrix calibration curve NaF19TUTZIINg
WNU XUAZY
v v o 1 v v ‘ﬂl
X = pnndindussAus1eaessuingiu/ audindunsiaes Internal standard
Y = intensity peak 484 primary ion / intensity peak 284 Internal standard
2. BuduliunniuazaiinreansanAedaannmines aesallil
2.1 ion ratio memmgmmamw = intensity peak 184 secondary ion / intensity peak
AN primary ion
° \ = a o Fy ' a . X o | v v
2.1.1 AMurntwAuAaaAaeunaaniLlfaasAaas on ratio (18 2.1) dasaanududu
1 0910 lulmpsnfu/flansy  davmqnumatmAdeunaansuls 70-110 % (European
commission decision 2002/657/EC)
2.1.2 nstiududransinssanuiugtiameaiuiuatsuinsgusintiunensauey
1 . . % [l | I8 o 17 dll = o
Anion ratio siavegfluganmuginseeniy (fe 2.1.1) WenFeumauiuatsuing
3. retention time 284 sample WAANTNIATIIUFBINTAUMTRRE lunMITliuTesas 2.5 199

retention time m@qma‘mm‘gm

ngAuIlsNIu cCal was CCp
CCQL (decision Limit) = AANdiNduszAUA4aT spike (A) + (2.33 x SD 184 A)

CCP (detection Capacity) = CCOL + (1.64 x SD 184 A)
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INUNNSEANTUATNISIHARST LU RgAUAN LD LA2a9dEILASIERAINLUINIG European
Commission Decision 2002/657/EC

1. accuracy ALAINEAAINAT % recovery of spike sample m@qm?mmgmﬁﬁ‘xﬁu 1-10 luTmsnu/
nlaniu faveludaa 70-110 %
2. precision 3LAT1EAINA repeatability (CV, %) Wway reproducibility (CV, . ,%) %Qﬁwﬁuﬁxﬂ&iﬁ
Saiait]
msgulugaspauidiutennd 100 TulasniuAlaniu wivnniduldifaosiiAnen fszdu 100
lauTasnsu / Alanfureproducibility Tdifiv 23 %

3. linearity (r) AR9NINNI1 0.995

HAN1TNA[RN

1 a 1 dl ¥ a v v aada ' k% 1
AINITINLABTAN ] WITﬂ?iLNHﬂQ’]Niﬁ]i@‘ﬁﬂ\ﬂﬁ’JLﬂﬁ"?a‘i‘ﬂ eLuﬂ’]ﬁ‘ﬁl‘m@@’]‘Wlﬂﬁ’]\‘m@N

nitroimidazole waziuanTulailuiladnd 7 3 szsumuidndy sananalilumn1319n 5

AN99N 5 NANNINAREY

o o parameters
ANNLLNYU
. accuracy
a19 (thﬁ‘iﬂﬁJ/ CcCa CCP 3 precision reproducibility  Linearity
LARE
nlani)  (ug/kg) (Wg/kg) (% CV) (% CV) (r)
(%)
MNZ 1,2,3 1.19 1.32 100.0 7.6,83,5.7 8.0,8.3,6.5 0.9986
DMZ 1,2,3 1.22 1.37 103.2 5.6,6.5, 3.7 9.3,8.1,9.0 0.9980
IPZ 1,2,3 1.52 1.89 99.6 23.1,7.2,5.7 23.1,8.8,10.1 0.9986
IPZOH 1,2,3 1.24 1.40 101.1  10.3,9.4,10.3 10.3,11.0,170.3  0.9951
RNZ 2,4,6 2.32 2.55 100.1 4.9,6.9,5.9 6.8,6.9,7.4 0.9980

MNZOH 2,4,6 2.48 2.81 96.7 7.7,8.0,9.8 105,156,111  0.9974
HMMNI 2,4,6 2.79 3.34 97.4 104,5.7,56 17.4,10.2,7.8  0.9990

UNEIUG NUTIN138BNTU - % recovery of spike sample ¢/lW139 70-110 %
- reproducibility N3zéu 100 lulasniu/Alaniu w23 %
QII Y v °| 1 o a o o 1 I8 o
- Pszannudinduningn100 lulasnfunlanFudeliiinausinnsaeansy
Auduauwsivanidull1finasiie % cv finne

- linearity (r) FR4NANN1 0.995
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a 4
dgiluaziangnl

n1sdsviiietiuduaiinuaziFuIna19AnANeNgy nitroimidazole waziumnlulas sou 7
a aa o Y . o o Y a Y a
11n Inedsnsanndae diethyl ether 29nladudag hexane uazAIIadLATIZARENATA LC-
MSMS Aldauautlarunnsigatanldlduaznanisfnmnag lunaeiseniulasuansly
PRI = > X oy o = | |
AN 5 TIN1TANEIATIUNLINATREATIBININALAWBAE (% recovery) B 11194 96.7-103.2
wazANIIngzant lugtuuuAduLss@nsaannutlstlsau (within laboratory reproducibility, %CV)
agludae 6.8-23.1 BnanisAnmeg lunuaieeniuldniuninsguaesanninglsl (European

k%4 o 4

Commission Decision 2002/657/EC) T948AARBIALNNIANEIYDY Martin WazADLE (1998) 1 l6
Agadanldldaasnisdimseiluialnnscsuaoududu 5 pg/kg 1e9819ANAINgN
nitroimidazole waziNAIU1as 294 3 18im An DMZ, RNZ waz HMMNI ldAN5asazae9n1snavmi
Wiy 75, 77 waz 81 maNansu AnisnszanslugtuuuAidndsr@nsaannutsdsau (% CV)
WinAL 16.4, 11.3 Uaz 14 AINRIAL A1NN1Inaaes uaisinudlunisainansngs nitroimidazole
uaznnlulaiinedsnsaindae diethyl ether Tuaunsnannasluasumneaiuléng 7 15in Tne'ly
k% 1 2 . . = v o Y -QII
ABNEKNUNNT cleanup M98 solid phase extraction (SPE) an Tdnanluntsanatiasuas ansazaian
1l uansnean I faTIwAnFA19iU Cannavan A. wazAnse (1997) 14 dichlomethane @4 @13avans)
o agl/ | 1 @ . . % 2 a Y L.

Aallud19ianzLaN (carcinogenic agent) wazlunsannleans 1 e (DMZ) wazld silica gel
cleanup Xia X uazAnie (2006) I acetonitrile lun1saringsnga nitroimidazole 4 1A 339

Y o .3 .if 1 an:ll (BN v n:lld ¥ ¥ C: o

Tl snldgesnn aunsansaanansanAnanilsunnmonsdudusn (1-6 Tulasniu/
Alanin) lwiledndld Aadnugnsies meteldniuninsginaesdszmagAn derinladulaladn

AN NLHadRSHaNlaansiasedisina
nAnangsuilsznA

1098 LANEUTNTINWIAIETANIANAN AR dUaTaasiuL NANATIRARLIANININILO LAY

HANARANART A1inAadauAnNINERANL AGRSYNYINuNT LISt ATI A UA115AqaN9a A

LATUBUDLATIANIZNITHNIINANTUNHALT WA uUz i uaz i laenansiauide il

LANA1TRIDY

6

nINUAdRd. 2545, eARdANANY AINNLABAAININEIMITRATNNIANATEINLTINA. ToeNNigNy
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Abstract

The determination and confirmation of 7 nitroimidazole residues metronidazole (MNZ),
ipronidazole (IPZ), dimetridazole (DMZ), ronidazole (RNZ), 1-(2-hydroxyethyl)-2-hydroxymethyl-5-
nitroimidazole (MNZ-OH), 1 — Methyl-2-(2-hydroxyisopropyl)-5-nitroimidazole (IPZOH), 2-
hydroxymethyl-1-methyl-5-nitroimidazole (HMMNI) in chicken meat with simple extraction method by
liquid chromatography mass spectrometry/mass spectrometry (LC-MS/MS) was validated based on
European Commission Decision 2002/657/EC. After samples had been extracted and the solvent
evaporated the residues were reconstituted in water/acetonitrile and separated by LC using a C18
column with mobile phase of water/methanol to detect and quantify the residues by an electron spray
in the positive ionization mode. The % mean recovery values were 100 for MNZ, 99.6 for IPZ, 101.1 for
IPZ-OH, and 103.2 for DMZ when samples were fortified at 1-3 pg/kg, and were 96.7 for MNZ-OH,
100.1 for RNZ, and 97.4 for HMMNI when sample fortified at 2-6 ug/kg. Coefficient of variation (%CV)
were 8.0 for MNZ, 10.5 for MNZ-OH, 23.1 for IPZ, 10.3 for IPZ-OH, 6.8 for RNZ, 9.3 for DMZ and
17.4 for HMMNI. The decision limit (CCQL) were 1.19 for MNZ, 2.48 for MNZ-OH, 1.52 for IPZ, 1.24 for
IPZ-OH, 2.32 for RNZ, 1.22 for DMZ, and 2.79 for HMMNI. The detection capability (CCP) were 1.32
for MNZ, 2.81 for MNZ-OH, 1.89 for IPZ, 1.40 for IPZ-OH, 2.55 for RNZ, 1.37 for DMZ, and 3.34 for
HMMNI. The validation results were an acceptable range of European Commission Decision
2002/657/EC. Thus,this method is suitable for determination and confirmation for nitroimidazole group

and their metabolite residues in chicken meat.

Keywords : method validation, nitroimidazole residues, LC-MS/MS, chicken meat



