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Abstract isotope labelled and isotope non-labelled authentic
chemical were identified. To prevent errors and achieve
BACKGROUND: To identify the sources of inaccuracy in more accurate data during the analysis of small molecules
LC/MS/MS methods used in the routine quantitation of by LC/MS/MS SRM method, Followings should be taken
small molecules are described and discussed. care of and kept checking; purity and concentration of
METHODS AND RESULTS: Various UPLC coupled to stable isotope as an internal standard, prevention of
triple quadrupole mass spectrometer and time of flight carry-over during the separation in column, minimizing the
(TOF) were used to identify the potential sources of  ion suppression by matrix effect, identification of retention
inaccuracy and inducing the pitfalls of qualification and time, precursor ion and product ion, and full knowledge of
quntitation during the veterinary drug residue analysis. data processing including smoothing and peak integration.
Some of stable isotope labelled veterinary drugs, which
were used as internal standards, presented “cross-talk”, Key words: Cross-talk, Inaccuracy, LC/MS/MS, Selective
regardless of manufactures of mass spectrometer and types reaction monitoring (SRM)

of spectrometer. Group of sulfonamides also presented
inaccuracy qualification and quantitation due to the M E

multi-residue analytical method with the same fragment
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ions at the close retention times.
CONCLUSION: The phenomena of ““cross-talk” occurring
between subsequently monitored transition from stable
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53], # 9e] W43 ¥ UPLC Ei+= UHPLC (ultra-
high performance liquid chromatography)9} LC/MS/
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(triple quadrupole mass spectrometer)= ©]-8-3t J 7|
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o] AHIE, cross-talk, ion suppression, $H8-59942] U]
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471712 UPLC/MS/MS+= Acquity UPLC-Xevo Q
(Waters Corporation, US)9} Agilent 1290 Infinity,
Agilent 6430 Triple Quadrupole LC/MS Systems
(Agilent Technologies, US)<, UPLC-TOF:= Acquity UPLC-
Synapt G2 HDMS (Waters Corporation, Milford MA,
US)E, XF#< Fluka production GmbH (Buchs,
Switzerland) 2] Ph Eurd 2 clenbuterol, clenbuterol-Dy,
erythromycin, erythromycin2-"C, sulfamethazine, sulfamethazine-
6-°C# sulfadiazine, sulfathiazole %< 23l 14%
sulfonamide 7 - AE, acetonitrile 5 F7]&+= J.
Baker?] tHtiAl-8-2 AHE-SISIT
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7171848 C18 ACQUITY UPLC BEH (100x 2.1
mm; particle diameter 1.7 pm, Waters Corporation,
Wexford, Ireland) Z< ©]€31od, 0.1 % formic acid/
water and 0.1 % formic acid/MeCN & S8Z7S 2%
sto], ESI (electrospray ionization) positive® 4131312,
™, Hlo]E+= Masslynx, Targetlynx (Waters Corporation,
Milford MA, US)$} MassHunter Workstation Software
(Agilent Technologies, US)E ©]-&3}o] 3 #4313t

T RS AT e wet, 3 S
| A SEs A4 FYst] sras ERIske
0], SHEFEALLE W AT EFEALRE o=
2 F1AF gjEolzkar Sk 1980-1990th FREe
LC/MS 7)&2 GC/MSZE AHA el EXo] E7l53 =4
4% FEAS glole ARAo R $AE F Sivks 4
o] EAAEelAl & ke Eeldozlth I, 1990
A HIZ7HA= LC/MS AHAPE S71gke =M thefst i
AFFEE UERgE], g C7h o]23F a8 dAst
Atz A3l FAo] Wl =2 SFPEES THo] oEy, 2
= AR post-column 50 thEOZ AQtE o] 285
I Qltk TlEo], LC/MSS] ARl Qlo] 7 & EAR R
] I3 (matrix effect)ell 2Jgt ion suppression $1&
W AAk=e] Bastal Slvh (Antignaca et al, 2005;
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Table 1. MS/MS parameters for analytes and internal standards of amoxicillins

MRM* transition (m/z)

Generic Name . .
Precursor ion — Product ion

Cone Voltage (V)

Collision Energy (eV)

Amoxicillin 366>114, (366>208), 366>349 22 20, 8
Amoxicillin-6-"C 3725214, (372>114), 372>160 22 10, 10
Sulfamethazine 279>124, 279>186 40 26, 16
Sulfamethazine-6-"C 285>124 36 26
* MRM, Multiple Reaction Monitoring
Amoxicillin 60
I 366>208
50 1 366>114 1
372>214
774 372>114 I

Amoxicillin-6-3C

£
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Fig. 1. Precursor ion full scan spectra of amoxicillin and
amoxicillin-6-°C with LC-MS-MS.

Premier, MRM interchannel crosstalk, 2004, Thermo
Electron Corporation Application Note: 351, 2005,
Agilent Technologies Application Note 02339, 2010).
P F S U EFEARS] A W FA el
2= 98-S g2l F77 amoxicillin® amoxicillin-6-"Col
3l Table 12 EAFACE, TFEWOF scan modes}
MRM mode®lx] ZAFSITE Fig. 1> amoxicillin?}
amoxicillin-6-"Cell t&t scan model] AFAFHAEH O 7
TOF 3 #Z& eyt ofvus, AFAERZES] m/z9]
SAT Aoli= e }UaL, 7+ 3] precursor
ion?l 3663} 372 (m/z) ZHZtell tiEll 114 (m/2)¢] &=
intensity s YEME product iong 35OE 7HA]= Zlo]
gl=] 3t o] MRM 2] o)A product iong o]0
2 AT A9, Ao R Ry vos wirg Azt
o] A2l 27] wiZell product ion 114 (m/z)7} amoxicillin

40

20
10 'ﬂé
0 7P

Amoxicillin-6-13C  Amoxicillin + Amoxicillin-6-1>C

Response

Amoxicillin

Fig. 2. An example of response increasing pattern of
product ions by isotope labelled internal standard;
amoxicillin: 5 pg, amoxicillin-6-"C: 5 pg,
amoxicillin+amoxicillin-6-"C: 2.5+2.5 pg.

7} amoxicillin-6-"C % ST 2HE F3 AAA S FRe
I e 21lo] Hrk Fig. 2+ ol& Iy flste] BEFE

WO F  amoxicillin 5 ug, amoxicillin-6-"C 5 ug,
amoxicillin+amoxicillin-6-"C: 2.5+2.5 ng O% ZA| 5}
Zhzt A sk Avto|t. 1 A EFHARE AARE Htd o
Z  amoxicillin-6-"C2] 372>114 (m/z)7} amoxicillin®]
366>114 (m/z) Bot 953] A3, 247+9] 1/2 kS &3
ZAsto] BA8190S A9 amoxicillin-6-"C# 5K 1
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Cross-talk->- AHARESAFE A7 (triple quadrupole
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Fig. 3. Calibration curves of sulfamethazine and “C-
sulfamethazine by LC/MS/MS Muilti 3ple Reaction Monitoring
(MRM), sulfamethazine 279>124, “C-sulfamethazine 285>
124 of Multiple Reaction Monitoring transition (m/z)
Precursor ion —Product ion.

Clenbuteral_1221_100ppb

Brocassing Wodow

Yo B 0

© Woeo 7 sulfamethazine
"R s P Y 279>124, 279>186 (m/z)

C-sulfamethazine
285>124(m/z)

Fig. 4. An example of false positive integration by cross-
talk with isotope labelled internal standard.
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Fig. 5. Cross-talk identification of clenbuterol and its isotope labelled internal standards by LC-TOF (Time Of Flight)

analysis.
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A Aol7k S0l oA, A WA EA i EgEo] Ak
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el AYE sk ZoE d#A 9eH (Nischwitz

and Pergantisa, 2006), A¥=]3L Ql&=
AFFS ol gsto] tHiwiAds & o
ol dojul=d] MRMH219] ]/\ = 719 Aol o] &S AT}

kel o] gstaL, wEE A
T Qlths BiE Qi (Song, 2011).
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Fig. 6. Cross-talk identification of erythromycin and its isotope labelled internal standards by LC-TOF (Time Of Flight)

analysis.
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Table 2. Precursor and product ions for cross-talk identification of clenbuterol, erythromycin and their isotope labelled
internal standards by LC-TOF (Time Of Flight) analysis

Precursor Product
Chemical

ion (m/z) ion (m/z)
Clenbuterol 277 259, 203, 168, 132, 57

259[M-H,O+H]"

Clenbuterol-Dy 286 204, 268
Clenbuterol-Ds 265[M-HO+H]" 204, 265

283, 285
Erythromycin 734 576
Erythromycin anhyd. 716 158
PCp-Eryrhromycin 736 160
PCp-Erythromycin anhyd. 718 160

Table 3. Precursor and product ions of 14 sulfonamide antimicrobials for residue analysis by LC/MS/MS Multiple
Reaction Monitoring

Chemicals Precursor ion (m/z) Product ion (m/z)
Sulfachlorpyridazine 285 92, 108, 156
Sulfadiazine 251 92, 108, 156
Sulfadimethoxine 311 92, 108, 156
Sulfamethoxypyridazine 281 92, 108, 156
Sulfamerazine 265 110, 156, 172
Sulfamethazine (Sulfadimidine) 279 92, 156, 186
Sulfamethoxazole 254 92, 108, 156
Sulfamonomethoxine 281 92, 108, 156
Sulfathiazole 256 92, 108, 156
Sulfaquinoxaline 301 92, 108, 156
Sulfisoxazole 268 92, 108, 156
Sulfadoxine 311 92, 108, 156
Sulfaphenazole 315 92, 108, 158
Sulfachlorpyrazine (Sulfaclozine) 285 92, 108, 156
9 FE UL B, PCy, Dy 5 ol HIEAA01A Z2 8 2 2 o MR UE v5FE AR 7Y Fig.
ojelgh A T Lol 7+ o] RISt 7:& sulfadiazine?} sulfathiazole?t %3t product ion®]
A o, 4 9 kel vAE JEFE gl & A3 of
IEM QA FletE719| dloll 1} H product ione FEF S Gl AEsh-ttel] wet
TERACE fAlel] AldE EE diEd eEel 5 AIZF 1.099! sulfadiazine (251>156 m/z)¢] W45
sulfonamideZ] 9|°FFES Vo=, FYUst product ion AZF 1.34%! sulfathiazole (256>156 m/z)%] J&Fo =z, T}
o] 9L A% HHFHYLE YHEFEAE o|83I99E 7 £ HEE A7 o]2% sulfadiazine?] o] 0% Q148hH=
-} H] 55t @iJo] dojuh=A] ElFA} SISITh Table 3+ A= vl Zloft.
Syl AFF A A3 sulfonamider] 1450 EH%]’ olg et T2 MRM 419 scan A(F 248 B3l 55
LC/MS/MSE o] &3 Tt X E4o A5 39l & 4 St} (Nischwitz and Pergantisa, 2006)3. SFA%E,
Aol &S vehd oz (AFFA, 2014), HE gE AFEA719] A5 el wh Hloly siAaby, 53] v
precursor ion°l% =73kl FUE product ione EHF w9 A7l Zrasel 3l smoothing  7IW

o]0 % AAste] FHES ot} ol& ZH7t 14F shet (Savitzky and Golay, 1964)°] S8t ol ¢lo] peakE
= HESEL W EEEA e 2y A ARrE Y M B T2 B 5 gl o d 724 ARk
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+MRM (251.0-> 156.0) 17.d + MRM (1.187-1.793 min, 74 scans) (251... + MRM (251.0 -> 156.0) 1.d + MRM (0.954-1.585 min, 78 scans) (251...
£x104 | 1.345 min. £ x10%] 156.0 £ x104] 1.094 min. % x10° | 156.0
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Fig. 7. Cross-talk identification between sulfadiazine and sulfathiazole with close retention times by UPLC-LC-MS/MS
Multiple Reaction Monitoring,

Table 4. Precursor and product ions of clenbuterol, ractopamine and their stable isotope compounds for residue analysis
by LC/MS/MS Multiple Reaction Monitoring (MRM)

Chemical Precursor ion (m/z) Product ion (m/z)
Clenbuterol 277 259, 203, 168, 132, 57
259 [M-H,O+H]"
Clenbuterol-Dy 286 204, 268
Clenbuterol-Ds 265 [M-H,O+H]" 204, 265
283, 285
Ractopamine 302 302, 284, 164, 121, 107
284 [M-HO+H]J"
Ractopamine-Ds 308 168, 289
Ractopamine-Ds 289 [M-HO+H]* 167
o] B¢, ol Eolf ik, sL9AEe s, 1 EZA 7 0]43te] B3 uj cross-talkel] 2ot ZEE A4 Ul
il 7224 2|7t Ql5el® product iono] 2 73, ko] o]Fo] A 4= Q= tE A<l AE| 24 clenbuterol ¥
2 WA A wEE ARl 23E wie] diclovos (141>79 ractopamine (Table 4, Fig. 8), nitrofuranZ] thAF=Z 4
m/z)$} captapole (151>79 m/z) 5= & T SoH, <, furaltadone®] AMOZ (3-amino-5-morpholinomethyl-

GC/MS/MS, LC/MS/MS, ICP/MS 5 AZEA7s} A
A inlet?] T8} AdHGlo] BAsITE H2o] o]t |t

EFgN] B Hr), AA] AR B4 A wf e
s A g FoEA A YER=d, cross-
St olall7} $lo o] HEwE ARrE TS
A7 grolE 4= Qi) 53, o] gt 4
FEgolu oA E ook A

[}
A=, HEAELE WFEE

LA

2-oxa-zolidinone), furazolidone®] AOZ (3-amino-2-
oxazolidinone), nitrofurantoin®] AHD (1-aminohydantoine),
nitrofurazone®] SEM (semicarbazide)s A3}t

oMy THYNAE W EFEARE ARSI A9E & 4 Sth
AFEA7]19] MRM/SRM, EE SIM/SIRS 7|¥e

scan 7]5olA W e 21 3 4 gle B AEE

#0]aL, T HHFE ARE tielld, &l ARkaakehe ol 2wt
= Agdor EMgoRy frafedd shddee] 2 719
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OH
H
oH H
cl

clenbuterol ractopamine
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Fig. 8. Chemical structures of clenbuterol and ractopamine.
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