HENFE 42 (4) :351~360, 2009 351

ARG HT B IR H SRR~ F B i
AL ) BRI o v B A8 A o) 3 e )

\

)

38

BiE”  HefnEe® Ao

W HI - 9854 H10H  #52 HIY - 9846 H30H

EES

AR FEAR DLE G B 1 R B U 2 m R IRAR S AT R B R (LC/MS/MS ) #E R E A ZE Y
(SPE) Hiffy » #EZEIR ~ LMW ~ WL KT PR (TCs & TC ~ CTC J OTC) %
e T o B8 = B PO R B 3 s Mo il e e U A B 1 XU T {3 TCs » TCs
JRERE TR IR (MDL) By 2.61 ~ 6.75 ng/g (ppb)  TCs JAIM#K.Z MDL Fy 1.76~2.74 ng/
mL (ppb) ; TCs JALAZ MDL ks 1.07~2.28 ng/g ; TCs [AFliHi~ MDL J 0.88~2.85 ng/g « AR
B 100 ppb TCs JEE R » FAEARIF - [BILER 94.44%~111.30% » #HL{R8; (Coefficient of Variation,
CV) 6.74%~9.88% ; MG » [EIER 91.34%~102.14% » CV 1.91% ~ 5.38% ; FAHLEIH - Bl
73.14%~87.47% > CV 6.01%~6.39% ; AT > [BIKEE 62.34%~70.71% > CV 6.93%~9.85% o K JF
EFERRETRL  FEEIMR ~ DLARITRE S TCs i REE =17 -

R © PUERMGR ~ AR A s U R R~ Bk ~ IR ~ LIS ~ P -

B

VUERM#GRH (Tetracyclines, TCs) PUAEFFEMIIHIE LB KRMELHEIER > EETAERKE
W G R B BN SR I B TR R BRI DU s S B A4 8 - TCs BIRP5EA
FETER > Nt @2 B A ESYERRK - BRI R R - DB EE I 5L - 2k %
FLIR AR LS T LS A S e R ST S R B s - B TCs SRR Rk H W e

TCs FEH Bl R TR & b SR LR 5 B WMt e 1% - 3 SR <5 SR ST A
E 0 BOR N EE S YR EEYE A EREIR R - RN B L 2B BT U E S & AN
THUCT - FEAZEYEY Bk - BN R HE A YR EUE R BIER] > HERE S 2R LR

(1) 1TEbeRsEZ A m s BT e s 28 1515 5% -
(2) 1TEbERsEZ g m s 78 -
(3) @FAfE?E > E-mail: mainlian@mail.tlri.gov.tw °
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1R T S T AL G B8 2 AR OB KPS A EE T Y 8855 - 1T TCs A PYERE (Chlortetracycline,
CTC) KRPUERf#=: (Oxytetracycline, OTC) HIBEHIFAHRHERE] 96 4 7 H 1 HELEZEYEIRIR N
Yy IE H R ER - IRRORHLEEYI TR T 68 R GRDRHAR N R o TR A O e e Al L A N DA R i
TCs w7 WAHE M- 22/ MEIR OB (LC/UV) ~ WA AT- 30 (LC/FD) ~ &
THE M- E s (LC/DAD) -~ £ Yk (CE) ~ LC/MS Kk LC/MS/MS % (Cinquina ef al.,
2003; Nozal et al., 2004; Pena et al., 1998; Vifias et al., 2004; Yang et al., 2005) - HEij{7T RS
NEZEETE CERRETH09393006275% ) 2 HPLC DL FD Fyf=iHI8s » SR f0H HE e 8l
2 S H T VB B YIROE RO B - AETT #2288 53 M7 il SR A8 BN B I A3 A AN o2
T -

W& & VRAH e 7 BB R T S 1 TR BT H 57 DA S B R e RE T g - i A At AR
e I BIRE R R A DA SRR R BN N B - B B R S R AR AR R i 534 RS A
HahgE o (KL » AREABRS AR ~ RN ~ WU BT gk P ER R DUB AR 2 A A TRIBR R » 6
DIHBERUE ~ R EHRIR . LC/MS/MS 1T VUER R & R0 il - MERET i 4 i ioe i B o
HIRRIR - 07 —E R~ MK ~ BRI TCs Al -

MEIETTA

I. G g

A B E —ff TCs : TC ~ CTC J OTC - fE#EALEH Sigma AF] - CTC ~ OTC Z g HEREHL
10.0 mg DIFIRE (CH;OH) {HBIRCELK 1000 rg/mL (ppm) EHEFAHK > TC FiHERHL 5.0 mg L
CH;OH Fc#dpk 500 ppm FEHEREGHIR @ FEIHIKEETARY 4°C BRI R 23 J1H 2 mL 500 ppm TC FEHERE
¥ ~ 1 mL1000 ppm CTC fEHERE(HE K 1 mL 1000 ppm OTC {EHEEE IR S » L CH;OH & &
10 mL » F#dpk 100 ppm TCs B & REHI » 4°C @l

L PR AL« () VHERSE > (b) GPUERMIEE - (o) AEVUERMS -
Fig. 1. Chemical structures of the antibiotics: (a) TC; (b) CTC; (c¢) OTC.

. GARCR
(1)0.1 M M5 (CeHsO7 - HoO) ¥RIRFECE A 21.0 g #EIE - DUKIARE - MERZE 1000

mL
(ii) 0.2 M BEFESE 8 (NaHPO.) JAWRECH © AU 14.2 g BEERE 8 - DUKIEE - EER
500 mL -

(iii ) pH 4.0 Macllvaine $EEAKRACEL © Y 615 mL 0.1 M S 5EEEAME b 385 mL 0.2 M BBE&E —
SNAIRIR G » BN DUFA RS pH fH -
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(iv) & 0.01 M Na»-EDTA (CioH140sN2Nay - H,O) Z pH 4.0 Macllvaine fZfE#AACEL @ HY
3.36 g Na,-EDTA [\ pH 4.0 Macllvaine fEERRIAE - WWERE 1L -

. MS/MS F3#fr it E

Es A Sciex API 3000 ESI-MS/MS %i#fi 2 =By VUi G i (Applied Biosystems,
Foster City, CA, USA) - IMCERZSHL &1 5 B R i e i U - Bl URIRLEE S E 350°C » &
fEFME (Curtain gas) JhlifE5a#8 (Collision gas) i HEMEZER (99.999%) - % H [ 5 H

(Multiple reaction monitoring, MRM ) FLIHISE RFAET- R Rl S FE £ F-HIET- > LARLFURE 53 A mill
R RE e 3 - SRR AR ~ BT BRI -

HY 100 ppm TCs JE&S MRS 0.1% HEE (Formic acid, FA) 2 CH;OH %Rk 100 ng/
mL (ppb) - M 1 mL {ESSEFDAIESS B 10 ¢ L/min 72 ABEREEREE TR - s BRI 2
8 DU REEE T ~ T - hildERER (Collision energy, CE) Jz Collision exit potential

(CXP) 228 -

V. WA AT AT IR 3E

Wik M 2 B4 (mobile phase ) HENEE By Agilent 1100 series pump » %F: By Zorbax SB-
C18 column (5 m, 4.6 150 mm) » LG AR EEHERF 30°C « 2947 TCs (ZBIARAIRG - BIH A Jy
# 0.1% FA 2 H,O 5 Byt B Ry 0.1% FA 2 CH:OH » M. BABMEEIN S 1 - iRy 350 L/
min > BESEREER R 10y L -

2% 1 Wil TCs ZBAEE
Table 1. The mobile phase gradient profile for detection of TCs

Time (min) 0 0.5 5.0 11.0 11.1 15.0
Mobile phase A (%) 85 85 0 0 85 85
Mobile phase B (%) 15 15 100 100 15 15

V.t R

# 100 ppm TCs EAFEMIKLL 50% CH;0H BB BATiEM SRR 125102050~
100 ~ 150 ~ 200 ppb °

VL. Bt AR
(1) R TCs Al i B B A B

HY 2g @aPRMEESL 2 50 mL B0 > i 10 mL 0.01M Na-EDTA 2 pH 4.0 Macllvaine #g
AR - B IR 10 D HRERERC - ERMEEINESY © £ 3,000 rpm
(1,500 g) jiRRE NHEBC 10 538 - B L EIHEH - i 10 mL 0.01M Na-EDTA 2 pH
4.0 Macllvaine FEEVAWRFFRZAN - WL X ZEINE - EEATIH{L SPE & (£
[ E IR (Waters Co.) %25% .2 Oasis®™ HLB 3cc / 60mg) - SPE (L= SELL3
mL CH3OH ¥R » Ll 2 mL H20 3idk » %L 2 mL 0.01M Na,-EDTA 2 pH 4.0
Macllvaine FEEVATRITIEE - REHURE A SPE %% > L 2 mL 10% CH;OH §idk - &
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A 5 mL CH;OH JgIcsE - PHRIIRMIERZ > DL 2 mL 50% CH;OH [HI% - #% 0.2 yzm
Nylon JEBEE &R HHE T -

(ii) M- TCs harHlZ HipE B A B
Y 0.5 mL [MEEEMZE 10 mL BREEEELVE - A 3 mL 0.01 M Na,-EDTA Z pH 4.0
Macllvaine FEEVAW » 8 S AR AL 10 2388 - AR BELZEHGKIE &495) © 4E 3,000 rpm
(1,500 X g) JREETHEC 10 4388 » HU EEEHERK - BEARGETIE/L SPE B - DL 2 mL
10% CH3;OH Jit » S AMA 5 mL CH;OH ISR - PRIRIRAREZ I » DL 0.5 mL 50%
CH;OH [H[7 » #8 0.2 1 m Nylon A EEHURIEE » EHEHT -

(i ) LA B2 AT TCs Al iR B 4 B
HY 2 ¢ LA RIFRgAR S 50 mL B0 » DA 10 mL 2.5% =% (TCA) #EEEE
BAEHY 10 438 - BEAR S BLAEURIE &892 » 1 3,000 rpm (1,500 < g) jIRREENHEEL 10 53
$ o EUH @ PETER » R0 10 mL 0.01 M Nax-EDTA ;2 pH4.0 Macllvaine #E VAR EE
L S ERAN AR AEEORIE &5 0 18 3,000 rpm (1500 X g) JREET HfE
L 10 o388 - B EEEIHER - — EEEERE 6 - BARLETE/L SPE B - L2 mL
10% CH;OH Jiipk » ff&IMA 5 mL CH;OH JP2IGER - IRIRIBHERZEE R > DL 2 mL 50%
CH:;OH [H7 » #8 0.2 1 m Nylon M EJEHUEIEE - F LB -

VIL R A ATRREE R EE
FAERNZE AR A RN TCs 50 ppb k2 100 ppb —FHIREE » LUK ~ WLA BB 22 Fr bk
RN TCs 10 ppb Kz 100 ppb R R T HETTRISRENE fe LA RARBUZ HIE -

SR B AT 5

L. PUBBER AN T - T B O

KIFGHEFZ MSIMS = BrXPURRH TS0 - TCs DUBHMET [MHH]" BRI » SEmTaks
HTIIREBE T-GesE TN G RHME T8 2 IR AT % THET » 57 MRM {53474 + 8 P
CE J CXP S B e B TH OB KI5 e FHE 7B P T2 AOHBRIELERT (22 2) -+ 5
| ERHEE TS5 2 (B PR TAE A -

K 2. VR MG R B R RS BUGINE

Table 2. The parameters and conditions of mass spectrometry for detecting tetracyclines

o Precursor ion . Collision energy  Collision exit
Antibiotics product ion (m/z) .

(m/z) (eV) potential (V)
Tetracycline (TC) 445 [M+H]" 410 [M+H-NH;3-H,O]" 27 11
427 [M+H-H,0]" 19 13
Chlortetracycline (CTC) 479 [M+H]" 444 [M+H-NH;-H,0]" 30 12
462 [M+H-NH;] 24 13
Oxytetracycline (OTC) 461 [M+H]" 426 [M+H-NH;-H,0]" 28 12

443 [M+H-H,0]" 18 13
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. LC/MS/MS$TYER R & 3 HT3HE
AKWFFELLTAE (reverse phase) tfg s #Tiksr i 3 MEVUERMGRE (@ 2) - ByEIRERERAE LA
= o BFHRIRIN 0.1% FA R BTG - DASEITHESR
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Fig. 2. LC/MS/MS chromatogram of tetracyclines.

TCs [@FH TC ke OTC #-F{E[A —IRpfd] HERANSE - EOBLERE ~ T BT ECEAE » R A]
FEH MRM fE5I{EHI T - AERER D ER - /£ TC K CTC [ERE 3 8A ~SGRIE - tL/5I R
TCs fEMRVEERSE N ey B SRS (18 3) - Blanchflower er al. (1997) FARFZEH A LA FEHT
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fiftl - FHY 4-ep TC Jz 4-ep CTC EHEE R 73HfE » H TC B 4-ep TC ] fz CTC i 4-ep CTC [ ZER3E
SR LEBIEE - Kb E & -

OH O OH O 0 OH 0 OH © 0
Chlortetracycline 4-Epichlortetracycline
1 i ¥ B% (enol)

&R (keto)

0
Keto chlortetracycline Keto 4-epichlortetracycline

3. GAVERR C [FIE 52 (epimers) E[E]S> LM% (tautomers) (ZffH% i -

Fig. 3. Structures and transformation of the epimers and tautomers of chlortetracycline.

LC/MS/MS ¥ffA TCs ZE#HI#FR ( Limit of determination, LOD ) } 0.1~0.3 ng/mL - & B[R
(Limit of quantitation, LOQ) J 1.0~2.0 ng/mL (£ 3) -

3. VUBRMEEYTAE A LCO/MS/MS {EHIFRRR (S/N = 3) Bl SR (S/N = 10)

Table 3. The limit of determination (LOD, S/N=3) and limit of quantitation (LOQ, S/N=10) of tetracyclines

detected by LC/MS/MS
Antibiotics LOD (ng/mL) LOQ (ng/mL)
Tetracycline (TC) 0.30 2.0
Chlortetracycline (CTC) 0.30 2.0
Oxytetracycline (OTC) 0.10 1.0

I, [0 A SR

AZE BRI TCs fZ2¥ET, » TC ~ CTC K OTC L 50 ppb Kz 100 ppb i i il 2 et
VUBRZERT R EIER (£ 4) > TCs A 50 ppb » [EER 84.36%~94.31% » CVIH 7.95%~9.51% ;
JA 100 ppb > [EHEER 94.44%~111.30% > CV {H 6.74%~9.88% - AT ENI R K& BRI A -
RIS SR B AR T HE R R G TCs & & ATl -



Bl fetnle Sl 357

2 4. BR R YRR IEY I E R IAERHDE (n=14)
Table 4. The recovery of tetracyclines in feed (n=14)

Concentration
Antibiotics 50 ppb 100 ppb
Recovery (%) CV (%) Recovery (%) CV (%)
Tetracycline (TC) 91.86 8.54 99.49 7.76
Chlortetracycline (CTC) 94.31 9.51 111.30 6.74
Oxytetracycline (OTC) 84.36 7.95 94.44 9.88

EHEHE IR ~ WL ST BBRTEEEL AR Y > AGEABELL 0.01 M Nax-EDTA 2 pH 4.0 Macllvaine #%
EVARAHUMAEH TCs » WL SPE MLZEHUHK - NN KPR S A s R E HE - it 2.5%
TCA Y6 EVET#YE - FEA 0.01 M NaxEDTA 2 pH 4.0 Macllvaine SB AL KT I
TCs »

VNI 10 ppb k2 100 ppb FEIREE - ETTIEIKGERMEIE - MIEHASHT » 7RI 10 ppb ARHEWR - [H11
3 98.69%~103.01% > CV {H 5.67%~8.47% ; ¥shl 100 ppb FEHER » AR 91.34%~102.14% -
CV {H1.91%~5.38% (& 5) - PLAZG » @0 10 ppb FEHERL » AR 83.08%~95.44% » CV {H
3.58%~8.76% ; ¥R 100 ppb REAER » [HIR 73.14%~87.47% » CV {H 6.01%~6.39% (F 5) - iF
BEES 1y U 10 ppb FEHERS - [EIRER 69.96%~77.99% » CV {H 3.72%~12.97% ; ¥ 100 ppb A&7
W o [EIR 62.34%~70.71% » CV 1H 6.93%~9.85% (& 5) - 3 fEE 2 TCs [HIER » DMK E
& JLARZ @ BB - T B R% P1 2 2 V8 S AL &Y L P B IR e » XTI 2R UK
TCs fEFREHPAEHL < IREERE ) - HRE e SARBERE R 1.91%~12.97% - Kb ATRE AT
SERIEICR e RAFR R B - AT ERRA IR ~ LA B FFBgR TCs & & 0AmilE -

5. 1M ~ DIA g TCs (ZIRIKER (n=7)

Table 5. The recovery of tetracyclines in chicken blood, muscle and liver (n=7)

Concentration
Matrix Antibiotics 10 ppb 100 ppb
Recovery (%) CV (%) Recovery (%) CV (%)

TC 98.69 6.38 91.34 4.41
Blood CTC 98.79 5.67 102.14 1.91
OTC 103.01 8.47 94.09 5.38
TC 83.08 8.76 73.14 6.01
Muscle CTC 90.84 7.12 87.47 6.07
OTC 95.44 3.58 86.81 6.39
TC 69.96 12.97 62.34 9.85
Liver CTC 75.24 3.72 69.49 7.16

OTC 77.99 6.17 70.71 6.93
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V. JEE AR

AGERE B ~ IR ~ LA B TP BRI RE R R RE 1T V5 HMIARIR (Method detection
limit, MDL) #iI’E (2 6) - TCs Ryr[f 2 HiER - HEYRBERART R (Max residue limit,
MRL) FAWLEEs 200 ppb - FARTFHEE 600 ppb o ZE{ES TCs HAMIEZ MDL B 1.76~2.74 ppb » HAHL
N2 MDL 4 1.07~2.28 ppb » ATz MDL F 0.88~2.85 ppb (£ 6) - HJ[K|FEMRIRE 2 Ml -
Bogialli ez al. (2006) LI LC/MS/MS fgifllZZ & Eh¥Afih TCs & > 1L LOD £ 1.0~6.0 ppb -
Reverté et al. (2003) LI LC/MS/MS #gifl7k s TCs 588 & » H LOD ky 4.0~6.0 ppb - 554} » TCs
AgELZ MDL )y 2.61~6.75 ppb » (A g R ZAENE CNS 9316 (2004) FRFIIIBS « &
VTR e BRI 5 iR L SRR i B 12.5 ppm DUR 93.01.14 3% £2°7°20 0939300627 5 frn
) SE SRR i 5 iR — VIR R R YU R B /72 TC B OTC A HifRE 5 ppb J CTC 10
ppb

F 6. TCs Z JTiEMEHIRRIR
Table 6. The method detection limit (MDL) of tetracyclines

Matrix Compound MDL
Tetracycline (TC) 3.49 ppb
Feed Chlortetracycline (CTC) 2.61 ppb
Oxytetracycline (OTC) 6.75 ppb
Tetracycline (TC) 1.98 ppb
Blood Chlortetracycline (CTC) 1.76 ppb
Oxytetracycline (OTC) 2.74 ppb
Tetracycline (TC) 2.28 ppb
Muscle Chlortetracycline (CTC) 2.03 ppb
Oxytetracycline (OTC) 1.07 ppb
Tetracycline (TC) 2.85 ppb
Liver Chlortetracycline (CTC) 0.88 ppb
Oxytetracycline (OTC) 1.51 ppb

IR E M G Gt E 2002/657/EC BUE » BRI 2369 - 7341 )5k MDL AZH/N
A MRL 19 50% $(fH » A2 MDL ¥R 50% MRL (JJLEY 50% MRL = 100 ppb ; g 50%
MRL =300 ppb) - U HIEAFF S E S Gl EmHE -

+=4
moaf

A5ABE LC/MS/MS JEFIF G ~ LMK ~ DIA KIS TCs S &t BEAEBEEUE - =i
MRS ~ SEZEATAEAL K AT R E P E SR 3 - AWFFEBH#E 2 TCs ARIlHhii £ LOD ~ LOQ J MDL
EER MRL SUEBUE - FFERREIZOR - SRR AT /AT S B G & B B 2 T ik
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Abstract

The purpose of this study was to develop a specific and sensitive high performance liquid chromatography
tandem mass spectrometry ( LC/MS/MS ) method with solid-phase extraction (SPE) for determining of
tetracyclines (TCs) in feed, chicken blood, muscle and liver. A triple-quadruple mass spectrometry using a
Turbo lon Spray source operating in the positive ion mode was used to detect TCs. The method detection limit

(MDL) were 2.61 ~ 6.75 ng/g in feed, 1.76 ~ 2.74 ng/mL in blood, 1.07 ~ 2.28 ng/g in muscle, and 0.88 ~ 2.85
ng/g in liver. At supplementation of 100 ppb TCs in feed, the recoveries were between 99.44 and 111.30 %, with
coefficient of variation (CV ) ranging between 6.74 and 9.88 %. Recoveries of TCs from blood were between
91.34 and 102.14 %, with CV ranging between 1.91 and 5.38 %. Recoveries of TCs from muscle were between
73.14 and 87.47 %, with CV ranging between 6.01 and 6.39 %. Recoveries of TCs from liver were between
62.34 and 70.71 %, with CV ranging between 6.93 and 9.85 %. It is concluded that the method can be applied to

the TCs residues analysis in feed, chicken blood, muscle and liver.

Key words:Tetracyclines, High performance liquid chromatography tandem mass spectrometry, Feed,
Blood, Muscle, Liver.
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