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 OE @ TSRO ETE - SR (HPLC-MS/MS ) ¥ 8] I 2 3 85 v Sk f e 1l K FEARI 0 2 £ 1 Sk 1L
WE 5 Tk B RN ik, BERE ZHE-K (911, V/V) 4RI, TECUBERRAR, Cq A /M B BU%R 24 , Agilent Eclipse
Plus C, (83%H: (100 mmx2. 1 mm, 3.5 wm) 585, LL0.2% (V/V) HER-Z 05 M sh AR, E4T 86 BE Ve IiE , B AR
S PR I 25 TE B T (ESI+) Bz o B | 22 f 7 Wa I ( MRMD) B 4G | 356 5 D PO A v T R AR VR e R, &5 R 3R
A, Sk FOLIE 5 1 2 2 T Sk T E S 73 HIAE 1.0 ~ 143.0 we/L F1 1.0 ~120. 0 pg/L ¥ 2 70 Bl P 2R 1 56 B B 4
(R*>0.999) , ikt BR(LOD, S/N=3)4r%14 0.07 0. 14 pg/kg, E R (LOQ, S/N=10) 4345154 0.23
H10.99 pg/ke, #£5.0.50.0 F1100.0 pg/kg 3 MBI, Sk ALHENE Fi1 2 2 Bk A0 e 5 19 [l i 34501 Ry
83.1% ~103.0% F188.2% ~101.0% ,AHXARHEMmZE (RSD, n=6)HNF2.0% ~6.2% , SEFRHE I E 45
FM AL E s R A e, TR RS v Sk e B A TSk AL M 1 5 R A AR

REEIF XY SIEVERT ; 25 LBERAUVERT ; RO (- ER IR

1 5 &
SKFUERS ( Cefotaxime, CTX) K RLIOH =R TLREE B T BB SS U 3, LA i
PO TS5 80 9002 B0 TGP AT 30 A4 T PRI 4 05 0 32 2 S

FULFTCIE MR e R ShAmEfig 1o s Sk AUE NS i 43 T 25k =X an el 1 s, Al 176
SAE DTSR A2 AR VR AR T 0 T 245, AN A T A A 7 R % s
it i EL SR FEE NG VR A 25 B AE AR R ES 560 52051 rh (i B 25 by bR 2 1k H sierb, A H 3k 1
WE frg X I M PR L B0 D TR (B R P A T X 0 1) TR Il 8 UK T U g LA T 55 ) 97 AR
T AR T R @ IR R DR N Tl Gt 5% B T B 8 A S B L e R R A
BB TRTIT -t 2 o e 200 T Tk 2454 14 1] T, 25 A2 R PR g ) )7 A il i e R e, BB 226 25 WX
EHLEE REEEASE B AT A AR A Tt 50 4% [ BURE LA G PR AL R v AL R 25 W) fe sh P
HA R 3 B TR AL, X/ 22 Sk AT AR SR A5k B BN SE T AR R TR B EOR L ShAER T BB,
FIRTRRER S | F AR LR [ B R A 12 24 1 3h ) v 14 3% B R B AR SG L E

R PR BB i 2 A I NIARERRE B X0 Sk At i 1 7 8 Pl A BR G, i 3 o LA A 288 1 A
S ABE I TEALIR ARG, R 2 Kz i BRI T AR A 22 o o H TR IE 06 T
Sk FRIE T ARSI J5 35, A0 3o B R AR A0S VK (HPCE) ' R ABRUORE €3 ( HPLC) 321
5, R X SR A A Y XTI SIS O B0 IR 2 25 A PR e S ) e A
TR G35 1, B PR KT 100 pe/kg! "™ 2k A 21 3 0 105 1k £ 5 % PR ARG A R L AR AR5 SR
HPLC-MS/MS YA 1 [ 0 5 X6 2 v Sk R fi b 32 ZARII) 26 £ 15t S 708 g 5 B o o e I 7 0%
L T BHAEXS FEAE dh BRI o0 B o SRR AT Ik T DU HER , i o Sk JR e i e S iR £ dh
HR R B RGN A 2 7 M A AR BEROR SR
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Fig. 1 Molecular structures of (A) cefotaxime and (B) desacetylcefotaxime

2 SEIGERSY

2.1 U5k

1200 series {5 R A {433% ( 35 [ Agilent Technologies 23] ) ; QTRAP® 5000 = H UMK FT ik X ( 26
AB Sciex Jli%E RS0/ F)) 5 BiofugeStratos 15 35y #UA R 25 DML (15 [ B8 J1 /A A ) 3 TTL-DCIL B R A
Wi AL (AL at R 2R R & A BR A 7] ) 5 XS105DM HL 7 K- (Hit -+ Mettler Toledo 23 7)) ; K5 9% ZP-400
PR (TR T B s B A BRZA W) ; VORTEX-S iR BENR T f (VT 1T HAK DL R A FRAH]) 5 Milli-Q
B Atk & (3 [E Millipore A H] ) 5 @ PIHVEHL (T B 2 A IS A RAH) .

SKAOWE NG ENARE A (ZEEE =99. 5% , LRI A R A BRA R ) 5 % Mk Sk A6 08 i A o i (2l
=98% , &K TRC A+]) ; HEE(HPLC 9%, {8 Merck AH]) ; L5 (HPLC 9%, 5[ J. T. Baker 23] ) ;
F & (HPLC 2%, 3 [H Mreda Tecnology 22 Fl ) 3 S50 /K A Milli-Q 4E7K Al & AR ZEK (=18 MQ + em)
2.2 tRAEBERAES

DA (121, V/V) R M EC ] 143 me/L K FOBENGEAFT 120 mg/L £ LBtk FLE o A f fitt &
W, TRE ORI R G ARAT , I Y KW EE K (121, V/V) BEFREE TR SECE
2.3 HmaE

WERARE IR AT 2 FERESN (1. 020.01) g, BT 50 mL HZEBLLEH, INA 10 mL ZE-7K(9: 1,
V/V) % 5E 30 s, 457 20 min $2HL,8000 r/min B0 10 min, #F FIHEWHKE S —1 50 mL B0 % A
5 mL ZJERHIE S BERRAS , #8E 30 s, ¥%3% 10 min, 5000 r/min &5.0> 10 min, U FEAEH 5 mL T 10 mL
B INA 100 mg C FHL)E B FIEWT 40C L F KB AR Z T, LL 1 mL FEE-K(1:1,
V/V) BV, 4 0.22 wm TR ESS  1RI0
2.4 BIEEH

Agilent Eclipse C,q G354 (100 mmx2. 1 mm, 3.5 pm) ; FsIAH A 10.2% (V/V) BERIER , i ShHH
B NN FEEAGHTE] 1 ming BAEEVERARFE .0 ~1.0 min,95% A; 1.0 ~3.0 min,95% ~60% A; 3.0 ~
5.0 min,60% A; 5.1 ~7.0 min,95% A; Jii# 0.3 mL/min; #EFERFLS pl; SMRiLEE
2.5 JRiGEH

B S B IR (EST) 5 Ay =X, 22 8 b I ( MRM) 5 F48 7 X I3 FHE R miER
(CAD) JE 1/ 8 MPa; A< (CMR) JE /124 35 MPa; 4L X (GS1) JEJ1h 55 MPa; T4 (GS2) [ 1)
55 MPa; HLBESSHL R (1S) o 5500 V; B F 1L B (TEM) 2 550 °C; MRM & & & F X, K H &
(DP) KAl R (CE) W3R 1,

3 ERHIE
3.1 BB EMRML
SLAIEHTA: B L R AR R () R RR-/K L O -/K PR g 3R BO) Y ARseabimad xF e kB, &

7K (9: 1, V/V)VERSEIBGRII  SRIBOR TR, 8 U BTTHE S 4, MRy 5 R/ A Sy 4 BRI A 1T i
MR B, IS A AT BB S Sk AU ME NG TR PR MR R T ANERAE | BRI I 23t T 2
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Table 1 Parameters and fragment ions for cefotaxime sodium and deacetylcefotaxime

. (| BT THET iR fil e i ERERIE
H 5 Retention ti P: i Daughter i Dwell ti Collisi Declusteri ial
Analyte e entlgn time arent 1on aughter 1on well time ollision energy eclustering potentia
('min) (m/z) (m/z) (ms) (eV)
> i 324.1" 100 20 75
A5 4 3.15 456.2°
Cefotaxime sodium 396.0 100 15 75
S & 241.0" 100 21 80
X2 LR AL 2.67 414.1"
Deacetylcefotaxime 285.0 100 23 80

xS i B X (Quantitative jon)

QuEChERS {1 hy—Ff ] SR () A b 15 AL 34 7 30, 30 4 0k 2 37 o FH - B- PN Tk e 21 2 1y 1) i A 3
200 e Zh A AU S AT KRR FTORIIR D , IOE X A ] (4R 6 T, 3 B A5 ) i BB 579) A R o
o EHET, SRS ] C o 1 PSA A W BRI B 22 5, C g A AR AR 1 R B 351, 32 28 22 B g 2 553
W45 ; PSA S E3BHES F2c i), EELBRAHLER &8 B F IR EPY ) ARSI 8T PSA Al C
X Sk AUE i B S 32 B 25 £ Tk Sk M A CR, 45 R B  PSA X HARYA W BHE T, T C
Xof Sk FOUIBE 5 A R 2% 2L TSk PR E Ji JL -7 T WG B, v A RO Ay, HARY LR34 7E 83. 1% ~103. 0% Z
], PEAh, ARSI R A LiChrolut RP-18 #: A1 HLB 45 15 4 i [ AH 26 5 =X XS AE S b AT T8k, &
I B ARE NG MR A 30% ~40% A1 Z T, QUEChERS J5 v& BAA I3 | faf (8 Pk, A
TS P A, B T b R i e B AT
3.2 BiE-FEEFNEERESRL

FEIEE FAT | Sh e s A ds 2 Wk AU me s £ 2 LA M+ H ] 43 T 58 FIEIE e, 90 I
K2 FIE 3, BiEEEE R, LSk G A9 5> B F m/z 456. 1 W R P AT %o it , 15 21 ERE
BT m/2396. 1 Fll 324. 15 LA CBESRIBENT )50 T B F m/z 414. 1 NREE T Z 9 i o i, 15
SRR B 705 m/z 241 F1285; ot m/z 241 hy B-IN NG A T B84kl , 2B i ,m/z 285 1 B-IN
B A RER 3R

6.0r 6.0r
324.0
e g
Zoaof oo40F 2410
S 396.0 =
X x
Tz 456.2 e 285.1
2 z 227.2
Z o0 2769 Z g0
:‘___: 368.1 _E ‘% 414.1
285.1,293.2 251.
276.00 | ( 3522 ‘ 2(0.9224.8 “Lm 324.1
/ P ’ 0erl 3501 396.2
0.0 L HMQQ 347,1&2% . |409‘2 | | 0.0 L, ‘ul .i et A 4w W ]
250 300 350 400 450 500 200 250 300 350 400 450
m/z m/z

B2 Sk fmE o hn s We 1 8 TR0 ) — s K3 & OBE KB o b e IR B TR 9 =

&l R IiG Al
Fig. 2 MS’ spectrum of cefotaxime standard solution Fig. 3 MS® spectrum of desacetylcefotaxime standard
under positive ion mode solution under positive ion mode

S AR HAE R W HA TSI K R RRIE R CRRER IS I EESE2) ARIFFE LA Agilent
Eclipse C B (100 mmx2. 1 mm, 3.5 pm) N5-HrkE, sl A0 K A 53 5 % 28 T 4li K 0. 1% il
0.2% (V/V) I FRIEIR . LTREGVE W (LA IRV 2 pH 4.5) ; A MBI HEE T 205 .0. 1% F10. 2%
(V/V) PR- N I e Rl — 3 20 X B AR A TR BE VR 43 18 . 25 SRR, 6 0. 2% (Vv/v)
FR- G VE R i sh AR B, Sk 7R i 4k A 2 2Lk k f e fis i I8 oy B8 8 5 RBUE BT LR e sh
AL, G5 NE 4B s, ARG % A 0. 2% (V/V) HER- L HE1E M sl
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S F A FH R Al K SV R A N AR Sk A i A R 2 2 T Sk FRLIE i R B 1k 2% WY B A2 B TR
T PRt A S50 AN (7] LA Ay FH - /K ) S VS 8RR A T T B 48 e i AR BEK (121, W/ V) AR
KBTI, HERPIRY I [E] 2 R s R AT RE TR B B ROR
3.3 FHiEKHRFMEER

rLMEME L S/N=3 J S/N=10 B J5 ik i 4 H R (LOD ) FilE fBR (LOQ) |, 45 21 Sk 6 e Ji5 Fi 25
TSR TR fi B 4G Y BR Z3-5014 0. 07 F11 0. 14 pe/kg; EHRFRAH18 0.23 F10.99 wg/ ke,

3.4 FHEMEKUTEE . ERERNBEEZE

Sk T T IR R T AN X D R 4 SR A S AR T SR P R T o 0T S 6 i A 2 2 T Sk b E I
TFHAT . HERG I IBGE Sk FOE 5 R 25 2L kS F e B A TR A A v VA T, 4 I A BI04 2.3 1 J ik Ab B
T 128 FURE SRR OB T , (VA P Sk FLE 115 4k I TR 3 43501 1.6 .36 .72 1 144 pg/L, 2 TSk f e fi5
(MR FE 43 34 1,10 .30 .60 1 120 g/ L, AU T AR B 6 3 A G B bl 26

HUas FOSZERES, 43 N 5 .50 F1 100 pe/kg 3 AN 7K B 1Y 3k A WE Ji5 40 A2 2 1k Sk A g s TR A&
FRUETEI, BN BEAE 6 AFATHE  FRA T TR ISR . Rk R indr Rl KOs 2 i a3k 2 IR,
2 SRR BN S 2 WSk AU I T [ 5 A A o 22

Table 2 Recovery and relative standard deviation of cefotaximesodium and desacetylcefotaxime

Atk R e REL TSI [l 3 o
PN s ) o 53
(:”‘/‘ a4 d Linearity R éﬁf"f ji‘*} i Correlation coefficients Spiked Recovery RSD
ompoun (pe/L) egression equation (R?) (pe/ke) (%, n=6) (%, n=6)
- 5 103.0 6.1
. %}@%HF%W 1~144 Y=700. 47X-209.76 0.9995 50 83.1 6.0
Cefotaxime sodium
100 95.1 3.8
o - 5 101.0 6.2
ICM%?@@H? 1~120 Y=1369.2X-898.19 0.9993 50 82.4 2.0
Desacetylcefotaxime
100 82.6 3.0

3.5 XZEBREFE@RAH

DAk 0 8 i 7 B XS SR FP ) B R R 20 mg/kg STSEE Y LE 5 RIUELA 2Y , I T 25 5 AN Rl
TF1) 51, SR A R i, 7 FH A D7 ks ) 2 L v Sk AR G K 2 20k A e i A o B o, RGN 40T, 25 11
FREESAEZS 1 d 5 S ERES LC-MS/MS BB i ik B LR 4, 155245 20 K5, WG EFE S H A nl K
W 21) Sk PR i 1 2= 2 ok Sk AU BE 5 | 5 BR W 403 A 32,5 A 4. 8 gk, 1d B I 25 76 XS B P T R AR 2%
15, PRI, X0 B T AR hy RS % A A D Sk FRLE i 3 0 ok P A B A 0

400, ir B 3.15 12r ¢ 3.14

"2 300 = o3t &

° S S 8

- X X

£200 < 2F <

2 = =

3 z Z 4r

= 100 g 1F 2.67 & 2.68
0‘ 0 1 J 0 1 1 Ll 1 1 1 1 J
0 0 1 2 3 4 5 6 7 8 01 2 3 4 5 6 7 8

¢ (min) t (min) t (min)

K4 XSEZ A (A) SRR (B) K FHMERE M (C) BB e it (i
Fig.4 Total ion chromatograms of blank egg (A), spiked egg (B) and positive samples ( C)

4 i
AHTFEHE L T [ It R A 2 Sk AE i B 32 A 2 2 18t Sk A Ml ) v S8R € 3 - £ BB I
T (LC-MS/MS) Jrik o ANT5 EEHE it iy A 2Ly 58 BREEE (DA 3R g7, PR BN 80 2 2% B 0l A2 Ak P A ) 222

R AR T G TE S S T3 R AT 2 A A e M iy 1) AT, O M 25 76 7 5 % 0 P i AR
P18 A M U i (A AR R AR S HE
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Simultaneous Determination of Cefotaxime and Its Main Metabolin
Residue in Eggs by High Performance Liquid Chromatography-
Tandem Mass Spectrometry

YANG Xiao-Ti'?, TANG Xiao-Yan "', SHEN Xi-Xi'?, ZHANG Xiao-Qing'
"(Key Laboratory of Agrifood Safety and Quality, Ministry of Agriculture , Institute of Quality Standards and
Testing Technology for Agro-products, Chinese Academy of Agriculiural & Science, Betjing 100081, China)
*( National Centre of Meat Quality and Safety Control, Nanjing Agricultural University, Nanjing 210095, China)

Abstract An efficient method for the analysis of cefotaxime and its metabolite desacetylcefotaxime residues in
eggs was developed based on high performance liquid chromatography-tandem mass spectrometry ( HPLC-MS/
MS). The samples were homogenized and extracted with acetonitrile/water (9:1, V/V) solution. The fat was
removed by hexane, and the other impurities were removed with C,g sorbent. The separation of cefotaxime and
desacetylcefotaxime was performed on an Agilent Eclipse Plus C; column (100 mm x 2.1 mm, 3.5 pm)
using a mobile phase of 0. 2% formic acid ( A)-acetonitrile (B) by gradient elution. The analytes were
detected by MS/MS in positive electrospray ionization mode ( ESI+) and multiple reaction monitoring
(MRM) , quantitated by matrix-matched extemal standard method. Results showed that the calibration curves
had a good linearity in the range of 1.0-143 pg/L (cefotaxime) and 1.0-120 pg/L ( desacetylcefotaxime) ,
respectively, with correlation coefficient R*>0.999. Limits of detection (LOD, S/N=3) for cefotaxime and
desacetylcefotaxime were 0.07 and 0. 14 pg/kg, and limits of quantitation (LOQ, S/N=10) for cefotaxime
and desacetylcefotaxime were 0.23 and 0.99 pg/kg, respectively. At three spiked concentration levels, the
recoveries of cefotaxime and desacetylcefotaxime ranged from 83. 1% to 103. 0% and 88.2% to 101.0% ,
respectively, both with RSDs (n=6) less than 6.2% . The results demonstrated that the method was simple ,
quick, sensitive and reliable, and suitable for determination of cefotaxime and desacetylcefotaxime residues in
eggs.

Keywords Egg; Cefotaxime; Desacetylcefotaxime; High performance liquid chromatography-tandem mass

spectrometry
(Received 13 March 2017 ; accepted 17 May 2017)



