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Multiresidue determination of fluoroquinolones in eggs by solid-phase

extraction-LC-MS/MS
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Abstract
pefloxacin, ciprofloxacin, lomefloxacin, danofloxacin, enrofloxacin, sarafloxacin and difloxacin in eggs using solid-
phase extraction-LC-MS/MS. Methods: Egg samples were deproteinized with acetonitrile, followed by defatting
with hexane. Then the samples were processed by solid-phase extraction and analyzed by LC-MS/MS using an

Aim: To establish an analytical method for the simultaneous determination of norfloxacin, ofloxacin,

electrospray source. The separation was carried out on a Shimadzu Shim-pack VP-ODS C,; column, with a mobile
phase consisting of acetonitrile-0. 1% formic acid (13: 87). Results: The validated method was proved to be of
high specificity, accuracy and sensitivity. Conclusion: The established method is suitable for the routine residual

monitoring of fluoroquinolones.
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{415 H: . B Shim-pack VP-ODS C, (250 mm
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Table 1 Conditions for the ESI-MS/MS determinations of nine fluoro-

quinolones
Drug Precursor ion/ Product ion/  Collisional energy/

(m/z) (m/z) V

Norfloxacin 320. 1 233.0 28
276.0 16

Ciprofloxacin 332.1 231.1 28
314.1 24

Pefloxacin 334.1 233.1 23
290. 1 17

Tomefloxacin 352.1 265.0 23
308. 1 17

Danofloxacin 358.1 255.0 33
340. 1 26

Enrofloxacin 360. 2 245.2 26
316.2 19

Ofloxacin 362. 1 261.3 27
318.2 21

Sarafloxacin 386. 1 299.0 22
342.1 19

Difloxacin 400. 1 299. 1 25
356. 1 22

3 0% R
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Figure 1

Representative selective reaction monitoring ( SRM ) chro-
matograms for a drug-free egg sample

A :norfloxacin( A, :320. 15233.0; A, :320. 1 —276.0) ; B ciprofloxa-
cin(B, :332. 15231. 1;B,:332. 1 —314.1) ;C:pefloxacin( C, :334. 1
—233.1;C,:334.1—5290. 1) ;D:lomefloxacin( D, :352. 1 —»265.0;
D, :352.1-308. 1) ;E: danofloxacin( E, :358. 1—5255. 0; E, :358. 1 —
340. 1) ; F: enrofloxacin ( F, :360. 2—245.2;F, :360.2—316.2) ; G
ofloxacin( G, : 362. 1 —261.3; G, :362. 1 —318.2 ) ; H.: sarafloxacin
(H, :386.1—299.0; H, :386. 1—342. 1) ; I difloxacin ( I, : 400. 1 —
299. 1;1,:400. 1—356. 1) ;J : tramadol (1S ) (264. 15—58.20)
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Figure 2 Representative SRM chromatograms for a drug-free egg

spiked with nine fluoroquinolones and the tramadol ( IS)

A(A,,A,) :norfloxacin (¢ =5.9 min) ;B(B,,B, ) : ciprofloxacin (
=6.6 min) ;C(C,,C,) :pefloxacin(ty =6.2 min) ;D(D,,D, ) :lome-
floxacin(tg =7.7 min) ; E(E,,E, ) : danofloxacin (tz =8.1 min); F
(F,,F,) :enrofloxacin(tz =9.0 min) ;G(G, ,G, ) :ofloxacin(t =5.9
min) ;H(H, ,H,) :sarafloxacin (¢ =13.3 min) ;I(1,,1,) : difloxacin
(tg =14.1 min) ;J:tramadol (IS) (#z =10. 2 min)
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AP I 45 R L3R 2,

3.1.4 WEERE  REBIREAS IR AR UE
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Table 2 Recovery of nine fluoroquinolones from egg samples(x +s,n=6)

Recovery/ %
Drug
5 10 20 pg/ke
Norfloxacin 86.71 +6.30 83.74 £5.37 88.74 4. 09
Ciprofloxacin 98.71 +£8. 88 96.67 £2.43 100. 13 £1. 12
Pefloxacin 92.15+1.97 90.28 +1.99 99.70 1. 30
Lomefloxacin 85.13 £5.93 81.67 £3.41 87.47 £1.76
Danofloxacin 96. 86 +9.79 93.84 +3. 64 102.43 +2.27
Enrofloxacin 99.60 £2.32 93.23 £3.01 101. 12 £4. 41
Ofloxacin 100.28 +3.73 95.72 +2.76 97.43 +1.13
Sarafloxacin 88.30 6. 10 85.11 +1.19 88.42 £2.75
Difloxacin 95.23 +2.68 91.59 +£1.40 92.29 +3.54

3.1.5 REMRE HERISAEYRAWE B ARV E VDRYE ZHY A 25,50,
TAERGE BB AGERE S 1 g P RS EHRIP AR, 100 ng/mLA BRSSO IR, BEFPVRERE 45 5 1,
WV R Bs b2 8RR RFEY R B 0k A 4L, R IC S T R D R LA
BVERY R WP R WA 5,10,20 ng/kg LA YNRAPRE T/ERGE &, B 10 mL HIEERLE
IAMERRE VR EE 2 6y, b | 2. 1 357 op IR S AR A3 9 S B B IR VD R R
TR AR PR AR S EA T LC-MS/MS e il VR IKEVE SRV A B E ARY AR Y
BEWA, H5A i1 pE -20 CokArbat HibE R AR 25,50,100 ng/mL 1FRHEW,
PRAES d JE BT AR f2 LC-MS/MS 43#7 il Ak FREERE SR 45 5 0, ic o B 4, dERE A 0 S i
EWA. 5 A, R REY GERTE -20 °C R R AR D 28k B KCE R 50 ng/ml
TEEEIRAE S d ERE IFESH 10 43, B0 A B B4 5 . 43 10 pL
3.1.6 Az K21 WU R SRR T A AU mE AL B AL AL HU(EAE R
X FE SRR N 5 B4 R FE RN (RO AT LA LR R AR , % BRI 451 A4 I b R
L AT ) . RIS IR G M2 B PR, 2503 3 PR, RKW
WETAEWGE i, 5 10 mL HIEBLOE P, NS (8 28 PO ERSRIBURO 25 R I 16 A 400 10 35 I3 3000 5 1)
EARBOBAE R OR S AR BLB 9 & i s b 2. T RIZK,

EINIRUY S TR U AT S TR TY RN 5N R

Table 3  Average matrix effect of nine fluoroquinolones in egg(x +s,n=5)

Average matrix effect/ %

Drug
25 50 100 ng/mL
Norfloxacin 109. 56 +10. 81 109.22 £8.72 104.28 £7.25
Ciprofloxacin 108. 83 +12.24 103.12 +9. 86 101.49 +7.26
Pefloxacin 113.27 +£8.45 109. 82 +5. 68 106.36 +£3.71
Lomefloxacin 106. 41 £6.29 109. 12 +5. 37 100. 11 +£3. 51
Danofloxacin 113.89 +9.8 110. 65 +8. 37 109.40 +4.22
Enrofloxacin 114.71 £10.24 110.21 +6.38 109.47 +4.27
Ofloxacin 112.57 £9.38 113.36 £7.53 102.70 +4. 19
Sarafloxacin 104.25 £5.05 107.91 £3. 66 99.01 £2.94
Difloxacin 110.08 +8. 34 108. 67 +6.02 100. 56 +5. 17
Tramadol 103.73 +£2.51
3.2 AEHSAR BT SPAR 547K BrbE S AT P o RS BRI AL & WDR A AR L

TEPEME RNV I (SRM) 2R HI7E SRM Z5F T /EMGE B EME M 1 g f, B & i s id 2 P
AL LR TR Y PAR SARMERS AL R AR NV R SRR 8V RE B R BuR R
HEWE T AL (standard peak area ratio, SPAR) %f {343 AR E Vhiv R bR 5,10,20 pg/ke B9
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