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Abstract A method for the smultaneous analysis of 22 antibiotcs( quinobnes sulbnam ides and
macrolides) n fsh sanpks was developed The taget canpounds were extracted using acce krated
solvent extraction( ASE) and purified by solid phase extraction (SPE) using a hydroph ilic- Ipophilic
bahnced(HLB) polymer TheASE conditionswere optin ized The optimum ASE conditionsw ere u-
sng methanol as the extracton solvent at tan perature of 70 C, pressure of 10. 34 MPa and extracton
tme of 15 mmn  The ehate was collected and concentrated to 1 mL under a gentle strean of nitogen
gas and then analyzed by HPLC - ESIMSM S under positive e lectrospray ion ization and multiple re-
acton monitorng(MRM ) mode The separatbn of analyteswas carried out on a XT erraM S Cis cok
unn w ithm ehanol- acetonitrile(1: 1, by volime) asmobile phase A and 0. 3% fom ic acd( con-
taining 0. %6 anmmonum fomate pH = 2.9) as mobile phase B. The recoveres of all the can-
pounds fran fishmuscles at wo concentratbn levels 0f20 and 100 Hg/L were n the range of 726 —

1206 and 666 — 1146, respectvely, with the corresponding relative standard deviatons( RSD, n=
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5) of 1.9% - 186 and 0. 6o — 106, respectvely The method detection lmits ranged fran 0. 02
Heg/kg 10 0. 6 Hg/kg The method could be applied n the analysis of quinolones sulfonam ides and
macrolides in fish muscle sanp ks w ith good precisbn and accuracy

Key words accelerated solvent extraction high perfomance liquid chramatography — electrospray

ionizaton tanden m ass spectranetry quinobne sulfonam ¢ macrolde fish
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1.1
P680 , U ltM ate 3000 Chmm eleon 6. 70 ( Dr
onex ) XTerraMS Cis (2. 1 mm X 100 mm, 3.5 Hm, W aters );
APIB3200 ( ABI ), (EST)  Analyst 1. 4.1
; ASE350 ( D bnex ); OasisHIB (6 mL /200 mg W aters
); RE-52AA ( ); Votex (
); LGJ-12B ( ); CR22GIII ( H itachi
)
: (OFL 99.%% ) (NOR 99.% ) (CIP,
99. % ) (SAR, 95 .06 ) (FLE 99.% ) (LOM, 98.0%6 )
(DF, 98.0% ) (ENR, 99.9% ) Sem a— A Hrich ;
(SDZ  99.7% ) (SMR  99.% ) (SDM, 99. 4% )
(S, 99.0% ) (SMM, 99. % ) Signa— A ldrich ,
(SI, 99.0% ) (SPD, 99.® ) (SMX,  99.06 )
, (SDM D, 99. 06 ) A cwos Organ s
(ERY, 99. % ) (ROX, 90. @ ) (JOS 98. M )
(TYL 82.4% ) (SPT 88.% ) Sigma— A ldrich
: -ds (NOR-d, 9% ) -ds (OFL-d5, 99. 36 ) -
(SAR-ds, 99.3%6 ) Sem a— A Hrich ; -d (MX-di, 99.00 )

~di (SDMD-dy, 9. 0% ) [ -d (SPII -d, 98.0% ) PC o d (ERY-G
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98.0% ) Toronto R esearch Chen icals
( , Fisher ), 50 (9%, A lfa A esar ),
(980, F bika ) M illrQ Advantage A 10 ( M illpore )
18.2MQ* an(257TC)
1.2
25.0mg , 25mlL , 1 000 mg/L
, -20°C , ,
4°C
1.3
1.3.1 XTerraMS Cyg (2.1mm Xx100mm, 3.5 Hm); A -
( 1:1), B 0.3% ( 0. , pH=2.9); : 0.2mL /m iy
15 BI; : 0~2mmn, 106 A; 2~ 12mn, 106~ 706 A; 12~ 16 min 706 ~ 1006 A,
16~ 1I9mmn, 1006 A; 19~ 19.1mn, 1006~ 10 A; 19.1~ 33min 10 A
1.3.2 (ESD), (MRM)
, Q1 Q3 ; DP ( 1)
Gasl Gas2 ) ,
0. 14MPa 0.02MPg 5000V, 600 C,

Gasl: 0.38MPa Gas2 0.45MPa

1
Tabk 1 Expermental conditions of elkctiospray tandem m ass spec tom etry

Declustering Entrance Collision cellent Collsion Collsion cell

Analyte Parent D'aughter potental potentil potential energy  exit potential
onm /z onm /z
Umn UN U E/e&V Un

Norfbxacin (NOR) 320. 1 276.3 302 2° 45, 40 8.0, 80 11 11 23 R 10 10
Ciprofloxacin ( CIP) 332. 1 231.1 314.3 58 55 4.5 50 14 11 49 28 9.3 60

D ifboxacin hydrochbride( DIF) 400. 0 299.1 356. 2" &, 60 4.0, 40 13 13 4], 28 12 13
E nrofloxacin (ENR ) 360. 0 245.2 316.2 55, 58 5.0, 50 12 11 39 8 9.5 11
Fleroxacin( FLE) 370. 0 269.2 326. 2 45, 45 4.5 4.5 20 12 34 27 10 12

O floxacin (OFL) 362. 2 261.2 318 2 55, 55 5.0 50 24 12 38 27 10 11

Lan efbxacin hydrochbride( LOM ) 352.0 265.2, 3.2 53, 55 50 40 12 37 34 32 19 12
Sarafloxacin hydrochbride( SAR) 386. 0 299.2 368 2 65, 60 4.5 4.5 13 14 37 31 6.3 7.0
Norfloxacin-ds (NOR- d;) 3253 281.4 307.3 50, 40 85 7.5 1L 11 23 27 60Q 65
O floxacin-d; (OFL-dy ) 365. 2 261.2 321.2° 55, 55 6.0, 6.0 12 12 39 B 10 1.5
Sarafbxacir dy (SAR-dy) 3942 350.3 376.2° @ 59 60 60 13 12 28 B 12 14
Sulith amle( ST) 256.0  108.Q 156 0 B, 42 45 42 10 10 36 21 45 45
Su lfm ethoxazole( SMX ) 254. 0 156. 0, 160. 1 45, 47 4.0, 4.5 9 9 23 27 52 60
Sulfisoxamle ( SIA) 268. 1 108.Q 156. 0" 46, 46 4.5 4.5 12 9 37 21 4.3 50
Sulfapyrid ne( SPD) 250. 1 108.Q 156. 0 38, 41 7.0, 4.7 11 9 36 A4 4.3 55
Su lfad n ethox in( SDM ) 311.2 108.Q 156. I" 55, 57 4.5 4.0 12 12 41, 30 43 6.0
Sulfam ethazine( SDM D) 279. 2 156.Q 186. I" 47, 49 4.5 4.0 9 10 27 25 6.0 6.5
Su lfad iazin e( SDZ) 251. 1 108.Q 156.0° 42 43 4.3 3.5 11 9 33 3 4.2 50
Su lfam erazin( SMR) 265. 2 107.9 , 1%.0 47, 48 4.5 50 11 10 31 A4 4.3 55
Su lfanonan ethox ine( MM ) 281. 2 156. 0, 215.1 50, 48 50 50 1Q 9 26 25 53 7.0
Su lamethazine-d, (SDM D- d,) 283. 1 160. 0, 18.0 4, 48 4.5 4.5 10 10 28 26 6.0 65
Su lfam ethoxamle-d, (SMX-d,) 257. 9 112.Q 160. 0 4, 44 4.5 4.5 1L, 9 36 25 4.8 55
Sp iran ycin ( SP1) 843. 4 174. 1, 318.3 87, 85 10, 9.5 30 30 50 4 80 80
Josanycin( DS) 828. 3 174.2, 22.1 o, 77 10, 10 30 28 47 43 7.5 85

Tybsin tartrate( TY L) 916. 3 174.0 , 772.3 83, 85 10, 9.0 33 29 55 43 8.0 17
Erythanyein A-dhydrate( ERY ) 734. 3 158.7 ., 576.3 60, 58 4.8 4.8 27 23 4] 28 6.Q 12
Rox thranyein (ROX) 837. 4 158. 1, 679.4 2, 62 7.0, 6.5 30 26 48 30 7.0 14
Spirmycin [ -d, (SPII -d,) 846. 4 174. 1, 4323 85, 30 10, 4.5 30 27 52 18 8.0 15
Eryhmnycin-®G  d;(ERY-BC, d,) 738.0 1621, 580.3 55 55 50, 50 25 23 45 8 7.0 12

* quantiative ion
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1.4
0.10 g , 1.5¢g ; (34mL) I e ,
s 20 ng ; 10. 34 M Pa 70 C,
Smn 60% , 120 s 2
ASE350 , , 371TC
100 mL s s ImL /mn OasisHLB
(6 mL /200 mg) HLB SmL 5 mL , R 12
mL HLB , , 6 mL - ( 5:95) R
35°C 1. 0 mL , 1.0 mL ,
15 000 r/m n Smin 0. 22 bm
2
2.1
2.1.1 ,
[15]
, 9% , ,
2.1.2
: 50 60 70 80 C 4 ) 100
1 s 120
<
s E 80
50 C,
. 80T , v
60 80 TC , 70°7C s (U S Bt s B e e
> 606~ 130%
’ ’ 1 ASE
Fig. 1 Effect of extractbn temperamire n ASE
R on sp ked recovery of antibiotics at 20 M g/L
, (11
70 C
2.1.3 , 3 R
L6l ’ ’
2.2
2.2.1 W aters Oasis HLB
WAX s
_NH2[5]
s HIB WAX 22 , HLB
, HLB

2.2.2 - (5:95)
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— (5:95) , 3 806 ~ 1306
: . 6%~ 8W ~ (51095
2.3
, 22 2
2 , , (LOD, SN =3) 0.002~ 0.06
g/l 0.1g 0. 02~ 0.6 Hg/ke
124 A ; . ;i 184 ¢C e
= 1 §16 212 P
N 8 S 6
1
T T T T T 0 0 T T T T T T
2 6 10 14 18 22 2 6 10 14 18 22
t/min t/min
2 8 (A) 9 (B) 5 (€)

Fi. 2 Chiomatograns of 8 quinobnes(A), 9 sulbnan des(B) and 5 macroldes standard( C)
A 1 FLE 2 OFL 3 NOR, 4 CP 5 LOM, 6 ENR 7. DE 8 SAR; B 1L SDZ 2 SI, 3 SPD, 4 SMR
5. SbMD, 6. SMM, 7. SMX 8 SIA, 9 SDM; G 1 SPI 2 ERY, 3 TYL 4 JPS 5 ROX

2 22
Table2 Linear ranges correlaton coefficents(r) and sp ked recoveries of22 antb btics P/(Lg L)

Analyte  Sunogate L near range I LOD Background Added Found RecoveryR %  RSD s, M6
NOR NOR-ds 0. 05~ 500 0.997 4 0. 01 1.35 20.0, 100.0 19.5 83.1 91 82 16 38
CIp NOR-ds 0. 05~ 500 0.9987 0. 01 0.87 20.0, 100.0 16.5 73.3 78 72 12 92
DF OFL-d, 0. 05~ 200 0.9985 0. 01 - 20.0, 100. 0 15.5 852 78 85 3.7 7.0
ENR OFL-d; 0. 05~ 200 0.9990 0. 02 0.29 20.0, 100. 0 181 88. 1 89 88 10 36
FLE OFL-d, 0. 05~ 500 0.998 4 0. 02 0.45 20.0, 100. 0 19.7 94.0 96 94 8.4 7.1
OFL OFL-d, 0. 02~ 500 0.998 8 0. 01 0.83 20.0, 100. 0 19.0 83.0 91 82 9.9 3.2
LOM OFL-d, 0.1~ 500 0.9967 0. 03 0.42 20.0, 100. 0 16.3 83.0 80 83 8.9 6.7
SAR SAR-dg 0. 05~ 500 0.999 2 0. 02 0.35 20.0, 100. 0 18.7 90. 6 92 90 4.1 3.3
ST MX-d, 0. 05~ 500 0.997 4 0. 005 0. 017 20.0, 100. 0 20.1 87.3 100 &7 14 10
SMX MX-d, 0. 02~ 500 0.9991 0. 005 0. 038 20.0, 100. 0 19.4 97.2 97 97 3.3 1.2
Shz MX-d, 0. 05~ 200 0.9987 0. 005 - 20.0, 100. 0 18.6 96.8 93 97 3.0 4.2
SPD SDM D-d, 0. 02~ 500 0.9985 0. 002 - 20.0, 100. 0 19.9 96.7 99 97 1L 91
SbM SDM D-d, 0. 01~ 500 0.999 6 0. 002 - 20.0, 100.0 21.7, 114.4 109 114 3.8 4.6
SOMD  SDMD-d, 0. 05~ 500 0.9993 0. 002 - 20.0, 100.0 20.9, 103.6 103 104 .9 3.9
SA SDM D-d, 0.01~ 500 0.9986 0. 002 0. 006 20.0, 100.0 24.0, 111.4 120 111 8.8 3.2
SMR SDM D-d, 0. 02~ 500 0.9977 0. 004 - 20.0, 100.0 20.7, 109.2 104 109 7.0 82
MM SDM D-d, 0. 02~ 500 0.9985 0. 004 - 20.0, 100.0 20.3, 103.0 102 103 3.7 0.7
SPI SPII -d 0.2~ 500 0.9980 0. 06 0.07 20.0, 100.0  21.3, 106.0 106 106 3.3 21
JOos SPIT -d4 0.1~ 200 0.9934 0. 01 - 20.0, 100. 0 17.1 74.8 86 75 6.6 7.0
TYL SPII -4 0.1~ 200 0.9934 0. 03 - 20.0, 100. 0 17.1 65.8 86 66 8.8 &1
ERY ERY-BC, d, 0. 05~ 500 0.9992 0. 004 0. 075 20.0, 100. 0 19.Q 96.7 95 97 4.4 4.4
ROX SPII -4 0.1~ 200 0.9905 0. 01 - 20.0, 100. 0 14.4 91.8 72 92 8.6 80
* no detected

2.4

: 20 100 Hg/l, 5,
2 , 22
20 100 Hg/I , 22 7%~ 1206 606~ 1146 , (RSD)
1.%~ 168 0.0~ 100
2.5
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2
, 36.4 Hg/kg Table 3 Contents of anth btics n fsh sanplesw /(Mg kg ')
4 Analyte  Samplel Sample2 |[ Analyte Sanpk 1  Sanple 2
’ FLE 3.51 L2 SPD 1. 47 0. 099
NOR - 0. 89 SDM 1. 71 0. 091
DF - 0. 77 SDM D - -
OFL - 1.9 SIA - -
ASE HPLC-MSMS CP 3.93 1. 2 MR - -
%) SAR 4.73 0. 72 SMM - -
LOM 3. 41 0. 81 SP1 - -
ENR 36. 4 2.8 JOS - -
ST 6. 01 3.2 TYL - -
' SMX - 0. 061 ERY - -
SDZ 1. 28 0. 042 ROX - -

*  no detected
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