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ABSTRACT: Objective To establish a method for the determination of 32 kinds of antibiotic residues in fish
intestinal content by high performance liquid chromatography-tandem mass spectrometry. Methods It was
determined that the chromatographic column was ACQUITY UPLC BEH Cyg (2.1 mmx100 mm, 1.7 um), acetonitrile
and acidified acetonitrile were used as extraction solvents, purification by rapid column of veterinary drug residues,
determination by high performance liquid chromatography-tandem mass spectrometry, matrix standard curve
quantification. Results The limits of detection (LODs) of 32 kinds of antibiotics determined by this method were
0.2-0.5 ng/kg, and the limits of quantification (LOQs) were 1.0-1.5 ng/kg, the relative standard deviations (RSDs)
were 1.2%—12.8%, the recoveries of 3 spiked concentrations were 79.5%-106.6%. On this basis, the method was
used to determine the fish intestinal content samples of 5 fish farms, the results showed that 1 kind of sulfonamide,
1 kind of quinolone, 2 kinds of tetracyclines and 3 kinds of macrolide antibiotics were detected, and the detection rate
of azithromycin (AZI) was higher. Conclusion Based on the above conclusions, this method is suitable for the
determination of 32 kinds of antibiotic residues in fish intestinal content, and can further provide scientific guidance
and theoretical basis for the study of high performance liquid chromatography-tandem mass spectrometry in the
detection and analysis of various samples.

KEY WORDS: high performance liquid chromatography-tandem mass spectrometry; intestinal content; antibiotics;
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(lincomycin, LCM) ., 5% % (chloramphenicol, CAP), 3 NV) A
-D8 (ciprofloxacin-D8, CIP-D8) ., i#5i¥} f£-D5 (norfloxacin-D5,
NOR-D5), 3P A-D3 (ofloxacin-D3, OFL-D3), & 75 %-D5
(chloramphenicol-D5, CAP-D5)( ¥ F£ 100 pg/mL, f& [
Dr.Ehrenstorfer /A w]); % % (thiamphenicol, TAP)(¥ &
500 pg/mL, #MIZBFAERH B ARAA);, LEER
(oxytetracycline, OTC)( ¥ & 0.10 pg/mL) . 5% J1 # &
(doxycycline, DXC)(#E 0.14 pg/mL). K% H (timicosin,
TIL)HKEZ 0.15 pg/mL)CEM A TRIRFEORIRAIT 0 FT);
NP A (ciprofloxacin, CIP), i 7b & (norfloxacin, NOR)
FHH M (flumequine, FLU). %3 & (ofloxacin, OFL)(¥RJ¥
100 pg/mL). £ =284k 2 (graphitized carbon black, GCB)( |-
T 21 52 e B A A PR Wl ), N-TH 2 2 Z % (primary
secondary amine sorbent, PSA) . | /\ ¢ &t ## & fif
(octadecylsilane chemically bonded silica, C;g)(RHEIHAN A%
IR AR/ F]); Oasis HLB [EAHZEHAT(500 mg, 6 mL).
ACQUITY UPLC HSS T3 f@ji%4(2.1 mmx100 mm, 1.8 pum),
ACQUITY UPLC BEH Cjg {4 # (2.1 mmx100 mm,
1.7 pm)(GEE Waters 23 F]); FAVEX-NM50 252458 i it
(RiHE E AR AR A R A7)

Na,EDTA-Mecllvaine 2% ik *): FREL 37.2 g 2 ey
ZERH. 129 ghPBEIR. 27.5 g T UKABEREA MR
G5, MBAKERE 1 LG BRI pH & 4£0.05,
12 BESRE

DKZ H FAE 4R 35 KR (i N S AR AR i i A7 PR 2>
H); Elix10 Milli-Q #4li/k Z4i(3E E Millipore A H]); Xevo
TQ-S PUHAT HRERFIE{X . ACQUITY UPLC # = BB AH (4
AL (CERE Waters 2 F)); GR22GIIE HA R E.OHL(H 4
HITACHI 2 #]); N-EVAP™112 18 I /K % & WA (3
Organomation /A 1]); SQP KF-(f& & Sartorius A 1),

1.3 XWHE
131 HEREHIAE

RAEREETH 3 FaKFE5 T g i 8 N S YR
mh, KRG B T RO AE T, IR BRI TR &k
FERATD, ARFES IR T M 50 % F-18 °CLAUF R 17

FREX1.00 g fafiZiE NPT 50 mL B35 AR I 04
Hr, JEHIA 50 L B9 100 ng/mL PIARIES IR TREMEES
FIMA 5 mL ZJE, WiEdR% 20 min, F 4 °C’FLA 8000 r/min
B0 5 min, YWE IR, FIAFEEYA S mL 19 1%F R
MW EE I 1 &k, &3 2 WHREUK. B 5 mL 2
FAVEX-NMS50 2558 B PudA:, DL 1 /s MR B AR
W, T 40 CTFAKBRRAREET, MA 1 mL ZH5-0.1%H
BR7KPEW(5:95, V:V), WATE 1 min, 32 0.22 pm SRS Fl
1.3.2 #Ffew sk

SR AL MR ) 25 br v i 2. BRI 35 el g i) 22
FH A E N PRES, L I AR W, TR A1)
30 min, 4% FHAER 1.3.1 AUAL PSR, BRAAS 3] — R A%
FikRE TR . P CAP. NOR. CIP #l OFL 435114
CAP-D5, NOR-D5, CIP-D8 & OFL-D3 N N#R, FIAHiA4:
FHPR MR E i
133 &4t

IEE 7R @igt oy ACQUITY UPLC BEH Cig
(2.1 mmx100 mm, 1.7 um), FEiE 30 °C, #EFEE 5 L, Hish
AR ZNE(A)-0.1%F /KA W (B), i 0.3 mL/min. B
ik 0.0~1.0 min, 5% A; 1.0~2.0 min, 5%~10% A; 2.0~
7.0 min, 10%~15% A; 7.0~11.0 min, 15%~90% A; 11.0~
12.0 min, 90%~100% A; 12.0~14.0 min, 100% A; 14.0~
14.1 min, 100%~5% A; 14.1~16.0 min, 5% A.

R @igkh ACQUITY UPLC BEH Cj
(2.1 mmx100 mm, 1.7 pm), #1330 °C, #EFEE 5 uL, Hish
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Table 1 Mass spectrometry parameters for multiple antibiotics

= I3 AR B AR BEBS T (m/2) FET(m/2) HefLHL R/ V Tll 5 B R/ V
1 Tt e 2k (Sas) SIM ESI+ 279.2 124.17/186.1 10 20/16
2 SDT ESI+ 311.2 156.07/92.0 50 20/32
3 SMD ESI+ 281.2 156.17/92.0 28 16/24
4 SMP ESI+ 281.2 156.0°/108.0 46 16/26
5 SMM ESI+ 281.2 156.07/92.0 32 16/26
6 SDM ESI+ 279.2 186.17/92.0 18 16/30
7 SMO ESI+ 268.2 156.0"/92.0 28 14/26
8 SIZ ESI+ 268.2 156.07/92.0 34 12/24
9 TMP ESI+ 2913 230.27/123.1 62 22/24
10 SCP ESI+ 285.2 156.07/92.0 32 14/28
11 SMT ESI+ 271.2 156.0°/108.0 22 14/22
12 SMR ESI+ 265.2 156.17/92.0 12 16/26
13 STZ ESI+ 256.1 156.07/92.0 22 14/22
14 SMZ ESI+ 2542 156.07/92.0 16 14/26
15 SDZ ESI+ 251.2 152.1/92.0 14 14/26
16 SPD ESI+ 250.2 156.0"/92.0 32 16/26
17 45 25 (QNs) ORB ESI+ 396.6 295.2°/226.1 48 22/44
18 FLE ESI+ 370.6 269.37/194.1 52 26/44
19 CIP ESI+ 332.1 245.0°/231.0 40 22/38
20 NOR ESI+ 320.1 233.1°/205.0 36 24/32
21 FLU ESI+ 262.0 202.0°/126.0 8 32/44
22 OFL ESI+ 362.1 261.17/318.2 18 26/26
23 CIP-D8 ESI+ 340.2 296.3%/206.3 34 18/24
24 NOR-D5 ESI+ 325.4 238.2°/206.1 6 26/24
25 OFL-D3 ESI+ 365.5 261.17/221.5 60 26/38
26 PYPF 2 2(TCs) TC ESI+ 445.4 410.4°/427.3 32 18/10
27 OTC ESI+ 461.4 426.47/201.1 35 20/40
28 DXC ESI+ 4453 428.3°/410.1 44 16/22
29 KIF AR (MLs) AZI ESI+ 750.0 591.9"/116.1 80 28/44
30 ROX ESI+ 838.1 158.1°/679.9 52 32/18
31 TIL ESI+ 870.2 174.17/88.0 78 42/68
32 LCM ESI+ 407.4 126.17/82.3 54 26/30
33 AR RI(CPs) CAP ESI- 321.1 151.8"/257.0 30 20/15
34 FF ESI- 356.1 336.27/185.1 2 10/20
35 TAP ESI- 3543 185.1°/290.2 54 18/10
36 CAP-D5 ESI- 326.3 156.87/262.1 25 18/12
e T
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Fig.1 Total ion chromatograms of multiple reaction monitoring of 32 kinds of antibiotics
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Fig.l1 Total ion chromatograms of multiple reaction monitoring of 32 kinds of antibiotics
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Fig.2 Effects of different purification methods on the recoveries of antibiotics (n=3)
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Fz2 2 MHRERMNEASEMERBL(N=3)
Table 2 Regression equations and matrix effects of 32 kinds of antibiotics (n=3)
bR [l )y FE TR bR EVEpiy FL T

SMP Y=27858.9X+10363.6 0.26 SDZ Y=14362.5X+16461.8 0.81
SMM Y=10303.1X+292.92 0.30 SPD Y=18912.4X+457098.6 0.74
SDT Y=34315.7X-1162.49 0.51 SCP Y=6915.74X+15687.5 0.17
TMP Y=47197.1X+14074.8 0.27 SDM Y=2185701X+1628.58 0.56
SMT Y=14948.7X+16580.4 0.88 SIZ Y=25040.8X-10159.6 0.40
SMR Y=17800.4X-669.972 0.44 SMO Y=11215.9X-3717.91 0.52
STZ Y=7531.8X+6262.71 0.67 SIM Y=15177.9X+3689.94 0.70
SMZ Y=18890.9X-2343.81 0.71 SMD Y=1416.34X+8166.34 0.34
ORB Y=162.838X-49.5016 0.12 DXC Y=7456.51X-1329.64 0.44
FLE Y=33471.6X+24303.7 0.35 TIL Y=6986.38X+6400.66 3.09
CIP Y=2.11583X-1.7328536 0.38 AZI Y=7811.69X-5362.59 1.16
NOR Y=0.0726711X+0.0349123 0.51 LCM Y=175866X+174974 2.19
FLU Y=78.3159X-78.0888 0.73 ROX Y=18438.7X-7862.91 0.48
OFL Y=0.0159484X+0.00381508 0.40 FF Y=1100.7X+1241.98 0.88
OTC Y=1417.25X+1985.19 0.56 TAP Y=788.09X-296.518 0.80

TC Y=8448.79X+4791.57 0.34 CAP Y=0.575093X+0.0442331 0.66

2.6 HWHR, EER. HEHEMBZE

R 7 B A Y BR (limits of detection, LODs)FlIE = R
(limits of quantitation, LOQs)Z> Bl 2 25 (4 1 JF 54y
TE 3 F5F1 10 55 M H(S/NYAR B & okl 2 B0 gk 3
Al 32 FiBiAE R LODs A 0.2~0.5 pg/kg, LOQs K
1.0~1.5 pg/kg, 7825 FIEMENEWRER BN 3 MR E
AP AT AR E, WRBEHRIR N 2.0, 5.0, 8.0 pg/kg,

AIKEFATIE 6 IR, 15 HBEREZS | Mems . DR RIS,
KIANEEZS . FE R ISP R INAs R 4 51k
79.5%~106.6% . 81.6%~102.7% . 90.3%~99.6% . 86.9%~
100.0% . 90.1%~98.6%; #H X 5 #i i 2 (relative standard
deviations, RSDs)JLIZ 51N 1.2%~12.8%. 1.7%~7.4% .
1.7%~9.7%. 1.9%~6.3%. 3.3%~8.5%, 1% J5 1 i ifff 55 A
G 8 B 1l A ISR

R®3 RNMMEZNFEREBIR. EEMR. HERENBEEN=6)

Table 3 Limits of detection, limits of quantification, accuracies and precisions of 32 kinds of antibiotics (N=6)

Gk W BIECE RSDs  LODs  LOQs oo MR KK RSDs  LODs  LOQs

T uglke) 1% /%  Npgkg)  Npg/ke) 7 /(ug/ke) 1% 1% l(pglkg)  /(ng/kg)
2.0 87.1 12 2.0 95.6 5.7

SMP 5.0 80.5 3.3 0.5 1.5 SDZ 5.0 85.3 5.4 0.5 1.5
8.0 80.6 2.3 8.0 84.1 8.3
2.0 96.9 6.4 2.0 96.4 5.9

SMM 5.0 96.9 6.4 0.5 1.5 SPD 5.0 92.3 10.4 0.5 1.5
8.0 88.2 7.2 8.0 101.2 5.6
2.0 90.7 3.9 2.0 87.5 3.0

SDT 5.0 84.5 3.6 0.5 1.5 SCP 5.0 91.6 7.0 0.5 1.5
8.0 81.8 47 8.0 95.4 7.1
2.0 90.0 1.9 2.0 88.8 1.9

TMP 5.0 88.4 8.4 0.2 1.0 SDM 5.0 90.3 8.0 0.5 1.5
8.0 79.5 3.4 8.0 94.6 4.5
2.0 99.8 8.4 2.0 92.5 7.8

SMT 5.0 99.0 12.8 0.5 1.5 S1Z 5.0 84.0 2.3 0.5 1.5
8.0 91.0 3.6 8.0 92.5 3.1
2.0 83.9 5.6 2.0 93.6 6.2

SMR 5.0 90.4 5.7 0.5 1.5 SMO 5.0 87.7 4.7 0.5 1.5
8.0 95.8 4.6 8.0 90.9 3.6
2.0 91.7 5.5 2.0 85.6 8.3

STZ 5.0 89.4 6.0 0.5 1.5 SIM 5.0 91.1 5.3 0.5 1.5
8.0 101.4 49 8.0 83.3 26
2.0 106.6 6.5 2.0 93.5 3.4

SMZ 5.0 90.7 6.1 0.5 1.5 SMD 5.0 87.3 4.7 0.5 1.5
8.0 92.5 47 8.0 92.7 2.8
2.0 89.3 35 2.0 98.4 73

ORB 5.0 86.0 7.0 0.5 1.5 DXC 5.0 91.7 7.6 0.2 1.0
8.0 93.6 5.4 8.0 93.0 5.9
2.0 89.9 5.1 TIL 2.0 96.8 6.3

FLE 5.0 89.0 45 0.5 1.5 5.0 922 43 0.2 1.0
8.0 81.6 42 8.0 95.2 3.7
2.0 99.0 4.8 2.0 99.8 3.2

CIP 5.0 89.4 6.7 0.5 1.5 AZI 5.0 88.0 5.8 0.2 1.0
8.0 92.7 3.9 8.0 93.5 5.2




1148 B A TR R ) %13 %
= 3(8)
ok % PIIEY FlJgZ  RSDs  LODs LOQs ok % i [lg%  RSDs  LODs LOQs
T Nug/kg) 1% /%  Npgkg)  /(pg/kg) T Npglkg) /% 1% l(pg/kg)  /(ng/kg)
2.0 97.8 6.4 2.0 100.0 42
NOR 5.0 88.1 6.4 0.2 1.0 LCM 5.0 90.9 5.7 0.2 1.0
8.0 96.3 7.4 8.0 91.7 5.7
2.0 922 3.0 2.0 86.9 1.9
FLU 5.0 922 5.8 0.2 1.0 ROX 5.0 90.0 5.2 0.2 1.0
8.0 94.2 4.1 8.0 91.5 44
2.0 96.2 4.1 2.0 94.6 35
OFL 5.0 85.9 5.1 0.2 1.0 FF 5.0 92.0 8.5 0.2 1.0
8.0 102.7 1.7 8.0 93.7 46
2.0 99.6 1.7 2.0 97.8 7.3
0oTC 5.0 92.9 9.7 0.2 1.0 TAP 5.0 94.7 8.3 0.5 15
8.0 90.3 7.1 8.0 92.8 33
2.0 96.5 7.7 2.0 98.6 6.8
TC 5.0 93.4 5.8 0.5 1.5 CAP 5.0 95.0 43 0.2 1.0
8.0 95.7 4.8 8.0 90.1 5.8

2.7 EPREEMRINE

KA ST M 0% 5 RaZFa ek
LM IATE A YIRE R TR . PR 4 v, LA 1 Fp
TEE 2 | 1 R s | 2 FhUIR 2 3 R R ER AL
HEZE, 43y TMP, CIP, OTC, DXC, TIL. AZI, LCM,
Hrh 5 ZMRFEGIR T AZL, MEAGELRIEZEHR
ekt EBIGTTRL, X 5 KIRFEG I A7 IE NS YR
hE AR RIS

F4 LHRPRENRERSE

Table 4 Content of antibiotics detected in actual samples

I3 HR Fams  &RE/(ugkg)  RSDs/%
SAs TMP 2 6.15 34
QNs CIP 5 4.64 2.2
TCs OTC 2 5.44 2.7
DXC 2 6.18 3.6
MLs TIL 2 5.33 2.2
1 0.54 3.7
2 3.27 2.1
AZI 3 1.16 1.8
4 0.64 1.6
5 0.59 2.6
LCM 2 3.85 2.5

3 Zig5rhe

ARG T S HE N A 32 Fdidl £ S alE

P14 e RO RR % - R IR T 3R« 1% 12 SR P DRl T A A U
Bk, R PR BAH AR HLB A1 QUEChERS J7 B
R, JEXTA R . ARSI S SE R 5 1
IR, BUE T HGE I . A IR ERRTAE . Rok e . i
W PkEdr, FTH oA Rk W S5 PR i A SR,
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