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Abstract: An analytical method combining high-throughput automatic solid-phase extraction
with ultra-performance liquid chromatography-tandem mass spectrometry ( UPLC-MS/MS) was
developed to determine 16 antibiotics ( macrolides, tetracyclines, quinolones, and sulfona-
mides) and 4 B-agonists ( terbutaline, salbutamol, ractopamine, and clenbuterol) in human
urine samples. After thawing at room temperature, 1 mL of urine was sampled and the internal
standard was added, followed by the addition of 200 pL. ammonium acetate buffer and 20 pL 8-
glucuronidase , and the mixture was incubated at 37 C overnight. Automatic solid-phase extrac-
tion was used to extract the target compounds from the urine samples, and the recoveries were
compared using different solid-phase extraction 96-well plates ( PRIME MCX, Sep-Pak C,
PRIME HLB), types and volumes of rinse solutions and eluents. Satisfactory recoveries of the
20 target compounds were obtained using the Oasis PRIME HLB 96-well plate, with 1. 5 mL 10%
(v/v) methanol aqueous solution and 2.0 mL methanol as the rinse solution and eluent, re-
spectively. The eluent was concentrated under nitrogen gas at 45 C, and the recoveries of the
target compounds were compared under different conditions ( completely or almost dry, drying
to 1 mL, and adding water as a protective agent) , and the recovery rate was optimal when wa-
ter was added as a protective agent.

In this study, two types of analytical columns ( ACQUITY BEH C, and ACQUITY HSS T,)
and different gradient elution procedures and mobile phases were compared. The optimal chro-
matographic effect was realized using an HSS T, column (100 mmx3.0 mm, 1.8 pm) and 0. 1%
(v/v) formic acid aqueous solution-0. 1% (v/v) formic acid in acetonitrile as the mobile phase
in gradient elution at a flow rate of 0. 3 mL/min. Comparing the peaks observed using different
proportions of methanol aqueous solution and the initial mobile phase as the injection solvent
revealed that 30% (v/v) methanol aqueous solution was the optimal solution in terms of peak
shape and signal-to-noise ratio. MS was conducted using positive electrospray ionization (ESI")
in multiple reaction monitoring ( MRM) mode, and the MS parameters were optimized, inclu-
ding the curtain (CUR) and collision gases ( CAD). The standard curve obtained using this
method exhibited a good linearity ( correlation coefficient>0. 997) , and the respective limits of
detection and quantification were 0. 02-0. 12 ng/mL and 0. 06-0. 41 ng/mL. At spiked levels of
0.25, 2.5, and 12. 5 ng/mL, the recoveries were in the range of 81. 7% —120. 0% ( except that of
tetracycline ) , the intra- and inter-day RSDs (n=6) were 1. 1% -11.0% and 1.2% -13.0%, re-
spectively. Azithromycin, trimethoprim, terbutaline, salbutamol, ractopamine, and clenbuterol
displayed moderate matrix effects, but all targets exhibited weak matrix effects after correction
using the isotope internal standard. To evaluate the accuracy of this method, BCR-503 ( contai-
ning salbutamol and clenbuterol) and internal quality control samples were used and the con-
centrations of salbutamol and clenbuterol were within the reference ranges. Additionally, the
mean concentrations of the 20 target compounds of two different internal quality control sam-
ples after 7 measurements were in the ranges of 0. 44-0. 59 ng/mL (0. 5 ng/mL) and 1. 72-2. 16
ng/mL (2.0 ng/mL), respectively, which were satisfactory. In this study, the analytical
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method employed automatic sample pretreatment with a 96-well solid-phase extraction plate,

and the detection efficiency was considerably improved. This method displays the advantages of

simple operation, ideal recovery, a high sensitivity and weak matrix effect, which satisfies the

requirements for the simultaneous determination of 16 antibiotics and 4 B-agonists in human

urine samples. This study provides a crucial method for use in monitoring antibiotics and S-

agonists in human urine and studying their exposure characteristics and health risks.

Key words: solid-phase extraction ( SPE) ; ultra-performance liquid chromatography-tandem

mass spectrometry ( UPLC-MS/MS) ; antibiotics; B-agonists; urine
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Table 1 Information of the 20 standards and eight internal standards

Mass concentration/

No. Compound Abbreviation . Solvent
Purity
1 azithromycin (F[FHEFEZXR) AZ1 1000 pg/mL methanol
2 clarithromycin ( FEHER) CLA 1000 pg/mL methanol
3 roxithromycin ( B4 HX) ROX 1000 wg/mL methanol
4  tetracycline (TUFFE) TC >96.3% -
5  doxycycline (¥ 1% &) DC >92.4% -
6  oxytetracycline ( +H %) OTC >93.8% -
7  ciprofloxacin (AR A) CIP 1000 wg/mL methanol
8  ofloxacin (2 HEIE) OFL 1000 pg/mL methanol-dimethyl sulfoxide (1:1, v/v)
9  enrofloxacin ( Bi#HEVN2) ENR 1000 wg/mL methanol-dimethyl sulfoxide (1:1, v/v)
10  pefloxacin (i E) PEL 1000 pg/mL methanol
11 difloxacin ( VP E) DIF 100 pg/mL methanol
12 norfloxacin (iR IPE) NOR 100 pg/mL methanol
13 sulfamethazine (il —H WEIE) SMZ 1000 pg/mL methanol
14 sulfamethoxazole (filfi i FF I ) SMX 1000 wg/mL acetonitrile
15  sulfadiazine (i Jim5nE ) SDZ 1000 wg/mL methanol-dimethyl sulfoxide (4:1, v/v)
16  trimethoprim ( F 4R IE) TEP 1000 pg/mL acetonitrile
17 terbutaline (FEAiifliik) TER 100 wg/mL methanol
18  salbutamol (7> T HEfE) SAL 100 wg/mL methanol
19  ractopamine (3% M%) RAC 100 pg/mL methanol
20  clenbuterol (FLAEHEE) CLE 100 pg/mL methanol
21  azithromycin-D, ( f#F8 %-D;) AZI-D, 100 wg/mL methanol
22 doxycycline-D; (3% f1E&-D,) DC-D, > 95.6% -
23 ofloxacin-D; (%P &-D;) OFL-D, 100 pg/mL methanol
24 sulfamethoxazole-'3 C, ( fifi il FHIERK-13C, ) SMX-'3C, 100 wg/mL acetonitrile
25  terbutaline-Dy (¢ Abfk-Dy ) TER-D, 100 wg/mL methanol
26 salbutamol-D;, (75 T #ZEE-D; ) SAL-D, 100 pg/mL methanol
27  ractopamine-Dg (3£ L H-Dy ) RAC-Dg 100 pg/mL methanol
28 clenbuterol-Dy ( FEAEHRFE-Dy ) CLE-D, 100 pg/mL methanol

—. solid.
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Table 2 Gradient elution program

Time/min o(A)/% 2(B)/%
Initial 97.0 3.0
1.0 97.0 3.0
2.0 80.0 20.0
7.0 40.0 60.0
8.5 5.0 95.0
11.0 5.0 95.0
115 97.0 3.0
15.0 97.0 3.0

A: 0.1% (v/v) formic acid aqueous solution; B: 0.1%
(v/v) formic acid in acetonitrile.
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AZI CLA ROX TC
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E1 AE(a)SFESK(b)WESEHFT 20 #ERWHERRL (n=4)

Fig. 1 Signal-to-noise ratios of the 20 target compounds using different (a) curtain ( CUR)

and (b) collision gases (CAD) (n=4)
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Table 3 MS parameters of the 20 target compounds and
eight internal standards

No. Compound Precursor/ Product/ CE/eV DP/V
(m/z) (m/z)

1 AZ1 749.7 591.3" 44 60
573.5 48

2 CLA 748.6 158.2* 34 10
590.3 25

3 ROX 837.6 679.3" 30 30
158.1 43

4 TC 445.2 154.0" 34 20
410.0 27

5 DC 445.2 428.1" 25 45
410.1 35

6 OTC 461.1 426.0" 26 35
443.1 18

7 CIP 332.2 288.2" 22 120
231.0 26

8 OFL 362.2 318.0" 24 120
261.0 39

9 ENR 360.2 316.3" 28 35
342.0 31

10 PEL 334.1 233.0" 32 130
290.1 26

11 DIF 400.2 356.1" 25 125
299.0 35

12 NOR 320.2 276.0 " 20 130
233.1 33

13 SMZ 278.9 186.2 " 31 25
156.2 31

14 SMX 254.1 91.8" 24 45
108.1 31

15 SDZ 251.1 156.1" 20 63
92.0 28

16 TEP 291.3 230.1" 36 50
261.2 30

17 TER 226.1 152.1" 20 70
107.1 35

18 SAL 240.1 148.0" 19 60
166.0 17

19 RAC 302.3 121.1* 30 40
136.0 26

20 CLE 277.1 203.0" 20 30
168.0 34

21 AZI-D, 752.6 594.4 46 30

22 DC-D, 448.3 431.0 26 30

23 OFL-D, 365.2 261.1 35 30

24 SMX-BCq 260.1 162.0 25 30

25 TER-D, 235.1 153.1 28 25

26 SAL-D, 243.2 151.0 20 30

27 RAC-Dg 308.3 168.0 21 24

28 CLE-D, 286.1 204.1 22 40

#* Quantitative ion; CE; collision energy; DP: declustering
potential.
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Fig. 2 Extracted ion chromatograms of the target
compounds obtained using different chrom-
atographic columns and mobile phases
Mobile phase: a, b and d, 0. 1% (v/v) formic acid aqueous
solution-0. 1% ( v/v) formic acid in acetonitrile; c. water-
acetonitrile.
Peak identifications: 1. SDZ; 2. TEP; 3. SMZ; 4. SMX; 5.
AZI; 6. CLA; 7. ROX; 8. NOR; 9. OFL; 10. PEL; 11. CIP; 12.
ENR; 13. DIF.
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Fig. 4 Effects of the solid-phase extraction cartridge on the recoveries of the target compounds (n=4)
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2.5 FHEFEN
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10 f5hRE A 22 23 91314 MDLs #1 MQLs, 20 Ff H
Fr¥1 MDLs #l MQLs 43514 0. 02 ~ 0. 12 ng/mL
F10.06~0.41 ng/mL( WL 4)
252 EREERHEE

K SE R RAE InAm i 77 =, Be il 20 #h B AR 19
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ng/mL) ZKF-HIFRE R, AT IR [0 3E F0RS 25 B i
¥, SERFI K A 5 3 AR AR R S
WA 83.2% ~ 120. 0% . 83. 1% ~ 122.0% F1 81.7% ~
116. 1%, H NAE R (n=6) A H A5 B (n=6) 4>
WA 1. 1% ~ 11. 0% F1 1. 2% ~ 13. 0% , EAK L3 5,

AHFEBR VU 28 R A1, oAl B A5 8 00 i A [0 5y
81. 7% ~120. 0% , i /&£ GB/T 27417-2017"'% F5R ( [A]
WL R 60% ~120%) o PUPRER IR [0 0%
1229% , HLJF R AT BE 2 DU 8 2 TE X AR, 53 Ak, A%
D7k TR B AR BRS 5 B AE R A G GB/T 27417-
2017 FRUEXS A 2% BE 1 SR (IR TR % /N T
43%) ,
2.5.3 E#HEEHN

A 0 R VDT BE AN 5 A8 4 2 1 BCR-503
AR PEA T IR IERR R 25 SRR, VT R
FBE A R 2 A9 I 25 - 53 58 2.8 ~ 3.1 ng/mL
(RSD: 4.2%,n =4) fl 2.1 ~2.2 ng/mL (RSD:
3.8%,mn=4), BITEHEN S HHEWE 1.7~3.2
ng/mL F12. 1~2.9 ng/mL 2 N, B0 & 45 5 1E

KRR 43 H AR 38 X D A IS % W) 5, T
AT ] I 5 B & v A 0. 50 ng/mL il 2,00
ng/mL (%) N B 5 2 #£ i (internal quality control,
1QC) Keilt— 2L 1EAG I ik M IE AR, HLAE VR BE R4 T
7 WOEATINRE . 7E 0. 50 ng/mL 114 PN 38 BT R ke i
20 A B AR 22 W B P Y (B B Ll 0. 44 ~ 0. 59
ng/mL, RSD H 4. 4% ~9. 6% ; 7E 2. 00 ng/mL [ 4
PR S, 20 Tl H AR 0 e v 5P 21 i R
H1.72 ~2.16 ng/mL, RSD # 3.6% ~9.4%, W
5, FRBAIZITIEIEM R S AR

x4 20 MERYHEEEE EEFREEXRE(r) FERHRTEESR
Table 4 Linear ranges, regresssion equations, correlation coefficients (r), method detection limits (MDLs), and method
quantification limits (MQLs) of the 20 target compounds

No. Compound Linear range/ (ng/mL) Linear equation r MDL/ (ng/mL) MQL/(ng/mL)
1 AZI 0.1-30 y=0.06522+0.0114 0.998 0.03 0.09
2 CLA 0.1-30 y=0.05932+0.0069 0.999 0.02 0.08
3 ROX 0.1-30 y=0.0674x+0.0014 0.999 0.03 0.09
4 TC 0.1-30 2 =0.0252x+0.0008 0.999 0.03 0.08
5 DC 0.1-30 y=0.05922+0.0043 0.999 0.05 0.12
6 OTC 0.1-30 y=0.11602+0.0188 0.999 0.02 0.06
7 CIp 0.5-30 y=0.0348x+0.0103 0.999 0.10 0.33
8 OFL 0.1-30 =0.0392x+0.0061 0.999 0.02 0.06
9 ENR 0.5-30 y=0.10502+0.0046 0.999 0.07 0.24

10 PEL 0.1-30 y=0.02512+0.0024 0.998 0.03 0.10

11 DIF 0.1-30 y=0.0245x+0.0021 0.999 0.04 0.12

12 NOR 0.5-30 y=0.0547x+0.0354 0.999 0.09 0.30

13 SMZ 0.1-30 y=0.11402+0.0115 0.999 0.02 0.06

14 SMX 0.5-30 y=0.02572+0.0043 0.998 0.12 0.41

15 SDZ 0.1-30 2 =0.04302+0.0064 0.997 0.03 0.09

16 TEP 0.1-30 y=0.04052+0.0066 0.999 0.03 0.12

17 TER 0.1-30 y=0.05712+0.0322 0.998 0.03 0.06

18 SAL 0.1-30 y=0.36402+0.0049 0.999 0.02 0.06

19 RAC 0.5-30 2=0.01392+0.0008 0.998 0.08 0.26

20 CLE 0.5-30 y=0.04732+0.0066 0.999 0.08 0.25

y: peak area ratio of compound to internal standard; x; mass concentration ratio of compound to internal standard.
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Table 5 Spiked recoveries, intra- and inter-day relative standard deviations (RSDs) of the 20 target compounds (n=6)

0.25 ng/mL 2.5 ng/mL 12.5 ng/mL
No. Compound o, Intra-day Inter-day o, Intra-day Inter-day o, Intra-day Inter-day
Recovery/%  psp/e  RsD/% O™ pepw RsD/w VY% pepse RsD/%
1 AZI 92.6 2.3 4.4 83.1 4.1 6.0 81.7 11.0 7.1
2 CLA 88.4 2.7 5.6 92.4 1.4 4.4 91.9 7.2 7.3
3 ROX 99.3 1.2 7.2 99.7 2.4 5.8 93.2 2.2 2.7
4 TC 104.4 3.8 4.6 122.0 4.7 5.3 116.6 6.5 5.6
5 DC 95.5 1.4 4.6 99.5 3.2 1.8 98.8 7.9 5.0
6 OTC 85.8 5.3 13.0 91.1 9.4 8.1 91.9 7.3 2.8
7 CIP 95.5 3.2 3.7 105.9 6.7 8.1 96.3 5.3 6.3
8 OFL 83.5 4.7 6.4 89.0 2.9 2.9 86.0 6.0 7.8
9 ENR 83.9 6.3 8.6 88.2 2.8 5.5 87.1 9.8 10.0
10 PEL 93.3 6.2 5.3 97.6 1.6 2.7 96.0 5.1 5.2
11 DIF 101.6 2.6 2.0 100.0 4.6 3.6 103.8 2.2 2.4
12 NOR 109.7 5.3 6.9 94.6 3.1 2.2 99.8 9.3 5.4
13 SMZ 99.9 1.2 1.6 105.4 2.8 2.5 103.5 6.2 6.1
14 SMX 101.4 9.1 8.7 100.9 1.8 2.0 99.5 1.1 1.2
15 SDZ 89.2 1.4 7.2 93.0 1.9 1.9 94.9 2.6 2.4
16 TEP 83.2 2.9 5.2 84.0 2.1 4.7 88.6 4.7 4.6
17 TER 102.8 5.4 5.5 103.8 7.8 5.1 111.9 2.1 2.3
18 SAL 96.6 3.7 3.6 91.0 2.7 3.2 86.6 3.4 4.0
19 RAC 120.0 5.8 5.6 98.1 4.8 5.7 95.6 3.1 3.6
20 CLE 92.7 5.0 6.2 99.1 2.9 3.5 92.8 6.9 7.7
0.8 R4 Fh p-Z KBS, AT O A LA A
] 1 0-100% . N o o o
5 T X%2SD T ABEFEIGIN T 4 Fh B-Z B F), SC i T K
0.6+ - X PR Z R BT RN B-32 A4 77) Y [ Bp 5 5 R
I : B i B ] e e S IS P
0.4+ g e - e e b 2 L g
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1 0-100% NN = I N . S
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o 2.0 = . ey, - N ‘
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