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Rapid determination of drug residues of four kinds of tetracyclines
using DES-UPLC-MS/MS in aquatic products
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Abstract: Objective: This study aimed to develop a method of
rapid detection of tetracyclines including tetracycline, oxytetracy-
cline, aureomycin and doxycyclin in aquatic products with deep
eutectic solvents (DES) extraction and ultra-high performance
liquid chromatography-tandem mass spectrometry (UPLC-MS/
MS). Methods: Different parameters of DES, such as the types of
solvents, molar ratio of solvents, water content, and pH value
were optimized. Results;: The optimum deep eutectic solvent con-
ditions for the medicament analysis of four tetracyclines in aquatic
products were choline chloride-glycerol combination (molar ratio
1+ 4) with 90% moisture content and 0.1% formic acid. Under
the control of these condition, the four types of tetracyclines
could be significantly separated, with a linear correlation of
0.999 4 in the mass concentration range of 5.0~200.0 ng/mL and
LOD of 20.0 pg/kg. The recovery of each target component
ranged from 82.2% t0 102.8% , and the RSD was less than 10%.
The analytical method developed was used to detect four kinds of
tetracyclines in different samples including 13 batches of commer-
cially available aquatic products, one quality control (QC)
sample, and one international proficiency testing sample. The re-
sult indicated that oxytetracycline and doxycycline could be detec-
ted in one batch of shrimp sample from the market with a concen-
tration of 64.8 pg/kg, and 25.4 pg/kg, respectively, while the
sample and international

content of tetracyclines in QC

proficiency testing sample were all within the limits of given char-
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acteristic values. Conclusion: The novel DES-UPLC-MS/MS
method developed is feasible to both the qualitative and quantita-
tive analysis of the tetracyclines in aquatic products, which an ad-
vantage of simple pre-processing and high accuracy and efficiency.
Keywords: deep eutectic solvents; ultra-high performance liquid

chromatography-tandem mass spectrometry ( UPLC-MS/MS);

tetracyclines; drug residue; aquatic products
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Table 1 Different types of DES

%5 A2k A A FEIR 1
DES-1 AL R 7 1:2
DES-2 AR Vg 1:3
DES-3 AR 2 1:4
DES-4 AL =R 1:2
DES-5 SALME =R 1:3
DES-6 Al =R 1:4
DES-7 SAL R 1.4-T 1:4
DES-8 AfbpanE  1.4-T E 1:5
DES-9 SUEIHRE 14T T 1:6
DES-10 SUEIHRE 14T T 1:2
DES-11 SALRREE  1.4-T 1:3
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Sy FRRE B B MR BT £ 0.0 min, 95 % A32.5 min.85% A;
6.9~7.0 min,80% A;9.0~12.5 min,40% A;13.0 min,
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Table 2 Mass parameters of tetracyclines

HYETE THETOn/2) TETOGr/2)

MAERE R/ eV BB AWIE/V R I /min

[UEZ N 445.0 409.8* /426.9
+HE 461.0 425.9% /443.0
SHBE 479.0 443.7* /461.7
IR 445.0 427.8* /154.0

8, 16 120 9.564
16, 8 120 9.693
20, 16 145 10.379
12, 28 130 10.863

+
Abundance( x 10°)

Il Il L Il Il Il L Il Il Il Il
1 2345678 9101112
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Acquisition time/min
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+
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Il Il Il Il Il Il Il Il
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Figure 1

Mass spectrum of tetracyclines
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Figure 2 Effect of solvent types on extraction efficiency

of four analytes
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Figure 3 Extraction efficiency of analytes using DES

with different moisture content
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4 Fu FR R LW AE 3 A IMAR KT T 4 R R Ry
82.2%~102.8% . FF & H i 43 Mkl i 25K
2.4 HRWwN
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Table 3 Effect of pH on extraction efficiency of

tetracycline rg/kg

FRYE(E FREEDCH] 350 1 %50 2 3R 3 R 4 R 5

129.8  91.2~168.4 40.2 137.0 136.4 137.5 121.6
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Table 4 Linear equations and limits of detection(LLOD) of the analytes
25) % By MRRE r RMEJE/ (ng » mL™Y)  KHBR/ (g s kg™
EZNES y=1653.457 7322 —4 312.615 742 0.999 5 5.0~200.0 20.0
+H/R y=1178.828 9292 —1 372.296 835 0.999 4 5.0~200.0 20.0
LER y=208.507 508x —34.751 871 0.999 6 5.0~200.0 20.0
WRFE R y=0681.196 0802 —433.559 353 0.999 9 5.0~200.0 20.0

RO BWEMBEE

Table 5 Recovery and precision (7 =26)

/IR ORI/ (pg s kgD IR/ (pg e kgD K/ (pg e kg ) BIRE/% RSD/%
100.0 94.9 94.9

[LEZSS ARAG 200.0 196.2 98.1 4.1
400.0 411.2 102.8
100.0 83.1 83.1

L% St iy 200.0 169.4 84.7 5.1
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100.0 82.2 82.2

SHER KK 200.0 178.8 89.4 3.4
400.0 369.2 92.3
100.0 88.8 88.8

[Pk 5 R 200.0 198.0 99.0 5.2
400.0 380.4 95.1
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