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Abstract . Antiviral drugs (ATVs) are not licensed for the treatment of viral diseases in food-
producing animals in China. However, they are reportedly illegally used in the Chinese softshell

turtle ( Pelodiscus sinensis) aquaculture industry; hence, the use of ATVs has become a new
aquatic food-safety problem. In this study, a method was developed for analyzing eight ATV
residues (amantadine, rimantadine, lamivudine ribavirin, moroxydine, acyclovir, oseltamivir,
and imiquimod) and two metabolites (1,2, 4-triazole-3-carboxamide and oseltamivir acid) in
Chinese softshell turtle muscle using pass-through solid-phase extraction and ultra-high per-
formance liquid chromatography-tandem mass spectrometry ( UHPLC-MS/MS). The main fac-
tors that affect the sensitivity, precision, and accuracy of the method were optimized during

Wo#m B H#1:2024-02-18
« B ILEE Z A.Tel: (0571) 88982680, E-mail : yaginwang @ zju.edu.cn ( . 3E) ; Tel: (0571) 85029627 , E-mail ; jimmyuu1987 @ 163.
com(ZEHFF).
EETE : EK AR LS (32372480) ; Wi “ J58” “ GURE” I & BG4 (2023C02039) .
Foundation item: National Natural Science Foundation of China ( No. 32372480) ; “Pioneer” and “Leading Goose” R&D Pro-
gram of Zhejiang ( No. 2023C02039).



. B 55 PR AR 5O 6 - T R R
F 2 A 8 BN 254 K 2 FR R + 1165 -

sample pretreatment and instrumental analysis owing to the diverse chemical properties of the
analytes. The performance of various chromatographic columns and mobile phases were investi-
gated to eliminate interference from uridine during the detection of ribavirin. The proportion of
acetonitrile in extration solution and solid-phase extraction column type were prioritized when
optimizing extraction and purification parameter. Samples were hydrolyzed using phosphatase
(acid type) in 6 mL ammonium acetate buffer, with optimum results obtained when enzymolys-
is was performed at 37 C, and pH 4. 8 for 2 h, after which they were extracted with 14 mL of
acetonitrile containing 1% acetic acid. The supernatant (2 mL) was purified using a Wallelut Li-
poclean column operated in pass-through solid-phase-extraction mode. The sample was dried
under nitrogen at 40 C and the residue was dissolved in 1 mL of methanol-acetonitrile (50:50,
v/Vv) solution. The sample was finally filtered through a 0. 22-pm hydrophilic polytetrafluoroeth-
ylene syringe filter for UHPLC-MS/MS. The chromatographic separation of the analytes was per-
formed on a hydrophilic interaction chromatographic column ( HILIC-Z, 100 mmx2. 1 mm, 2.7
pm) via gradient elution using 2 mmol/L ammonium acetate aqueous solution ( containing
0. 1% formic acid) and acetonitrile as mobile phases A and B, respectively. The linear gradient
program were as follows; 0—1.0 min, 3% A; 1.0-5.0 min, 3% A-20% A; 5.0-6.0 min, 20% A;
6.0-6.5 min, 20% A-50% A; 6.5-8.0 min, 50% A; 8.0-8.5 min, 50% A-3% A; 8. 5-12 min, 3%
A. The analytes were detected using a triple quadrupole mass spectrometer operating in posi-
tive-ion scanning and multiple-reaction monitoring ( MRM ) modes, with quantitative analysis
performed using the internal standard method. Good linearities (7° =0.994-0.998) were ob-
tained for the ten target compounds at experimental concentrations under the optimal condi-
tions. The method detection limits ( MDLs) and method quantification limits ( MQLs) were in
the range of 0. 05-1. 1 and 0. 18-3. 8 ng/kg, respectively. The average recoveries of the 10 tar-
get compounds ranged from 82.5% to 103%, with relative standard deviations ( RSDs) in the
range of 3. 11%-12. 1% at low, medium and high spiked levels. The developed method was ap-
plied to 67 Chinese softshell turtle samples obtained from a fish farm in Zhejiang Province. Riba-
virin and metabolite were detected in real samples at total contents of 6. 02-333.2 pg/kg. The
developed method is simple to operate, highly accurate, and suitable for use in risk-monitoring
applications owing to its ability to rapidly determine eight ATV residues and two metabolites in
Chinese softshell turtle samples.

Key words: pass-through solid-phase extraction; hydrophilic interaction chromatography
(HIC) ; ultra-high performance liquid chromatography-tandem mass spectrometry ( UHPLC-MS/
MS) ; antiviral drugs; metabolites; Chinese softshell turtle
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Table 1 MS parameters for the 10 target compounds, uridine and 8 isotope internal standards

No. Compound Acronym tz/min Ton pairs (m/z) DP/V  CEs/eV IS
1 1,2 ,4-triazole-3-carboxamide TCONH, 1.42 113.0>96.0* | 113.0>69.0 40 18,35 RBV-BC,
2 lamivudine 3TC 2.29 230.1>112.1*, 230.1>95.0 30 23,53 3TC-C,PN,
3 imiquimod IMQ 2.37 241.2>185.1* , 242.2>168.1 70 35,45 IMQ-D,
4 ribavirin RBV 3.20 245.1>113.0 , 245.1>96.0 30 12,42 RBV-"C;,
5  rimantadine RMT 3.70 180.2>163.1* , 180.2>81.1 40 22,30 RMT-D,
6 oseltamivir OST 4.01 313.2>166.0* , 313.2>225.1 40 26, 15 OST-D,
7 amantadine AMT 4.06 152.1>135.1%, 152.1>93.1 40 23, 38 AMT-Dg
8  acyclovir ACV 4.29 226.1>152.1% , 226.1>135.0 40 20,40 ACV-D,
9  moroxydine ABOB 4.65 172.1>113.0% | 172.1>85.0 50 28,22 ACV-D,
10 oseltamivir acid OSTA 6.13 285.2>197.1", 285.2>138.1 20 15, 28 OSTA-D;
11 uridine URD 2.63 245.1>113.0 30 15 -

Lamivudine-*C, N, 3TC-*C, "N, 2.30 233.1>115.0 30 20 -
Imiquimod-D, IMQ-D, 2.37 250.2>186.1 70 35 -
Ribavirin-"Cj RBV-"C, 3.20 250.1>113.0 30 12 -
Rimantadine-D, RMT-D, 3.70 184.2>167.1 40 20 -
Oseltamivir-D; OST-D, 4.01 316.2>228.1 40 15 -
Amantadine-D, AMT-Dg 4.06 158.2>141.1 40 23 -
Acyclovir-D, ACV-D, 4.29 230.1>152.1 40 20 -
Oseltamivir acid-D, OSTA-D; 6.13 288.2>200.0 20 15 -

* Quantitative ion. DP; declustering potential; CEs: collision energies.
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Fig. 1 Secondary ion mass spectra
of ribavirin and uridine
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Fig. 2 Peak areas of the 10 target compounds (50 ng/mL) on different chromatographic columns (n=3)
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Table 2 Resolution (R,) of ribavirin and uridine on different chromatographic columns

No. Brand Model Specification Category R,
1 Waters ACQUITY UHPLC BEH C18 100 mmx2.1 mm, 1.7 pm RPLC 4.15
2 Waters ACQUITY UHPLC HSS T3 100 mmx2.1 mm, 1.8 pm RPLC 4.69
3 Agilent ZORBAX Eclipse SB-aq 100 mmx2.1 mm, 1.8 pm RPLC 5.65
4 Phenomenex Kinetex F5 100 mmx2.1 mm, 1.7 pm RPLC 5.15
5 Waters ACQUITY UHPLC BEH Amide 100 mmx2.1 mm, 1.7 pm HILIC 1.45
6 Agilent Poroshell 120 HILIC-Z 100 mmx2.1 mm, 2.7 pm HILIC 4.64
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Fig. 3 Effects of different ammonium acetate concentr-
ations on the the peak areas of the 10 target
compounds (rn=3, 50 ng/mL)
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Fig. 4 Extracted ion chromatogram ( EIC) of uridine
and the 10 target compounds
1. 1,2,4-triazole-3-carboxamide; 2. lamivudine; 3. imi-
quimod ; 4. ribavirin; 5. rimantadine; 6. oseltamivir; 7. amanta-
dine; 8. acyclovir; 9. moroxydine; 10. oseltamivir acid; 11. uri-
dine.
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Fig. 6 Effects of different SPE columns on the absolute recoveries of the 10 target compounds (n=3)
ACN; acetonitrile; ACN (1% AA) . acetonitrile containing 1% (v/v) acetic acid.
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Table 3 Linear ranges, linear equations, correlation coefficients (r2), method detection limits (MDLs) and
method quantification limits (MQLs) of the 10 target compounds

Compound Linear range/ ( ng/L) Linear equation 7’ MDL/ (ng/kg) MQL/ ( ng/kg)
TCONH, 1-100 y=0.0916x+0.0129 0.998 0.26 0.88
3TC 0.2-20 y=0.01742-0.00010 0.997 0.05 0.18
IMQ 0.25-25 y=0.06242-0.00313 0.998 0.06 0.21
RBV 1-100 y=0.03832-0.000642 0.995 0.29 0.98
RMT 0.5-50 y=0.02402+0.000732 0.996 0.12 0.41
OST 0.5-50 y=0.02432+0.000556 0.994 0.15 0.48
AMT 0.5-50 y=0.02552+0.0023 0.995 0.14 0.46
ACV 0.5-50 y=0.02432+0.00134 0.998 0.14 0.46
ABOB 0.5-50 y=0.01072+0.00181 0.995 0.15 0.50
OSTA 4-400 y=0.03152-0.000583 0.995 1.1 3.8

y: peak area ratio of the analyte to the internal standard; x: mass concentration, pg/L.
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A HRAERZE (n=6)
Table 4 Recoveries and relative standard deviations

(RSDs) of the target compounds spiked in
softshell turtle samples (n=6)

Compound  Spiked level/( ng/kg)  Recovery/% RSD/%
TCONH, 1 98.6 9.18
2 103 7.21
10 97.9 5.08
3TC 0.2 94.1 9.23
0.4 92.9 5.49
2 95.2 3.21
IMQ 0.25 94.1 9.23
0.5 92.9 5.49
2.5 95.2 3.21
RBV 1 91.7 5.98
2 93.9 6.33
10 95.0 4.62
RMT 0.5 87.2 11.2
1 92.6 6.57
5 93.7 5.72
OST 0.5 90.7 7.50
1 95.2 4.30
5 97.2 3.11
AMT 0.5 90.4 9.20
1 94.6 7.91
5 95.8 6.66
ACV 0.5 95.1 6.88
1 96.1 4.89
5 99.5 7.79
ABOB 0.5 82.5 9.17
1 84.9 6.28
5 83.4 4.58
OSTA 4 88.6 12.1
8 91.2 9.86
40 90.7 6.16

FEl h 82. 5% ~103% , A brifE (w22 (RSD) iy 3. 11%
~12. 1%,
2.7 EERERS

SRR T E T #h 07 K= 3558 67 itk
AR i R 3 HEVRRE SR R B AR, B gy
K 6.02.46.2 F1 302 pg/kg, AN, FIELF5pR &
S dp e AR R R R L S AR A AR 1,2 ,4-
SRME-3- IR R B ik 31.2 pg/kg, SRAIAT
A R I B =5 P B R g A X ARG A
GEWM S 5.76 51,2 F1 312 ng/kg, 5 AT K
48 B — B Rt
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