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Abstract: Non-steroidal anti-inflammatory drugs (NSAIDs) are often used to treat horses’ injuries
and pain due to long-term training and competitions. In equestrian competitions, NSAIDs do not
affect the upper limit of a horse’s athletic ability, but they can enable the horse to perform close

to its maximum capacity by reducing inflammation and pain. This not only affects the competition
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results, but also fails to ensure the health and welfare of the horses. Therefore, it has become crucial
to effectively monitor and control NSAIDs residues during equestrian competition. In this study, a
rapid screening and determination method for 33 NSAIDs in horse urine was established using
QuEChERS pretreatment combined with ultra performance liquid chromatography-tandem mass
spectrometry (QuEChERS-UPLC-MS/MS). The pretreatment process, chromatographic conditions,
and mass spectrometric conditions were also optimized. In brief, the target analytes in 1 mL of horse
urine samples were extracted with 5 mL of acetonitrile. During extraction, 100 mg of NaCl was added
as a salting-out agent, and the mixture was shaken for 3 min. Subsequently, the extract was purified
using a QUEChERS method with 300 mg of anhydrous MgSO,, 40 mg of octadecylsilane-bonded silica
(C,), and 40 mg of primary secondary amine (PSA) as sorbents. After centrifugation, the su-
pernatant was dried under nitrogen and reconstituted. The 33 NSAIDs were separated on an Agilent
Poroshell 120 EC-C,, analytical chromatographic column (100 mmx3.0 mm,2.7 pm) with gradient
elution using (A) 0.1% formic acid aqueous solution and (B) methanol solution as the mobile phases.
The gradient elution program was as follows: 0—1 min, 30%B; 1-3 min, 30%B-60%B; 3-12 min,
60%B-85%B; 12-12.1 min, 85%B-95%B; 12.1-14 min, 95%B; 14-14.1 min, 95%B-30%B; 14.1-17
min, 30%B. Then, the target analytes were determined by UPLC-MS/MS in dynamic multiple reaction
monitoring (dAMRM ) mode with positive/negative ion switching. Quantification was performed using
the matrix-matched external standard method. The results showed that the method can rapidly and
simultaneously determine the 33 NSAIDs in horse urine. The analytes had good linear relationships
within their respective ranges, with correlation coefficients of >0.99. The limits of detection (LODs)
and quantification (LOQs) were 0.1-1.0 pg/L and 0.9-5.4 png/L, respectively. The recoveries of the
33 NSAIDs in horse urine were between 70.8% and 123.8% at three spiked levels of LOQ, 20 png/L
and 200 p.g/L. The relative standard deviations of all targeted compounds ranged from 1.9% to 14.8%.
The method was applied to 10 actual horse urine samples. The results revealed the presence of three
NSAIDs, including ketorolac, lornoxicam and naproxen, with contents ranging from < LOQ to 6.87
prg/L. According to the Equine Prohibited Substances List published by the Federation Equestre
Internationale (FEI), ketorolac and naproxen are controlled medications. They are prohibited for
use during competition period, as they may mask symptoms and aggravate clinical conditions.
However, they are permitted for use during non-competition times. Lornoxicam is a banned sub-
stance and is strictly prohibited for use in horses at any time. The proposed method is simple,
efficient and accurate, and is suitable for the simultaneous determination of the 33 NSAIDs residues
in horse urine samples.

Keywords: QuEChERS; ultra performance liquid chromatography-tandem mass spectrometry
(UPLC-MS/MS) ; non-steroidal anti-inflammatory drugs (NSAIDs); horse urine; residues
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min, 85%B~95%B;12.1~14 min,95%B; 14~14.1 min,
95%B~30%B ; 14.1~17 min,30%B, i : 0.4 mL/min;
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Table 1 Retention times, parent ions, product ions, fragmentors and collision energies of the 33 non-steroidal anti-

inflammatory drugs (NSAIDs)

Compound t/min  Parent ions (m/z) Productions (m/z) Fragmentors/V Collision energies/eV
Fenspiride (5] VT F] ) 1.94 261.2 105.17, 77.1 127 30, 60
Cinchophen (7] 7§) 6.47 250.1 128.0", 116.0 150 40, 40
Piroxicam (It % £ 1) 5.19 332.1 95.1°, 78.1 110 18, 60
Niflumic acid (J& ${ K i2) 9.63 283.1 265.17, 245.1 150 20, 40
Propyphenazone (577 % # H k) 5.19 231.1 56.0", 189.1 150 40, 20
Meclofenamic acid ( F1 & K2 ) 10.77 296.0 278.1, 243.1° 90 11, 30
Salicylamide (7K 1% Bt i ) 3.30 138.0 121.17, 65.0 100 15, 30
Apazone (FTFLN %%) 4.65 301.2 189.2", 145.2 110 26, 56
Ketorolac ([iil% iz ) 5.75 256.1 105.17, 77.1 120 19, 52
Benoxaprofen (75 % 25) 10.36 302.1 256.17, 270.0 150 40, 40
Ketoprofen (fiili&7%) 6.47 255.1 77.1, 209.2" 120 52,11
Tiaprofenic acid (BE3% %1% ) 6.16 261.1 105.1°, 77.0 150 20, 40
Fenbufen (2517 %) 7.18 255.1 237.1, 181.2° 90 7, 26
Acemetacin (i 74 3% 3% ) 9.38 416.1 139.1%, 111.1 120 26, 60
Indomethacin (1536 ) 9.48 358.1 139.1°, 111.1 110 19, 56
Indoibuprofen (W] i 2% ) 5.76 282.1 236.17, 77.1 130 23, 60
Tolfenamic acid ($& K% ) 12.06 262.1 244.17, 209.2 100 15, 30
Diclofenac (X5 5% ) 9.35 296.0 214.17, 215.1 90 38, 19
Rofecoxib (AE%H) 4.50 315.1 269.1, 189.1° 120 23, 60
Celecoxib (ZE& H 1) 8.68 382.1 362.17, 282.1 150 20, 40
Etoricoxib ({&R4L% ) 4.47 359.1 280.17, 279.1 150 40, 40
Oxaprozin (B b5 ) 8.70 294.1 103.2", 276.2 120 34, 15
Etodolac (JKFEJE L) 9.19 288.2 172.27, 143.2 80 11, 45
Carprofen (£%7%) 9.23 274.1 228.1, 193.0" 110 15, 35
Mefenamic acid ( Ff K2 ) 11.27 242.1 224.2", 209.2 100 15, 34
Meloxicam (% # 5 ) 6.33 352.0 115.1°, 73.0 110 19, 60
Deracoxib (4% ) 6.24 398.1 378.17, 283.1 140 30, 41
Suprofen (#Fi%7%) 5.73 261.1 111.1°, 177.2 100 22,19
Eltenac (KRR ) 8.75 302.0 221.1%, 220.1 100 23, 41
Antipyrine (%% Hk) 3.20 189.1 56.0°, 77.1 130 37, 45
Lornoxicam (5 HE) 5.37 372.0 121.1, 78.1° 123 22, 60
Naproxen (%57} ) 6.96 231.1 185.27, 170.2 97 15, 30
Flufenamic acid (5L ) 11.08 282.1, 280.1 264.1, 236.2" 100, 110 11, 19

* Quantitative ion.
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Fig. 1 Effects of (a) extraction solvent, (b) salt, (c) adsorbent and (d) extraction time on the extraction efficiencies of

the 33 NSAIDs (n=3)

S1: acetonitrile; S2: 1% formic acid acetonitrile; S3: ethyl acetate; S4: 1% formic acid ethyl acetate; S5: ethyl acetate-acetonitrile (1:
3, V/V); S6: ethyl acetate-acetonitrile (3:1, V/V); S7: ethyl acetate-acetonitrile-dichloromethane (1:2:1, V/V/V).
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Table 2 Factors and levels for the orthogonal experiment

Level A(Acetonitrile/  B(Anhydrous C(C,/  D(PSA/
mL) MgSO,/mg) mg) mg)
1 3 300 20 30
2 4 400 30 40
3 5 500 40 50

RI3 EXHBREREMESWER

Table 3 Results of orthogonal experiments and range

analysis
Columns Average
No. A B C D recovery/%
1 1 1 1 1 73.2
2 1 2 2 2 77.1
3 1 3 3 3 75.4
4 2 1 2 3 77.0
5 2 2 3 1 76.8
6 2 3 1 2 76.9
7 3 1 3 2 81.0
8 3 2 1 3 77.0
9 3 3 2 1 78.3
K, 225.6 231.3 227.1 228.3
K, 230.7 231.0 232.5 234.9
K, 236.4 230.7 233.4 229.5
k, 75.2 77.1 75.7 76.1
k, 76.9 77.0 77.5 78.3
k, 78.8 76.9 77.8 76.5
R 3.6 0.2 2.1 2.2
Order A>D>C>B

B C

Optimal level A, , 5 D,

M K/MKRIR S A>D>C>Bs X A N ZR Wl K,>K,>
K% B ERZmWA K>K>K ;X C K&y
K>K>K ;% D KR Emh K>K>K, . Hrf A
W H 27 4 NSAIDs s f7E 3 K FsBHE B A
12 4~ NSAIDs i {76 1 KF;C W EHAH 20 4
NSAIDs st 76 3 /K ;D K& HFH 29 4~ NSAIDs
HMEAE 2 Ko 254 LA 43, X 2 SR i Ak B 45 SR
S d R PR 2R S G A R O R PSA
A, B /N R R 2O TG K MgSO, fin A &, Fif b B
o RIS %8 AB,C,D,. Bl 5 mL Z i 42 Bt
J& . it A 300 mg J&/K MgSO, [4:7K ,40 mg C,, Fl 40
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Fig.2 Representative MRM chromatograms of the three NSAIDs in horse urine samples
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Table 4 Coefficients of determination (R?), recoveries, RSDs, LODs, LOQs and matrix effects (MEs) of the 33 NSAIDs in

horse urine (n=6)

Compound R s Paiind LoQ 20 g/l 200 ng/l ME/%
(pg/l) (pg/L) Recovery/%  RSD/%  Recovery/% RSD/%  Recovery/%  RSD/%

Fenspiride 0.9995 0.1 1.1 75.2 7.2 103.5 6.7 92.8 5.9 -84.9
Cinchophen 0.9997 0.1 1.1 96.5 4.3 97.7 7.4 95.6 4.6 -31.8
Piroxicam 0.9983 0.1 1.0 78.2 7.5 99.2 6.8 91.3 5.6 -12.4
Niflumic acid 0.9997 0.5 1.0 98.2 4.9 99.2 7.1 95.6 5.5 -14.1
Propyphenazone 0.9995 0.1 1.1 85.4 7.2 92.3 8.0 88.3 7.6 -13.9
Meclofenamic acid 0.9998 0.5 0.9 76.5 11.7 102.4 6.1 99.0 5.3 -10.7
Salicylamide 0.9994 0.1 5.4 75.3 7.1 87.2 5.4 89.2 5.0 -26.9
Apazone 0.9976 0.1 1.0 71.0 4.5 78.4 7.33 75.9 3.3 14.4
Ketorolac 0.9998 0.1 1.0 107.7 3.2 103.6 8.0 93.8 5.2 -25.2
Benoxaprofen 0.9997 0.1 0.9 91.6 9.9 98.0 6.2 96.6 5.1 -10.6
Ketoprofen 0.9986 0.5 1.1 93.3 13.3 95.4 9.5 92.0 3.4 -5.8
Tiaprofenic Acid 0.9995 0.1 1.0 118.3 6.5 100.2 7.8 90.6 5.6 -14.8
Fenbufen 0.9999 0.5 1.0 116.6 8.8 99.6 8.6 95.2 6.1 -12.7
Acemetacin 0.9994 0.5 1.0 123.8 4.4 100.0 7.2 100.3 6.0 4.77
Indomethacin 0.9997 0.1 4.8 78.3 11.3 102.9 9.3 94.5 5.3 26.9
Indoibuprofen 0.9999 0.5 1.0 93.4 14.8 104.8 6.8 92.4 7.0 31.6
Tolfenamic acid 0.9996 0.5 1.0 76.8 12.9 106.6 7.0 103.1 5.9 -13.3
Diclofenac 0.9998 0.1 1.1 105.3 5.7 101.5 8.1 95.0 3.7 -10.6
Rofecoxib 0.9987 1.0 5.3 80.2 7.1 94.1 10.4 83.1 4.6 -71.6
Celecoxib 0.9999 1.0 5.4 91.6 11.0 101.8 8.6 92.8 7.2 -36.6
Etoricoxib 0.9988 0.1 0.9 101.4 9.5 95.0 8.2 95.5 3.7 -16.7
Oxaprozin 0.9999 0.1 1.0 101.4 4.7 98.1 7.0 94.4 6.5 -5.8
Etodolac 0.9995 0.1 1.1 92.5 5.8 91.7 7.5 91.4 1.9 -2.2
Carprofen 0.9996 0.5 1.1 95.5 14.1 101.4 6.3 92.7 5.9 -14.7
Mefenamic acid 0.9998 0.1 1.1 95.4 10.7 102.5 7.0 101.4 5.9 -17.2
Meloxicam 0.9999 0.1 1.0 116.3 3.7 93.9 6.6 92.0 4.9 -10.4
Deracoxib 0.9997 0.1 0.9 73.1 8.0 97.4 8.6 91.5 4.8 -42.8
Suprofen 0.9999 0.5 1.1 119.4 9.9 99.4 5.7 91.9 5.3 -27.1
Eltenac 0.9997 0.5 1.0 102.6 7.1 98.0 7.6 96.3 4.4 -9.47
Antipyrine 0.9990 0.1 1.0 93.5 5.1 104.3 6.8 96.6 5.0 -20.5
Lornoxicam 0.9998 0.5 5.2 117.4 5.2 104.6 7.8 93.8 5.6 -13.4
Naproxen 0.9997 0.5 1.1 70.8 9.4 98.8 7.1 93.7 5.1 -29.0
Flufenamic acid 0.9965 0.5 5.2 89.8 4.2 93.7 7.2 83.8 6.2 15.7

10 {3 B IR A 6 153 PR AG: 1 1 s 2, v 3 4y
Fam/ATERR, HRIRBAY S &5 MmAE
1.01~1.10 pg/Lo 9 1 5 JRAS H S 1 Bl L & =34 /0
FoE bR . 2 Oy SRS R 28 A, 1 & i
FEER, S —0&EN 6.87 pg/L. W FEI X fi
1) T DG i F51) 3 B vl m g i A 2% 3 A o 2 B
Wy T (52 BR 9 o1 A 76 R o B[R] 9 (— R BRI ) L oA
FUVF R B VAT T, AN o170 7 B DT AR Py ez 0 31 14 47 o

ol A R s B AE WA TR ) o [N D 18 L3R 3
AT, AT RE 2 HE SR AR I E G o 10 3 4R 2 A
TG B S 31 18] SR 4R 19, 1 6 19 F 255 3 25 DT S DR A 3R
JrRE B . SV B AR R (R AR RO A
FUVE X B DU AT 2 i A AR A S VT AR
T2 14 4 J5t w AT A R s SEAE AE H ) o A
9 fn IR AR, BAR T E B R, H R SR
A
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Table 5 Comparison of this method with other methods

Sample pretreat- Matrix Detection Number of Linear range/ LOQ/( pg/l) Ref.
ment method compounds (pg/L)
LLE equine plasma LC-MS 16 5.0-200 1.0-5.0 [50]
SPE equine urine GC-MS 9 25-375 53.0-267.2 [26]
MSB-LPME human serum LC-MS 4 - 0.83-3.16 [51]
SPMTE human urine LC-UV 4 10-10000 11-31 [52]
wSPE whole blood LC-UV 3 50-2000 50-75 [53]
MISPE equine plasma LC-UV 7 80-250000 10-80 [54]
QuEChERS equine urine LC-MS 33 0.9-220 0.9-5.4 this study

LLE: liquid-liquid extraction; SPE: solid phase extraction; MSB-LPME: magnetic solvent bar liquid-phase microextraction;

SPMTE: solid phase membrane tip extraction; wSPE: micro solid phase extraction; MISPE: molecular imprinted solid phase extrac-

tion; UV: ultraviolet.

Fx6 10BSRHEBMENER (n=3)

Table 6 Test results of the 10 horse urine samples (n=3)

Sample  Place of NSAID residues/( pg/L)

No. birth Ketorolac  Lornoxicam  Naproxen
1 Belgium 1.05 <LOQ 6.87
2 Holland 1.10 <LOQ -

3 Belgium <LOQ <LOQ -

4 Belgium <LOQ <LOQ -

5 Germany 1.01 <LOQ -

6 Holland - <LOQ -

7 Belgium - - <LOQ
8 Belgium <LOQ <LOQ -

9 Belgium - <LOQ -
10 Belgium - <LOQ -

3 &g

A SCLLE R A 5E £, Al ] QUEChERS Hj

b B AR 4 & UPLC-MS/MS, ## 57 1 Al & )R v 33
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