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Abstract: Because of the widespread application of anesthetic drugs in the fields of animal

breeding and transportation, demand for the rapid, sensitive detection of anesthetic drugs in
animal meat is increasing. The complex animal meat matrix contains various interfering sub-
stances, such as proteins, fats, and phospholipids, along with anesthetic drug residues at very
low concentrations. Therefore, adopting appropriate pretreatment methods is necessary to im-
prove the sensitivity of detection. In this study, a rapid, accurate analytical method based on
ultra-performance liquid chromatography-tandem mass spectrometry ( UPLC-MS/MS) and solid
phase extraction (SPE) was established to determine the contents of 18 caines in animal meat.
The MS parameters, such as the collision energies of 18 caines, were optimized. Furthermore,
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the chromatographic separation conditions and response intensities of the caine in different mo-
bile phases were compared. The effects of different pretreatment conditions on the extraction
efficiencies of the 18 caines in meat samples and those of different purification conditions, such
as extraction solvent, SPE column, and dimethylsulfoxide ( DMSO) dosage, on their recoveries
were investigated. Combined with the external standard method, the 18 caines in meat were
successfully quantified. Sample pretreatment is a three-step process. First, in ultrasound-assis-
ted extraction, 2.0 g samples were added to 2.0 mL water and extracted using 10 mL 0. 1%
(v/v) formic acid in acetonitrile under ultrasound conditions for 10 min. SPE was then per-
formed using an Oasis PRIME HLB column. Finally, DMSO-assisted concentration was em-
ployed: the organic layer was collected and dried at 40 C under a stream of N, gas with the ad-
dition of 100 wL DMSO. Acetonitrile-water (1:9, v/v) was added to the residue to yield a final
volume of 1. 0 mL for use in UPLC-MS/MS. The 18 caines were separated using an HSS T, (100
mmx2. 1 mm, 1.8 pm) column with 0.1% (v/v) formic acid in water ( containing 0. 02
mmol/L ammonium acetate) and methanol as mobile phases. Samples were detected using an
electrospray ion source ( ESI) in the positive ion and multiple reaction monitoring ( MRM )
modes during UPLC-MS/MS. Under the optimized conditions, the 18 target caine anesthetics
displayed good linearities in the range of 1. 00-50. 0 wg/L, and the correlation coefficients (R*)
were >0. 999. The respective limits of detection (LODs) and quantification (LOQs) were 0. 2-
0.5 pg/kg, and 0. 6-1. 5 pg/kg. In pork, beef, and mutton samples, the recoveries obtained at
three spiked levels were 83.4% —100. 4% with relative standard deviations ( RSDs) of 3. 1% -
8.5%. This simple, rapid, sensitive method may be applied in the detection of 18 caine anes-
thetics in animal meat and may provide technical support to the food safety department in China
in monitoring the residues of caine anesthetics in animal meat.

Key words: solid phase extraction ( SPE) ; ultra-performance liquid chromatography-tandem
mass spectrometry ( UPLC-MS/MS) ; caine anesthetics; animal meat

AW A AR AR - R SO €0 - RO BT 0 7 7 A TR 18 b TR SRR 5 - 435 -

AL A W B A R S b R R 2 AR
FHU2) BRI o B P | 2 S ik ) J 2 E I R
NI R Tz B BRI, Aok, — LB SR P TR R
HEZ AR LY A SR oy, f HL e AR
PR, B R KA, N s i A7 — 4k
TR i ik v, i IS 25 W LAl /D 3l 40 g vk
FNE, BB T3 T ARAS T s 2 A . Horp
BB = RE L G e s iz T s ikiz
BTk, Rt 2 R n K | 3 M — e v
)3 A SRR 1), AEL AT T4 A IR ], 5 1 PR A 245 1
R 21 K, HHLRE B R AR B PR & (maximum residue
limit, MRL) & 1 mg/kg"*'; & KBRERZG 1N 5

KU MR E R 2GR 21 KO BFsE R, R
SR LA rp oAb 28 8 1 DL B0 I 5 BT
HERTIRHIZEE Y, B2 2 it B Y Bk
AR XF AT 18 A i R s o — e 1 . R
GB 31650-2009 trifE( £ b % 4 E Zhn e &5 E
YR KA B R ) R A A A A S PR
A R L P 1 i 22 4 A T o o DA R W X
U, S — i R B 2 P e 22 i R 2SRRI A
PRk R | RO ST O B T RIS

H R~ 2R 259 T 322X 1 bt
T2 1187 T = 9 T i A (S L RO O

SIRARST : AW, BREHSEIE G, T e, BRER, M B, XSGR, IR e I, B AR A 0 Al 1o S8R (5 3i- B 6 B i i M 52 7

PR 18 Bl BRI RRBET. (418 ,2023,41(5) :434-442.

WU Shaoming, OUYANG Liqun, MENG Peng, HE Menghang, LIN Qin, CHEN Yankai, LIU Wenjing, SU Xiaoming, DAI Ming. De-
termination of 18 caine anesthetics in animal meat using solid phase extraction combined with ultra-performance liquid chromatog-

raphy-tandem mass spectrometry. Chinese Journal of Chromatography,2023,41(5) :434-442.



- 436 - 1,

i Fa41E

A e dE AR I O YR A R RO A i
PRI =10 1% £ R 1073 )£ - SN W/ £ i)
- B @SR S b R A
sk REUEAL, HA S 28 T, S80e ke & A~
HER  SAH - B E AL B R A 2%, OR MG &
T O FIREAEAE 5 32 T 3055 [ L 5 T AH €635 £
W O 1 LA e ) RO SR P TR T DL &
R A RTAL B 5, © B0 H AT A ATl
TR 7, EA MRS R AT AL
TR A EAHZE AR AR A e, K2R H
HLB [EAHEE B, e il i i 5 75 2205 1k . BRE ik
e RS A B, T4k, Oasis PRIME HLB /)
R TR BA 2o i i A i | 4 2R g Ts AL ik
Ve VAT AT A SRR T BERE S, AR
2 5% R A T R AR B T T B SR TR

AW 5% R FH R = A5V R € - R I O G Tk
(UPLC-MS/MS) , 454 Oasis PRIME HLB [ £ #£
B  #ESr T & N 18 il DI 28 BRI 50 2
Beo Z LR R R, R R W R RORS %
I ST E RS -REZE SR E

1 SEIGERS

1.1 (EFE5EF

1290 i & S0 1535 (L HER A W) ) ; AB SCI-
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JT-C 2 Re by i HL (R W) 4 23 7] )  DS-8510 DTH
AR A (LI R A S A PR AR ) s MS 3
basic g ) %% (IKA /A ) ; Oasis PRIME HLB
[ AHZE B (3 mL/60 mg, Waters 23 A )

e P (procain, CAS 5.59-46-1) &
[ % ( procainamide, CAS 5 :51-06-9) . & i &
( chloroprocaine, CAS 5 .3858-89-7) . Fl|Z KA
(lidocaine, CAS 5. 137-58-6) . N X < A ( prilo-
caine, CAS 5 .721-50-6) . =K [H (MS-222, CAS
5. 886-86-2) . & Wk + [ ( ropivacaine, CAS 5.
84057-95-4) . 7] + [A ( cocaine, CAS 5 .50-36-2) .
i bt A ( bupivacaine, CAS 5:2180-92-9) i il
A (butacaine, CAS 5:149-16-6) . T 1 [H (tetra-
caine, CAS 5 .94-24-6) . 2K M+ [A ( benzocaine,
CAS 5:94-09-7) ¥ K X ( pramoxine, CAS 5.
637-58-1) .= 1] Al ( cinchocaine, CAS 5 . 85-79-

0) JF]Z& KA (raythesin, CAS 5:94-12-2) [a] 2 Hk
K H 2 ( 3-aminobenzoic acid, CAS 5 :99-05-8) .
Y 2 F 7K H 1% (4-aminobenzoic acid, CAS 5 :150-
13-0) X} 2 1k 2 Jk 2K H iR ( p-acetylamino benzoic
acid, CAS *5:556-08-1) FAARIEE T (1575 0 B )
Wy 19 R e ] 7R B 20 ) Jo B Vi B 1 R 100 mg/L; H
TR 2N (34l Merck 23 #)) , — FIEAR ( DM-
SO, srtfral, 258141 ) 5 B FH K 381k Jed e TR ZR AR K
1.2 HABE

Bl 7 N2 L LR B, T - 18 C VKA
TRAE A ARG HERRFRIBURE 5 2.0 g, LA 2 mL
KA 10 mL 0. 1% (v/v) IR 2N, iRiE)s , #
PRI 10 min, ITA 1 g SALERH KR IESS , LA
4500 r/min &5.0» 2 min, 7B E)Z 3 5.0 mL £
Oasis PRIME HLB /)M 4k, Wi 45 4350 3t i, 78
WA 100 pL DMSO f5, T 40 T/KBHA
WZ T, 5% ] 1. 00 mL ZiE-/K (1:9, v/v) I
2,1t 0.22 pm JEREE EALIE
1.3 fRERER IR ETERRIE S

T % B PR Y 3 W (5T i R BE 240l 100
mg/L)1.00 mL £ 100 mL A&, UHEESE
ZVEE  FEA) WO s B W B 344 1,00 mg/L (IR
GhRUET I, e AR AR, T-18 CIRAF, 5K
WA LA A o0 HERR WBOR & bR iE P [ 10
20.50.100,200.500 pL F 6 4~ 10 mL &5+, i
il T R 1..00,2..00,5. 00,10 0,20. 0.,50. 0
ng/L bR IE RS TR
14 BiE-RigEe
141 it

{6 3% H: . UPLC HSS T, # (100 mmx2. I mm,
1.8 um, Waters 2~ F]) 3 Ji sl AH . KA (A) 2 0. 1%
(v/v) R KE W (& 0.02 mmol/L Z1R%k) , AL
AH(B) My F B i 84 0. 3 mL/min; #1435 C;
PEREE 2 L BB DR ¥ .0~ 7 min, 5% B ~
30%B; 7~ 11 min, 30% B ~80% B; 11 ~ 12 min,

’

80%B; 12.0~12.1 min, 80% B~5% B; 12.1~ 14

min, 5% B,
1.4.2 i &

HL I 25 125 -5 (EST) - 1F 8 B 2 00
Wi (MRM ) 5 2 F 4 HL B (IS) . 5500 V; ZE 4R
(Gas 1) £ 7J7: 3790 kPa(55 psi) ;5B < (Gas 2)
JE 7. 3790 kPa (55 psi); K. %5 A (CUR) JE J1:
2070 kPa (30 psi) ; & FIHIEE (TEM) : 550 C ;&
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Table 1 MS parameters of the 18 caine compounds

SRR 1,

No. Analyte .Precursor . Product DP/ CE/
ion (m/z) ion (m/z) \% eV
1 3-aminobenzoic 138.1 77.0" 85 29
acid 65.1 85 34
2 4-aminobenzoic 138.1 77.1° 60 30
acid 65.1 60 19
3 procain 237.2 120.0" 40 20
100.0 40 10
4 procainamide 236.1 163.1° 45 10
120.2 45 10
5  p-acetylamino 180.1 94.1" 70 24
benzoic acid 138.1 70 19
6 chloroprocaine 271.2 100.1 " 46 22
154.2 46 42
7 lidocaine 235.2 86.1° 40 23
58.2 40 53
8 prilocaine 221.2 86.1" 40 20
136.1 40 27
9 MS-222 166.1 138.1° 60 22
94.0 60 30
10 ropivacaine 275.1 126.2° 60 27
84.1 60 60
11 cocaine 304.2 182.1" 75 27
150.2 75 34
12 bupivacaine 289.1 140.1" 60 28
98.0 60 54
13 butacaine 306.2 178.1" 78 15
120.1 78 15
14 tetracaine 265.2 176.2" 57 22
72.1 57 40
15  benzocaine 166.1 138.1° 60 18
94.0 60 24
16 pramoxine 294.2 100.2°* 100 24
128.1 100 29
17 cinchocaine 344.2 271.3" 75 30
215.1 75 41
18  raythesin 180.1 120.0* 50 28
94.1 50 24

#* Quantitative ion; DP. declustering potential; CE. colli-
sion energy.
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AR, o] AR e Ik, 4R 0. 1%
(v/v) R KR (£ 0. 02 mmol/L 214k ) - F i
YERF A, 18 P L AWM s iR E WA 1,
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Fig. 1 Total ion current chromatogram of
the 18 compounds (20 pg/L)
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i g X E5 R, 25 R UL 3,
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A IRl SR 2 7 80. 9% ~ 98. 8% 1], LAk, Xf L T
K H 3 Al g5 TR B B I I ) SR A
THei5 0L, 8 ] PRIME HLB /ME: Ir 75 14 648 T 1%
Z=UETE /L 1B PRIME HLB /NEE [ T 5 47 i 0%
B2 T, X AR A OR FE BT 55, I, e R e B
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100 1 =3 Methanol 271 0.1%F A-methanol 3 Acetonitrile 273 0.1%F A-acetonitrile {}
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Fig. 2 Recoveries of the 18 compounds using different extraction solvents (n=3)
FA. formic acid.



AW A AR AR - R SO €0 - RO BT 0 7 7 A TR 18 b TR SRR 5 - 439 -

[ — Y

] 2
100 PRIME HLB

3 HLB

60

Recovery / %

40 ]

20

Z
80—2;} 7 7 7 T £l =

W o8 e gl el e 0 e
. 2 N W s e » AW S\ W AW S\ A\
e“’Lo\ :f PACRR SRt 7,0\‘?% Q(ocﬁ \(300a 0O\ L 9‘ qac® CoCa qa@ B“xac"’ emﬁag 1O

. a0 (O \)e“
A A e‘z‘J o0 O
p’

ne

W S\
P et o

E 3 FAARE SPE /INER 18 FL &MHIEKZ (n=3)

Fig. 3 Recoveries of the 18 compounds using different SPE columns (n=3)
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Fig. 4 Matrix effects (MEs) of the 18 compounds
in three matrices
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g/ kg AR GRS, DL 3 A5 (E WL R 10 1%1;‘“5@ 54
B K H FR (LOD ) FE &R (LOQ) . 18 Fifk &4
FEAFZE T ARG BR 4 0.2~0. 5 ng/kg |, & bR
M 0.6 ~1.5 ug/kg (W& 2), HAK T SCHk
[11,16,25,31 4,

242 EWE HEEMREKE

Sl DLz FRE R A R R R O

2.00.5.00.20.0 ng/kg E’JJJMTIELI&UEEB\A,/\ﬁMT
TKPPATIRSS 6 U, THE2S B IR [RS8 AR X
PR ZE (RSD) , 45 551 F 3 3, 18 Fi k&4 1y
PIWEN 83. 4% ~100. 4% ,RSD Jy 3. 1% ~8. 5% ,
VERAIZ O 1 LA 0 (0 B B S5 9% T &2 GBY/
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Table 2 Linear equations, correlation coefficients (R?), limits of detection (LODs) and limits of quantification (LOQs)
of the 18 caine compounds

No. Analyte Linear equation R? LOD/ ( ng/kg) LOQ/ (ng/kg)
1 3-aminobenzoic acid Y=6.7074x10*X+1.6754x10* 0.9997 0.2 0.6
2 4-aminobenzoic acid Y=6.3861x10*X-8.6598x10° 0.9998 0.3 0.8
3 procain Y=3.5157x10*X+3.8672x10* 0.9996 0.5 1.5
4 procainamide Y=8.2482x10°X-4.8663x10° 0.9992 0.3 1.5
5 p-acetylamino benzoic acid Y=2.0113x10*X-1.6876x10* 0.9998 0.4 1.3
6 chloroprocaine Y=1.0525x10°X+7.8088x 10* 0.9993 0.5 1.5
7 lidocaine ¥Y=2.0933x10°X+4.4610x10° 0.9991 0.3 0.8
8 prilocaine Y=6.8383x10*X+2.7559x10* 0.9993 0.4 1.2
9 MS-222 Y=1.2682x10°X+1.6784x10° 0.9995 0.5 1.5

10 ropivacaine Y=6.9264x10*X+2.8027x10* 0.9999 0.2 0.7

11 cocaine Y=1.2682x10°X+1.6754x10° 0.9995 0.4 1.2

12 bupivacaine Y=1.2092x10°X+1.3534x10° 0.9992 0.3 1.0

13 butacaine Y=1.0196x10°X+3.3250x10° 0.9993 0.3 0.8

14 tetracaine Y=1.8602x10°X+4.1724x103 0.9991 0.2 0.6

15 benzocaine Y=5.7538x10*X+7.9864x10* 0.9996 0.3 0.8

16 pramoxine Y=2.9247x10*X+2.6919x10* 0.9995 0.5 1.5

17 cinchocaine Y=4.9368x10*X+2.7170x 10* 0.9994 0.5 1.5

18 raythesin Y=1.0572x10*X+4.5010x10° 0.9995 0.4 1.0

Y. peak area; X: mass concentration, png/L; linear range; 1. 00-50.0 png/L.

£33 FRAERP BHFRALUEYHEKERSHEEE (n=06)

Table 3 Recoveries and precisions of the 18 caine compounds in different matrices (n=6)

Spiked/ Pork Beef Mutton
Analyte (pg/kg) Recovery/% RSD/% Recovery/% RSD/% Recovery/% RSD/%
3-Aminobenzoic acid 2.00 91.5 5.8 88.7 4.4 83.4 5.6
5.00 92.3 3.9 90.9 6.3 93.0 4.3
20.0 88.6 4.6 91.2 4.3 93.8 6.2
4-Aminobenzoic acid 2.00 96.9 4.3 95.5 5.0 90.0 4.2
5.00 94.6 4.3 90.5 4.6 98.5 4.9
20.0 90.5 4.6 89.2 4.6 96.1 4.6
Procain 2.00 93.7 5.8 95.6 5.0 91.9 4.6
5.00 90.0 6.0 88.6 6.3 95.2 4.9
20.0 94.4 4.4 93.0 6.6 91.4 6.2
Procainamide 2.00 92.6 6.8 91.2 4.8 95.9 6.5
5.00 85.6 6.5 89.8 7.4 94.1 4.7
20.0 89.5 5.4 88.2 7.1 87.0 7.3
p-Acetylamino benzoic acid 2.00 89.6 4.0 88.3 5.9 90.9 7.0
5.00 93.5 5.2 92.1 4.4 91.0 5.8
20.0 96.7 6.5 95.3 5.6 95.0 4.3
Chloroprocaine 2.00 88.9 6.3 89.7 7.1 98.3 5.5
5.00 93.0 5.3 91.6 6.8 90.3 7.0
20.0 87.9 6.5 86.6 5.7 94.5 6.7
Lidocaine 2.00 91.2 6.8 92.5 7.1 89.3 5.6
5.00 96.3 4.8 94.9 7.4 92.7 7.0
20.0 92.5 3.1 91.1 5.2 97.8 7.3
Prilocaine 2.00 88.6 4.0 87.6 3.4 94.0 5.2
5.00 95.3 5.4 93.9 4.4 90.0 3.4
20.0 97.8 5.5 89.9 5.9 96.9 4.3
MS-222 2.00 92.6 4.6 91.2 6.0 99.3 5.8
5.00 97.6 3.1 93.6 5.0 94.1 5.9

20.0 93.6 7.5 92.2 3.4 99.2 4.9
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Table 3 (Continued)
Pork Beef Mutton
Analyte Spiked/ ( ng/kg)
Recovery/% RSD/% Recovery/% RSD/% Recovery/% RSD/%
Ropivacaine 2.00 95.5 6.0 85.4 8.2 95.1 3.4
5.00 94.7 6.6 93.3 6.6 97.1 8.1
20.0 98.3 5.2 95.8 7.2 96.2 6.5
Cocaine 2.00 91.0 4.6 89.6 5.6 99.8 7.1
5.00 88.9 5.8 97.7 5.0 92.4 5.5
20.0 94.7 7.2 93.3 6.3 90.3 4.9
Bupivacaine 2.00 88.9 6.6 87.6 7.8 96.2 6.2
5.00 91.2 6.8 98.5 7.2 90.3 7.7
20.0 93.6 6.5 92.2 7.4 92.7 7.1
Butacaine 2.00 98.7 5.5 87.9 7.1 95.1 7.3
5.00 95.5 6.2 94.1 6.0 100.3 7.0
20.0 91.1 4.9 89.8 6.7 97.0 5.9
Tetracaine 2.00 97.7 6.8 96.3 5.4 92.6 6.6
5.00 93.3 4.3 96.6 7.4 99.3 5.3
20.0 92.4 5.2 91.0 4.6 94.8 7.3
Benzocaine 2.00 86.6 5.7 89.9 5.6 93.9 4.6
5.00 88.9 7.6 91.5 6.2 88.0 5.5
20.0 92.3 5.9 90.9 8.3 90.3 6.1
Pramoxine 2.00 95.6 6.5 98.9 6.4 93.8 8.2
5.00 94.7 4.8 93.3 7.1 97.2 6.3
20.0 98.3 6.0 96.8 5.2 96.2 7.0
Cinchocaine 2.00 38.8 4.3 87.4 6.6 99.8 5.2
5.00 90.6 7.3 95.6 4.6 90.2 6.5
20.0 91.3 8.0 89.9 7.9 92.0 4.6
Raythesin 2.00 98.8 6.5 94.6 8.7 92.7 7.8
5.00 93.9 7.2 92.5 7.1 100.4 8.5
20.0 94.4 3.1 93.0 7.8 95.4 7.0
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Table 4 Comparison of the proposed method with those reported methods for the determination of caine anesthetics

Analytical

Preparation

Preparation

V( Organic

LODs/

Samples Analytes methods methods time/min solvent ) /mL (ng/kg) Ref.
Fish and shrimp three caines HPLC-UV DSPE >30 10 11-43 [11]
Aquatic products six caines HPLC-UV QuEChERS-SPE >30 45 60 [16]
Aquatic products tricaine GC-MS/MS SPE >60 36 2 [25]
Aquatic products tricaine and benzocaine LC-MS/MS SPE >30 20 0.25 [28]
Aquatic products six caines LC-MS/MS SPE >30 10 1.5-6.0 [31]
Fish five caines LC-MS/MS QuEChERS 23 10 0.3 [32]
Meat 18 caines LC-MS/MS pass-through SPE 23 10 0.2-0.5  this work

DSPE. dispersive solid phase extraction.
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