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Rapid determination of atropine and procaine residues in pork by high
performance liquid chromatography-high resolution
mass spectrometry
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ABSTRACT: Objective To establish an analytical method for determination of atropine and procaine residues in
pork by high performance liquid chromatography-high resolution mass spectrometry. Methods The samples were
extracted with acetonitrile, purified by a mobile adsorption purification column, and the compounds were separated
on a high performance liquid chromatography C,;g column, analyzed and determined by high-resolution mass
spectrometry, detected quantitatively in parallel reaction monitoring mode, and quantified by external standard
method. Results The retention times of atropine and procaine were 5 and 4 min, respectively. The linear
relationships were good within the range of 0.1-5.0 pg/kg. The intra-assay and inter-assay precision were less than
20%, the recoveries were stable within the range of 85%-105%, and the limits of quantification were 0.1 ug/kg.
Conclusion This method is sensitive, rapid and accurate, and can be used to monitor the residues of 2 kinds of
drugs in pork, which can provide efficient technical support for the quality and safety assurance of livestock products.
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KERARUIU R TR s VAT N

BT, TR0 Sl PR £ S b B A R R
5% B kA 9 3 AT T 0RO €5 1% 5 (high performance
liquid chromatography, HPLC)P !0 A AH a3 - 5 i 1 (gas
chromatography-mass spectrometry, GC-MS)“”*W&*E@%Z-
54 Bk 5T 3% 2 (liquid  chromatography-tandem mass spectro
metry, LC-MS)!"* 7 Aiff 55 & T 1 OB (0 1 -85 43 o
i% ¥ (high performance liquid
resolution mass spectrometry, HPLC-HRMS) = 7 5 Al

chromatography-high
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1.1 4. KSR

QE WAH -5 2 BEBT IS AU (32 E Thermo Fisher
Scientific 23 A]); Sigma 3K30 B5.0HL(TE E PE#% /A F]); MS8

WHEI . KS PR %% (T E IKA 2\ wl); VISIPREP 24™ DL [#]
AHZETRUAT AL 3026 B (35 B AR RHA F); MVS (Sl i A Tk 4

L (EEEBEAAZER A ), LINKBLOW A/ KRS ( 4
BHEARAT).

ZIEOYHrat, 18 Merck /A w]); ZME(EIEAl, #a
ARG BR AT, HERGHT2l, £E Fisher A F);
368 ok 2 AR AT (EMR-lipid, 60 mg/3 mL, 28 E4CHE S
A)); SEg KR L E N A .

FRUED T PGSR (AERE 99.5%) . EhFER AR IR (4h B
99.8%)(#[H LGC A ).

1.2 #&EKIE

o PRE S PR IR VLA B 7 i I s A B0 3
1.3 aREHl

HUBATFE iy F1ER R 365 DI IR AR 4529 10 mg, AHHFR
T, FIFEEIK(50:50, V:V)Esf, il 100 pg/mL BIARHERE
W, T—20 °CIRAE

ik 25 2k HCBHT ot AR R DR A B VA e, 8
JK(50:50, V- R e, 45 10 ng/mL AIFRIEIR & TAEWR
1.4 H@ATIE

FRIRZ S R PIRE RS 2 ¢ T 50 mL 85045, mA
10 mL 255, PE¥HEH 30 min, &AE RO, BIEHR
4 mL 4=3Bi8 3 EMR-Lipid e fbkE, IEERILR, %R
Hfy 2.0 mL B, £ TR T (50 °CKM),
1.0 mL ¥ G s A, AE A Ao o .
1.5 RHEEIE-FRIEEY
1.5.1 &g&Ht

E3ERE: 25EE Poroshell 120 EC-Cjg #1:(2.1 mmx
100 mm, 1.9 pm). #shtl A: 2B 0.1%HR), sl
B: 0.1%H &, BEREEVERL AL 1, Jik: 0.25 mL/min, 4
i&: 30 °C, #EFfEHE: 25 uL.

F=1 BERBREYS

Table 1 Procedure of gradient elution

EJBE AT 1) /min WS B/% T A%
0 85 15
5.5 25 75
5.7 85 15
8 85 15

152 J&rt

JT 3 4 R A AT S B W (parallel  reaction
monitoring, PRM)BZ 21 RS H: Wi%5 [k 4500 V;
AL 50 units; SIS 20 units; B AR 350 °C;
BN AR : 400 °C; ZrH: 35000, 13 i (5 FAAS 1F
WIE, MIEARNGERTE 7 d W B ARHEEFEF
AR B = AR 2.
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Table 2 Qualitative and quantitative ion information of atropine and procaine
B BT FHT
Hirfb &9 {4 B BiF 7] /min EE RE R/ eV
N JAif H (m/z) N K B
BT FE [M+H]" 290.2 CgH 4 N* 124.11208 5.0 40
- | [M+H]" 237.2 CeH4N* 100.11208 4.0 25

1.6 FIEFWIE

2o MR 23 UM AR Sl il TR 5 58 0 2 Mg o i
FAZS VR RRE S il 85— RAVHR BE I RE i, R S AT AL 3
PR vk i 26 M 3 B A 2 B (limit of quantitation, LOQ),
li] 25 (1R b PR AR (0.1 pg/kg) o (0.2 peg/ke) .
(1.0 pg/kg) 3 MREERT HARY), I FIRAIE 200, KPP
PAURE %85 FERIE TR % B8, 38 e 0P I A58 55 SE BRI A e
], IR ECE

2 HEREHHR

2.1 MENETFHEE

SEAT BN M 8 — KA FAJRAE B AR HE 1] i 5= I 2
[ BE AT LAERAS: B AR i 78 T 3, i B2 & A
R RTEAEENEE AR, PR AEE R EF
BEFaRfEmE 1 foR, By EFEFRHBE D,
PEPEFRERIRAY m/z 124.11208 1 m/z 100.11208 /E A% H
HE T B, [, A T8 0T DAVE A 1 W
K H -

22 BICETIARIES

W JUAE, 38 2 v Ab il A 5 24 5k B R B A B Y
. HEEAR, R P R . BRI EL S
I A 2 CEURL I B A2 R T W R85 45 T 3 B 7 1 AR A5 B
¥ b, Bbrfb G Wi ok FEAE AR B (R B A SR B P, i
MR EFAL E . 25 FERIBTHE G RS AR
STACEY, S5A SR, AW g deik e nd g ik
FENRE AT . SEBRERM, MERE&bE, Wl
AMETF 60%, [FIAT, 82 ib ik fifh T A S b B
T, BRSO EET RN 30 min 458 E 3 min, KK
TSR, kA R T Hean gk 3 TR,

23 FHEFIIIELER
231 £BEM%

AR EREEE 2 FiR, EESINEE R
TR 0.2 pg/ke) RIS E ILIE 3, 25 U A B3R T
K th, W REMLEERY 4.0 min, BUFE5 AR &
[f]2 5.0 min, —F (BB MIBRIER T 3 500 F, HE
TREVETE XTRR, BB T LR

232 ARl KRR KT E

P8 AR TR, A RO N2 (R
b, S B AR RN 0.1,0.2.0.5.1.0,2.0,5.0 pg/kg
FIARHE I 2R b, ZFEMATALBER LC-HRMS W5E, 4331
PIAb A 0 e R A AR, DA AE i B U TR AR AR,
25 AR 2k o BT AR R TRIAE 0.1~5.0 pg/kg Y A,
AR R [BTHE A A R E R AN
Y=-45966+2364040X, FHCFREL 0.9966, L&~ K [B]IH Jr
FE(RCE R 1/ N Y=-88051+282440X, # X 7 %K
0.9914]. ZIEREME L MEIIESN K, AT kS, H
Wb &P E RN 0.1 ng/kge
233 WHEBEELOKF

125 IR ARE AL AR SIS N 1 AF LOQUIRHE ) . 2 i
LOQ(H¥E D) 10 £ LOQ(Rr ¥R BD)RY BAr®), F HfEf4
WEEACE AT S IRFPATEEE, FE5 3 d, AR,
W5 e, I A A X AR U R 25 (relative  standard
deviation, RSD)PEMHt P FIALIAIRG % 88, 450 L& 4, Hit
W RSB R/ NT 20%, EICREEELE 85%~105%2
[F], 652558 B A B i I AR
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TTIRAE B 7 SRR A B R O AE 2018 45 B XU HE
AR, XF 100 ANMER L AR REES T TR, o 1
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WIS PPAG h, XF 100 AN RS AT TR, b 2 44
G BTHE A, SRR 0.13 F10.16 ug/kg, [RINE, 7EA0
Ty — 2K B8 S U T R A R K 4 5 S5 R [GB/T
9695.15—2008 { P15 Al it K 23 S sl g ) (BT 1))
TG R, #5208 GB 18394—2011 { & B /K4 BRE ) Hi
SE, FREEH 0.16 pg/kg MFE SR K20 (78.1%) bR (BR #AH <
T7%), 5% RN 0.13 pg/kg MIFESL K3 (76.3%) SRR, %5
Fi BRI ST 9 GB 18394—2020¢ 3 & /KA BR i ) )22,
B2 AR R K 53 #0E S Ar o A R (PR E < 76.0%) o

3 4 1

BT HE 7 TR 1A PP BT S A R kB 1 OR
R - 0 A SR P M o e, T Dl . R, &
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Fig.l1 Full scan of the daughter ions of atropine and procaine
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Table 3 Comparison of analytical methods for atropine residues
SCHk Hiry HIAbEL T el LR LOQ S b it
9 ATP PRSI, 1F C ke i i HPLC 0.002~0.02 mg/mL 2 mg/kg G
10 ATP B, HLB ¥+t HPLC 0.5~20 pg/mL 0.5 mg/kg G
11 ATP FR Pk I, 2Tk A GC-MS 0~100 ng 20 ng A
KH,PO, F R -2 1 (4:1,
12 ATP LC-MS/MS 0.10~5.0 ng/mL 1.5 ng/k ¥
ViV B e neke
ZE-0.1%H R (90:10, V:V)
13 ATP LC-MS/MS 0.2~10 pg/k 0.5 ng/k T
2T, PEP-2 ¥k, neke neke
14 ATP % CHEHEHL, 1EC ket LC-MS/MS 0.5~20 ng/mL 0.072 pg/kg ¥
e 0.1 mol/L BERREE % vh i 4R
1 ATP. PRC LC-MS/M 25~ L 2.0 pg/k
5 % HL. HLB M, C-MS/MS 0.25~50 ng/ 0 pg/kg B
KH,PO, 22 1P R Y, .
ATP, PRC % - 5~ .
16 &3 MCX i LC-MS/MS 0.5~50 pg/kg 0.5 ng/kg T
17 ATP, PRC % T 3 A I LC-HRMS 0.5~5.0 ng/mL 0.5 pg/kg ¥
AL ATP. PRC ZNEHEE, EMR-Lipid ¥+t LC-HRMS 0.1~5.0 pg/kg 0.1 ng/kg B
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E 2 E
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0
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{RE3B 1)/ min o 2 3 4 3 6 7 8
88 b 8] /min
B2 25 5 I e B3 BHE IR € # 0.2 pg/ke)
Fig.2 Chromatogram of blank pork Fig.3 Chromatograms of positive additions (0.2 pg/kg)
x4 BERPAERNZEFENREWEMEEE
Table 4 Recoveries and precisions of atropine and procaine in pork
H ARE#E RSD/% H [R5 %5 RSD/% 4 /%
Bk B S
0.1 pg/kg 0.2 ug/kg 1.0 pg/kg 0.1 ug’kg 0.2 pg/kg 1.0 pg/kg 0.1 ug’lkg 0.2 pg/kg 1.0 pg/kg
ATP 13.1 6.5 3.7 16.9 12.2 9.9 89.3 92.5 90.6
PRC 9.2 8.8 5.0 15.8 11.7 8.2 87.6 89.8 102.3
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