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Determination of 32 kinds of nervous system drugs in animal-derived foods
by ultra performance liquid chromatography-tandem mass spectrometry
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Nanchang 330000, China)

ABSTRACT: Objective To establish a method for simultaneous determination of 32 kinds of nervous system
drugs in the animal-derived foods of livestock and poultry by ultra performance liquid chromatography tandem mass
spectrometry. Methods The samples were enzymolized by pf-glucuronidase/aryl sulfatase, extracted by acid
acetonitrile, purified by PRIME HLB, confirmed by ultra performance liquid chromatography-tandem mass
spectrometry using cetonitrile+0.1% formic acid water as mobile phase, and quantified by external standard method.
Results The limit of detection of fS-agonists was 0.2 pg/kg; the limit of detection of stimulants and sedatives was

0.5 pg/kg; the limit of detection of anesthetics was 1.0 pg/kg. The linear relationships between 32 kinds of drugs in
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the muscle matrix were good, with correlation coefficients all greater than or equal to 0.9916, and the recovery rates

were 61%—106% with relative standard deviations of 1.5%-8.7%. The linear relationships between 32 kinds of drugs

in the liver matrix were all greater than or equal to 0.9914, the recovery rates were 60%—110% with the relative

standard deviations of 1.3%-9.6%. Conclusion This method has the advantages of detecting a variety of drugs, low

limit of detection, good stability, simplicity, speed, and saving reagents, and is suitable for the detection of a variety

of nervous system drugs in animal-derived food.

KEY WORDS: nervous system drugs; liquid chromatography tandem mass spectrometry; animal-derived food

0 31 5

ARk, BEE Y E SR P AR s, AT B
A7 e SRR R, AN SRR AR SRR W, AR
CRBIE D . TS SRR T Rs ™ . SR, TR
REH P RO FIEE, 2 K IR0 S s fi Al i ] 17—
AN [l s 1 ), AR A A2 A v R AT R e . T i
iR, P As BN | T AR | RE I S R, a2
HEMHER . REIRE T BT FIAE . BedE . 2. R
Fiafni 2oL, BNz, R TR, MEN S
KT RBETS, 4535 ALE Al s S K& el
U WA R A, 3R 5 RS i Al R A S A IS S i
OPEE . KBS B2 SR . EEN SRR A R
G2, LI is ot sh P isemm . p-2 sl af
DL 38 24 A S S0 WURUIE R 4R g2 321k, &F
SKAE VL L 00 M K A4 A0 g e 40 e T ey & L
I TRARERL . FEARGOA S (B . B B AW
PR F G | WU RS0 e R S A 2
2 RO A 28, BT RERRIE ST | AT PR
FMAT T G N R A R 2 M A A AR L, HA R
. PURHIR . B ORI ORI S R
WGP NS RN G, S5k ERTESIIRILI . N2
Hh, IRAREE AR, AR, X AR B AR )5
Wil o PRI T — A B v TR BE Y WA s A
Z 2% BR IS i ik R 38 VI K

HFERER TS RGN 2Lt R 25, B
ARGy vk 22 A [R1 2 24k 3 o ik A 45U TR
0.1% 18 CNE 7 EAAR I, S0 Al - FR I s v i
WAHTE PR 3 Fh g sz ks, &t BRIk E] 0.06 ng/ke.
i VS o Xk o R AORH R BRI, P TR AR
i 3 BT B X ) BB AR H g i R DL A ARG, G PR
o4 0.002 ng/mL. STl IR A G RO €2 3 - FR G
X LA e e R R A I, A R 0.002 ng/mL.
TR PO FH 5 B0 R A B R 3- R EJTR 0 AG T A
YIRS bE o R IR 25 20 - P T, A PR #
10 ng/mL . T JE04 512 R 38 2ok X [ 4 A5 B o AT
T T K R 10 R R T RGN, A6 PR

EF 0.1~0.5 pgrkg. FA7TAEPE T EMR [ AH AU i
1k, BEZEMRAR A 2, s AOBOA T A I T )
A= LG AR B, K BRIAF 0.33 pg/kg. {H H RTfE
CHBEEXT B 2R 2407 AR R 25 25 Wy [R] e
HEA A 9 7 i o

WU, AT R AR OB - ER B R 822,
DI E LA I RREAS, DL B4 e IR g 0 5 Sk
T RERAGAGAE, Wtk ONEUEFTIREL, @i PRIME HLB
ARZERUR AL, S —FP R RN SRS g 21k
TR | 2L B AR AR 2 24 0 14 R v OB €33 - FR B A
D5k, R gk ia s i & & S iR
PR SR IEA TR, A a3 s i A AR SRR

1 RS

1.1 XFE5RH

LC30A/AB6500 8 = S0 AH (6 1% - B B T R AN (H A< 5
HAF]/EE AB SCIEX 24 Hl); PURIST-01 4K AL( i
SR F]); CPA225D HLF K (KB 0.01 mg, 78
Sartorius 2\ F]); SHZ82A fH IR SR K (4 45T o S ARl
A PR A, 2323K B0 HL(TE | Hermle 22 F]); SR-2DS 4
Yfe(H A TAITEC A #))o

32 FOARIN 2 MIAR U S (2 =96%) . R . 2.
HEL(Riga), =R IR . RGP, B-H % b
W% [iff (16 35 >100000 units/mL) . 7% 7 & &% B2 HE K (B 75
<20000 units/mL), MCX EAHZEBAE(60 mg, 3 mL)(_-F%
TE SR AT BN 7)); PRIME HLB #+64E (6 mL/200 mg) .
BEH C (100 mmx2.1 mm, 1.7 pm) (3£ & Waters 23 &),
1.2 HRHE

TE TR BR300 1 F8 S Al 3 RO W 28 3 K i S i 7
B, KILNLA . JFIEA &S TR, R T A
48R, 18 °CE B BHRAT
1.3 HmiElS%K
131 #& &

WERRFREL 5 g(RE R 2 0.01 g)FEdh, T 50 mL B0
A 0.2 mol/L Z P28 shi 6 mL, WWHERS, HNA p-
AP BR B 07 B IR EREREE 50 uL, T 37 °Cx1 °CIR¥ 1



38 B il 2 A iR A I A 4

FH15E

fi#t 16 ho BUHWREIRZEME, A 10 mL 1% = LB+
(30:70, V-V, T REDIEZHEEL 20 min, 0~4 °C'F 10000 r/min &
L> 10 min,
132 % 4

TERR I | 3% W S mL i PRIME HLB b AE, R
W, AW EIET, 1.0 mL ZJE+0.1%F BR /K (1:4,
VVRIRE IR, i 0.22 pm BEREE, G o A -
ER I TSN 22
1.4 H&EoH
141 &iEL&H

BEH C ;3 #:(100 mmx2.1 mm, 1.7 pum), #:&: 40 °C;
T A H 0.1%H KR, B N EE MY
0.00~5.00 min, 95% A; 5.00~15.00 min, 95%~10% A;
15.00~16.00 min, 10% A; 16.00~17.00 min, 10%~95% A;
17.00~18.00 min, 95% A; #FFfHE: 10 pL; JH: 0.30 mL/min,
1.42 JRig&t

BTFUR: WS R TR 550 °C; BT
BEZHL R 5500 V; ATTHLE: 10 V; k2% 50 psi; HHBD
T 60 psi; A i 35 psi
1.5 HIEAIE

Wit AB6500 A7 A EHE AL LA I:, XA bl AR b
(ITE I HEAT 4087, i3t Excel 2024 X AR 56 BB A T48 1T
S0, FEHELT 6 AT

2 HR55%

2.1 RIRCIBEMEMIL
2.1.1 B

J T EAFHKG 2 R, R AR N 48 PR T Bk T
THHER RSN . SRS A & I AE BRI AL VE R iE T —
Rl & S P0, BIEE s i o I AR /N AT (R R | 45
JOE T IR 5 &5 G BN 254 4+ s i AR b, (254 25
TEA T A KT PE R A o (R XA G SR (47 ) 25
T EFREIYI N3 w2 PR VT RERESE B 2RI sh Ry
YRR I 3 BCRE R, DRI B~ 8 R T T I/ 07 S AR R
BREE, KEALPD . FFEAEA 3l A B2 M S i s, A
FIF Bnfb a4t

LT, DS Z BN, YT HREE .. wOREE.
HEATYT . WMMERE L BTHES  ENE A 2 REC ], 4
LA . N 6 DEESL, I 1.0 pg/ke, ME
OB I AR bRt 22, 53R 1. 2 s @il
ity A 5 A WA (R L 23, 25 R SR, ZENL A2 e
ZH AP 5 I 24 40 %) TRT AT 3 K AR T A o O 22 34 DL TR
PFAR S G . UEBH R FE KA o7 LA 50 i 25 W 4 3h
P HEA SRS =, X B AR 259 RN &5 A B
Wi, PRI, ASBIESEERER ] B~ 2 M I IR T/ 7 R PR Wit

Pl AT T AR AR L

#1 AAERPHISHYHERESHESERE
Table 1 Recoveries and relative standard deviations of some
drugs in muscle matrix

ity firt I3

3 T4y X T HxS
W /% FRdEmZE/% SR %  FRER 2E/%

BN S 63 2.35 5 15.3
T B 72 3.42 18 13.8
TR 77 3.48 13 18.9
AR 83 3.56 60 6.28
i P 77 4.28 52 6.29
B4 i 86 2.25 65 7.82
AN 90 1.89 65 7.23
MZRE 89 3.46 62 8.18
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Table 2 Recoveries and relative standard deviations of some
drugs in liver matrix

ity it Ak A%
s oy A T A
BRER/ % frEm2E/% [BICR/% PR 2/%

BTN 66 3.35 12 17.2

W T R 75 3.12 15 15.4

TR 72 3.68 18 12.8
AT 80 3.77 65 6.38
i PRl 75 4.58 58 727
B+ it 82 3.25 55 7.56
AN 88 2.59 59 7.89
VUEA NS 82 3.44 61 8.75
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Fig.1 Recoveries of 13 kinds of drugs under different

extraction conditions
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Table 3 Mass spectrum parameters of 32 kinds of drugs
a4 R vieN BB T THET KR/ hiiERE R /eV
NI, o 345 149* 50 24
(X4 B AR B
345 121 50 37
e T 302.1 284.2% 50 28
HE N B B AR B
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e s B AR B
416 380 54 23
. R 262.2 185.1* 40 32
FrAEES B AR B
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. 5 I 240 148.2* 55 24
T R B AR S5
240 222.2 55 13
" R 226.1 152.2* 40 21
Rl Ak B AR B
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EERY B AR B
219.8 160 54 23
e 234.2 160.1* 40 21
[iEiEss B AR B
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FFEH B AR B
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. R 319 301* 50 17
AR ZEY B AR B
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\ R 293 203* 30 25
B RY B ZARB
293 132.1 30 39
. o R 302.2 164.2* 70 20
3 £ LU B ZARB
302.2 284.2 70 15
i R 214 154.1* 40 23
SR B AR B
214 118 40 34
) T 263 245% 50 15
AR B AR B
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e e % B ZARB
368.2 72.2 100 37
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A B AR S5
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S B AR S5
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A 2 B AR B
367 349.2 40 17
. I 291.01 203* 50 40
TR B AR B
291.01 132 50 24
) o 311.1 237.2* 40 24
A fE % B 2R
311.1 202.1 40 40
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RIS TR B YE B 0.2, 0.5, 1.0, 2.0, 5.0,
10.0 ng/mL; 2477 . FHESRIZE LY BT BT E Dy 0.5,
1.0, 2.0, 5.0, 10.0. 20.0 ng/mL; KREEHIZEZ Y0 &Mk
JEER: 1.0, 2.0, 5.0, 10.0, 20.0, 50.0 ng/mL. PA#illZH
O3 SO VAR B R A, A 4 43 D TR RS R PN A A AL A
TAEMZ o 3 ISR BRI 1A% . 2 F5 A0 10 A5 A4
TIFREE S, SEATIE 6 IR, DIAS 32 Fh AR 259 i 1l i K
AEXSARAE DR 25 o 32 FiRill 245495 11 B2 10 Tl B mDSc R 8 1 I,
F 4,5, LI RRBNIA 32 BRI A R B
BIRTFET 09916, MR 61%~106%, FHXHr A2
H1.5%~8.7%, FFMErh 32 FIAEM 259 (R AH 6 REBY R T45
T 09914, [ £ H 60%~110%, #7 XF Fr e i 22
1.3%~9.6%. B ZWEENR, DMATH . BENI2E, IRRET2E
2k HBR G 5 E 0 )4 liA %] 0.2, 0.5, 1.0 pglkg.
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Table 4 Linear ranges, correlation coefficients, limits of detection, recoveries, relative standard deviations of 32 kinds of drugs in muscle

W BHEEH ez wrr PR s Bz micke TR
/(ng/mL) /(ug/kg) i 25/%
HABRRS 0.2~10.0 0.9934 Y=12675X-262 0.2 0.79~2.91 0.75~1.82 77~90 2.3~3.4
TN 0.2~10.0 0.9932 Y=1287X+4936 0.2 0.57~2.32 1.12~2.94 79~97 3.1~4.4
W EFE 0.2~10.0 0.9921 Y=21885X+886 0.2 0.45~1.92 1.31~3.23 84~97 4.6~7.4
FIREEZ 0.2~10.0 0.9919 Y=2430X-423 0.2 0.36~2.81 0.89~2.38 65~81 1.5~6.6
W T 0.2~10.0 0.9987 Y=24786X-1397 0.2 0.76~3.04 1.54~2.82 79~93 3.6~7.0
AT A AR 0.2~10.0 0.9993 Y=2479X+118 0.2 0.28~1.58 1.61~2.73 62~77 1.5~4.4
TSRS 0.2~10.0 0.9945 Y=612587X-2245 0.2 0.53~2.57 0.89~1.79 83~92 2.9~6.7
VYRS 0.2~10.0 0.9926 Y=31879X+1206 0.2 0.69~1.23 0.75~1.48 88~102 2.1~4.3
FIFEHR 0.2~10.0 0.9974 Y=14869X-13651 0.2 0.55~3.52 0.83~1.76 88~94 2.3~3.8
FARIED 0.2~10.0 0.9924 Y=282543X+3917 0.2 0.36~2.83 0.68~1.87 94~105 3.3~7.9
BRHEFURRS  0.2~10.0 0.9978 Y=24079X+1169 0.2 0.57~1.41 0.79~1.88 88~94 2.5~4.6
ey 22 Bk 0.2~10.0 0.9942 Y=612587X-2245 0.2 0.73~3.52 1.24~2.63 79~97 3.5~6.6
ESE 90N 0.2~10.0 0.9924 Y=31879X+1206 0.2 0.46~2.63 0.88~2.31 68~90 2.7-3.8
AR Z 0.2~10.0 0.9978 Y=147869X-13691 0.2 0.43~3.14 0.77~2.30 72~87 3.1~5.6
iy 0.2~10.0 0.9997 Y=282543X+3917 0.2 0.89~1.74 1.20~2.71 65~84 3.3~7.1
ZAED 0.2~10.0 0.9957 Y=612587X-2245 0.2 0.43~2.12 1.11~2.83 61~83 1.8~4.9
SRS 0.2~10.0 0.9933 Y=31879X+1206 0.2 0.77~2.83 0.76~1.99 73~90 2.3~5.7
TRATFRS 0.2~10.0 0.9974 Y=17867X-1365 0.2 0.63~1.38 0.98~1.74 80~92 2.1~4.9
TR 0.2~10.0 0.9935 Y=283343X+4317 0.2 0.46~2.89 1.64~2.63 88~106 2.9~7.7
RS 0.2~10.0 0.9962 Y=24879X+1189 0.2 0.66~3.15 0.77~1.71 74~94 2.2~6.3
R % 0.2~10.0 0.9923 Y=62508X-2540 0.2 0.73~3.59 0.89~2.21 68~85 2.3~5.8
IS5 0.5~20.0 0.9924 Y=31879X+1206 0.5 0.63~2.54 1.24~2.63 80~94 3.3~6.6
ARFIT 0.5~20.0 0.9906 Y=147869X-13691 0.5 0.69~2.43 0.89~3.01 71~94 1.9~3.8
Wi P 0.5~20.0 0.9933 Y=282543X+3917 0.5 0.23~1.62 1.17~2.09 80~97 2.7~8.7
KOTERE A 0.5~20.0 0.9916 Y=616687X-235 0.5 0.89~3.63 0.83~2.91 68~81 3.5~8.3
AREF 0.5~20.0 0.9975 Y=31804X+1316 0.5 0.62~2.14 1.31~2.54 76~92 2.5~6.8
LR B 0.5~20.0 0.9932 Y=24769X-1091 0.5 0.83~2.92 0.77~2.14 77~99 2.3~5.9
Bl FE it 0.5~20.0 0.9967 Y=282543X+3917 0.5 0.47~2.51 1.04~2.68 89~104 2.9~5.6
ANG 0.5~20.0 0.9932 Y=24879X+1189 0.5 0.77~1.73 0.89~1.77 62~79 2.3~4.6
i PG P 0.5~20.0 0.9918 Y=6127X-2545 0.5 0.63~2.54 0.75~1.79 79~99 1.5~3.6
EANT 1.0~50.0 0.9965 Y=31879X+1206 1.0 0.46~1.53 0.83~2.17 78~97 4.4~6.6
L a=mN| 1.0~50.0 0.9982 Y=24879X+1189 1.0 0.66~2.18 0.68~1.89 81~97 2.3~5.1

RS FFRET 32 MAYNKMER. BXRH. BUHR. EERENRERE

Table 5 Linear ranges, correlation coefficients, limits of detection, recoveries, relative standard deviations of 32 kinds of drugs in liver

SRk L i HC K T BB e, HRIZ mkcR AR
/(ng/mL) /(pg/kg) 1% 1% W 2/%

LIRS 0.2~10.0 0.9954 Y=2445X+118 0.2 0.89~2.91 0.75~1.82 65~90 2.4~4.4
WA 0.2~10.0 0.9952 Y=61587X-2245 0.2 0.65~2.48 0.83~2.17 79~95 4.1~4.4
WD 0.2~10.0 0.9921 Y=31845X+1206 0.2 0.69~2.43 0.68~1.89 84~95 4.6~7.4
FEIAFRS 0.2~10.0 0.9919 Y=31845X+1206 0.2 0.77~2.83 0.89~3.01 66~81 1.3~6.6
T Rl 0.2~10.0 0.9962 Y =2803X+39017 0.2 0.55~3.52 1.17~2.09 60~93 4.6~7.0
A A AR 0.2~10.0 0.9995 Y=24045X+1169 0.2 0.43~3.14 0.89~2.21 62~55 1.5~4.4

FES Y 0.2~10.0 0.9945 Y=17867X-1365 0.2 0.77~2.83 0.75~1.79 83~92 2.8~6.7
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= A4E)
i B ez et BB e, HEIGZE EoR XTI
/(ng/mL) I(ug/kg) % 1% TR2%/%
[EEERES 0.2~10.0 0.9926 Y =28603X+4324 0.2 0.55~3.52 0.83~2.17 88~102 2.1~4.4
FIFEH 0.2~10.0 0.9924 Y=24845X+1189 0.2 0.43~3.14 0.68~1.89 88~94 2.4~4.8
TARES 0.2~10.0 0.9924 Y=62508X-2600 0.2 0.55~3.52 0.89~3.01 94~110 4.4~7.8
2L B K (i
P 0.2~10.0 0.9926 Y=24045X+1169 0.2 0.55~3.52 1.17~2.09 88~94 2.5~4.6
ez Mk 0.2~10.0 0.9942 Y=612287X-1845 0.2 0.55~3.52 0.83~1.76 69~95 4.5~6.6
FNABAR 0.2~10.0 0.9924 Y=31845X+1206 0.2 0.73~3.59 0.83~1.76 68~90 2.7~4.8
ARTNE 0.2~10.0 0.9926 Y=17037X-1385 0.2 0.73~3.59 0.89~2.21 62~85 4.1~5.6
YRS 0.2~10.0 0.9992 Y =28243X+4117 0.2 0.63~2.54 1.24~2.63 66~84 4.4~7.1
TAHED 0.2~10.0 0.9952 Y=2945X+11893 0.2 0.46~1.53 0.83~1.76 66~83 1.8~4.8
SRS 0.2~10.0 0.9955 Y=2205X+14169 0.2 0.77~2.83 0.76~1.99 66~90 2.4~5.7
AT 0.2~10.0 0.9924 Y=17867X-1365 0.2 0.55~3.52 0.83~1.76 80~92 2.1~4.8
SRR 0.2~10.0 0.9955 Y =8203X+43217 0.2 0.43~3.14 0.77~2.30 88~106 2.8~7.7
OARE% 0.2~10.0 0.9962 Y=24845X+1189 0.2 0.77~2.83 0.83~1.76 74~94 2.2~6.4
HmRES 0.2~10.0 0.9925 Y=62508X-2600 0.2 0.55~3.52 0.89~2.21 68~86 2.4~5.8
AlfEN 0.5~20.0 0.9914 Y=31845X+1206 0.5 0.43~3.14 1.24~2.63 80~94 4.4~9.6
AAryT 0.5~20.0 0.9906 Y=14969X-10191 0.5 0.55~3.52 0.76~1.99 71~94 1.8~4.8
WA EAL 0.5~20.0 0.9955 Y =122603X+3917 0.5 0.73~3.59 0.83~1.76 80~95 2.7~8.9
R OB A 0.5~20.0 0.9916 Y=8845X+15189 0.5 0.77~2.83 0.77~2.30 68~81 4.5~8.4
B 0.5~20.0 0.9925 Y=6127X-2605 0.5 0.69~2.43 0.83~1.76 66~92 2.5~6.8
IR B 0.5~20.0 0.9952 Y=31845X+1206 0.5 0.23~1.62 1.17~2.09 65~99 2.4~5.8
Fa[FE i 0.5~20.0 0.9962 Y =18273X+3091 0.5 0.55~3.52 0.77~2.30  89~104 2.8~5.6
AN 0.5~20.0 0.9952 Y=240451X+139 0.5 0.73~3.59 0.83~1.76 68~89 2.4~4.6
Hh P 0.5~20.0 0.9916 Y=6127X-2605 0.5 0.63~2.54 0.89~2.21 69~99 1.5~4.6
IENT 1.0~50.0 0.9965 Y=41847X+1686 1.0 0.46~1.53 1.24~2.63 78~95 4.4~6.6
T M 1.0~50.0 0.9962 Y=18845X+3189 1.0 0.66~2.18 0.83~1.76 81~95 2.4~5.1
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