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Determination of the residues of 15 kinds of benzodiazepine sedatives in
aquatic products by liquid chromatography tandem mass spectrometry
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Abstract: Objective: This study aimed to eslablish a method for
the determination of 15 benzodiazepine sedatives in aquatic prod-

ucts by liquid chromatography tandem mass spectrometry

(HPLC-MS/MS). Methods: The sample was extracted with ace-
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tonitrile solvent, and the extract was purified by solid phase ex-
traction (Oasis PRIME HLB) column. After concentration, the
mobile phase was used to determine the volume. The mobile
phase consisted of 1% formic acid aqueous solution and
acetonitrile solvent. The method was performed in multiple reac-
tion monitoring (MRM) mode and quantified by internal standard
method. Results: The results showed that the linear range of 15
sedatives was 1~100 ng/mL (R>>0.99). The limit of detection
(LOD) was 0.1~ 0.3 pg/kg and the limit of quantification
(LOQ) was 0.3~1.0 pg/kg. The average recoveries were 78 % ~
125% and the relative standard deviations (RSD) were 1.52% ~
12.02%. Conclusion: The method has the advantages of simple
pretreatment, good purification effect and accurate results. It is
suitable for the rapid detection of 15 kinds of sedatives in aquatic
products.

Keywords: liquid chromatography tandem mass spectrometry;

benzodiazepine sedatives; aquatic products; drug residue
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O A5 PG S SR T I i SR i B . BRT L KT TP R
W5 FH BRL 700 208 2 ) 7 o MEARS E DL AR AR I R
T gy g B A0 N7 T K R 13 i ) A% BRI Y
WO IR B, SR Ah R vk w2, HAT A AT B OR A
QUuEChERS #tfb (A48 /E 50 BB e b s R e 22, ok %
i JBT Ay T BE X A AR E AR R e . A R T R
B AR AU 1~3 Fp bR 4, sk B 450 dE ST TR
Jo I 3 0 52 K R 12 b e ) B LR 4 ok B Y
WAREE R T R ER-D, L 5k 1R 508 E-Ds L #78 2-D;
3FNR B —E R

WSS R 37— R L b i S SR il L A () i s ) 22 A
BELH 0 25 W T B AR G T 0 O R R A BT v
FSLER 434 55 A AT W50EE A0 A0 Ak DL A e e 6 ot T 46 1)
R, Ry K P R LR R AR R R TR B
1 MES57k
L1 #E5iH

15 FhEE R B2 14 Fh [0 28 P9 A A o £ 25 (LR 44
FRILFE D JREHEY N 1.0 mg/mL, 3 [ Cerilliant 23 7 ;

NGB R K . LR TR ORR . % A, 1 E
Merck 23 7 5

Waters Oasis PRIME HLB [H #1 # Ht /) 4
(150 mg/3 mL), Waters Oasis HLB [& 1 # B /)N 4
(150 mg/3 mL), Waters Cys #F (200 mg/3 mL) ., Waters
CORTECS Cy i H (435 #E (3.0 mm X 100 mm, 2.7 pm) :
X B Waters A H];

Supelclean LC-18 [E#HZE BAX . #8 = Merck 23 ]

T At B 35 IR R A G SR L T
1.2 NFE5EE

= DY A A R B X - SCIEX Triple Quad™ 5500
#, 2 [F Sciex A Hl

RS B O HL: Avanti J-26XP A, 35 [/ Beckman
Coulter A7 ;

H, 7 K. CP225D I, f# [F Sartorius 2 7 ;

KU RECE—REREVEKRP DX RS LABRTNAY XS

4 HBhHe 451 : Turbo Vap LV AU, i B Biotage 2\ ) 5
afi KA : Milli-Q %, 3 [ Millipore 23 7,

1.3 tREBREERS
(D VR A AR AR 43 50 88 I — 8 PR ALY 15 Fl

SE 7R b 4 28 VRTT 2 T TG ) 0T A e B YR 100 g/ L

HITR & bR VR, — 18 CHRAfF .

(2) RA WARFRAE TAEW - 43 5B B — s A FR 1Y [] o2
F I BR A A TR O T 1 S R B 20 50 pg/L B9 IR
HIRHER R, — 18 CIRTE.

1.4 HmBTLE

XN PRI R RS 8- 3l D I = 15 i
S JG — 20 CHATE.

T 50 mL R O kR AR BG A 2.00 g, B
JnEE R Ry 50 pe/L IR A AR BR IR 200 pL, #E
5 min, MIAEEBER 2 10 mL, WHEIRS 30 s, T % I
THA 10 min, k)5 8 000 r/min B .L> 10 min, #E#FEH
5 mL 35T Waters Oasis PRIME HLB [ AH % Bk
PTG 2N 1 /s, O B IRCF 10 mL %) B O

B, BT 1 min, WHETF 50 CRAMKE 0.5 mL

A LACIEEAE 1 mL, it 0.22 pm JE R FLIE A, %
LSRR
1.5 S AE
1.5.1 @& %t Waters CORTECS Cy VA 5
JEHE (3.0 mm X 100 mm, 2.7 pm); A 35 C; b A
1 pLs 8 : 400 pL/mins W80 AH A:0.1%6 R K ¥ W 5 B:
B, BB B Uk BB ). 0~ 8.00 min, 95% Aj;8.00~
12.00 min,95%~10% A;12.00~12.10 min,10% ~95%
A312.10~15.00 min,95% A,
1.5.2 JRIE&M BT IR CESTIR. IE B 7 W oy
22 B WA = (MRMD ; A 55 LR .5 500 V5 8
JRIR S 450 °C R AFR:0.24 MPa; F46X:0.38 MPa; 4
M AS:0.38 MPa, 15 R #HTIA 14 Bl AR 9 (9 1500
B 2o LR Rl R B AR IS S LR 1 (o
L VG PR XS I AR R 55 BV DL
1.6 #iE4bIE

S HI Origin 8P %2006 H08 47 40 38, 43 B A6 10 R
R B ORS R S iR
2 #iRkG5ie
2.1 BHREHELEK

TR0 BT L Y B 0 X A I e B U A R T
KHBRAY, 5 58 F 454 BUN E B NS T
BFIM+HI", B 7 E 8 78T, Sk H W 3h v g
FRG B REWRE RN 1 peg/mL 0 H PG PES 15 Fha e
B 14 B N AR A BT X HARAL A WAE m/x h
200~ 450 By 0 Fl N AT — G BTG 2 6 L KA TR T
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Table 1 MS parameters for the 15 kinds of sedatives and 14 kinds of isotope internal standards
e e ET TET LKA RiEGE o fREn BT FTET LKE miERE
" Wl /min (m/2) (m/2) JE/V  /V " B /min (m/2) Gn/o) JE/V H/V
154.1* 38 90 140.0* 38 100
PG P 7.24  285.1 FH PG R 6.90  271.1
193.1 16 90 208.2 39 100
236.1% 35 100 198.2* 55 100
[ELLRER 6.01  282.1 2 WS R VY v 5.83  300.1
180.1 16 130 254.2 34 100
270.1% 52 90 ) 109.0% 39 90
AL GE 6.10  316.1 2-$52 L EE BV 6.55  333.1
241.0 50 90 211.2 50 90
) 241.1% 30 80 ) 154.0% 40 90
YL PG R 6.54  287.1 2/ -G VY P 7.25  319.1
269.0 21 80 227.0 43 90
. 288.1% 35 80 || PG #-Ds 7.24  290.1 198.1 44 90
ST 5.33  388.2 o
315.2 34 80 || fi§VEPE-Ds 6.01  287.1 241.0 36 80
) 239.1* 47 140 || S % E-Dy 6.10  320.0 274.1 36 90
SR P 6.21  314.0 o
268.2 36 120 || BB PEPE-Ds 6.54  292.0 246.1 31 70
) 289.1* 32 80 | LG EE-D, 5.33  392.2 319.2 34 60
SR 6.88  335.1
316.8 19 80 || LA PU HE-Dy 6.21  321.1 275.1 37 120
) 228.9" 40 100 | SHPEEE-12CL Dy 6.88  339.1 293.1 30 80
57 $ 75 2 6.55  321.0 o
275.0 30 100 || ZFHLPEPE-Dy 6.55  325.0 279.1 31 80
271.1" 32 80 || BHLVEHE-Ds 6.78  306.1 260.2 32 60
S AUTRES 8.04  325.1 ‘
140.1 52 80 || 7-% LAY VT PE-Dy 4.04  291.1 138.0 38 80
255.1* 30 80 || ZHPHPE-Ds 6.90  276.0 140.1 40 80
B 6.78  301.1 :
283.1 20 80 || 2 LA VE H-Dy 5.83  304.1 258.1 36 80
135.0% 38 90 || - LEEFPLVEPE-D, 6.55  337.1 113.1 39 90
-8 T R VY P 104 284.1 ,
227.2 36 90 || 2'-F VY PE-D,y 7.25  323.1 231.0 46 100

o R T

E[M+H]  HBRERERE 1X10° L, UEARSHN
Tl 478 A o 30 ot U P T FR Rl R R 2k A A R 4 I 2 5 4
BRI R E Y 2 AT AR E TR
HETF PR Rl 1 87 8T Btk d
Yt FE, 055 T 0.1 HBRKER—Z .
0.1% M R IK W — W B2 .5 mmol/L ZMREIR IR (& 0.1%
H ) — B .5 mmol/L ZREER (& 0.1 % H D —2
JiE A Fi it ghAEXT B AR 1A P 00 R R R s, 26
T SR 0.1 %6 HE R K I T R B O IR s M B, E AR
G 1 Jo 3 i o {5, 0 TR B R B, 4% 0 IO I 0 3 S K
ST, DR gk 0.1 %6 B R K VA TR — R REAE b H AR Tk A
Yy R I B R S AH L R A E R 15 R AR R R B 14 Fh P9 AR
fRE 4R B T i gk R LA 1.
2.2 HMIBEFIEE

Hb VG PR S 15 I R A e B, B Y R R
BN OB OTREFHIFER >, HRILET CHE.
IY%HER— W A% E K2 A% B KR B
I%HIR— CROTR. LML 6 42 B X B irtb &%)
RBGCR T, BT 1I%EK—LROBE 1Y% F R

TR T Dy 4R BV R L 2 O A O TR M B L AN [
BEMFLAL NG, 43 B A0 5 22 TR ok A 30 6 w0 300 5 DA HEBR .
o 4 Fh 4R ORI 45 5 (N E 2) R WL 28R 2B AR X
S B 1 B TR 300 O U, JHL AR Il g e A1, T 2
2' -G Mo G PR 2-9 £ F SR P P FLIRCR AR 55.8%
1 60.1% 1% HEAK— M 1% P ER— 2 IE ™ 2 AF 2
T R A B b Al A 0 0 B2 RO A 25 8 K, R 3 Hh T
PEEE 15 L A M ME R T L B0 L 20 S
R Gy F oK T i AR 4R TR AR L PR R B 2 RS VRS A
b Ak A 9 B BRI
2.3 REIERMAL

2% B o AT Ok B bR R R M A O IR R R R
FUIK L2 WA Y R T MR S L T R0 Fh T M B P L A
FREE AR S AR SR T T B,
FELL 15 PRI AR R IR W O X R, B T RN E R
(35,40,50,60 °COE M BRI, B I& 3 ) 1, 78
N Tl 3R B AT U B AR AR 1 e B (B BT 25 5L TR
JE A FE A R 35 °C R SR %2 N G T P Y DR AR
T 70% .60 C B ik B Aok i o SR PO P R 2 B SRS T Pk
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Figure 1 Extracted ion chromatograms of the 15 kinds of sedatives and 14 kinds of isotope internal standards
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Figure 2 Effects of different extractants on the extraction of the 15 kinds of sedatives (n=16)
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Waters Oasis HLB & #H ZE BUHE I Waters Cyg [ AH 28 BUAE
X ELE T B AL AR . S5 R (B ) KW, Waters Cy [8 41
D2/

RERE v A ROR B 22, JF P v P

4 AR A A I FE Waters Cog [FH 52 U VA 11 5 64
T 60% ; Waters Oasis HLB [# #H A% BUAE F1 Waters Oasis
PRIME HLB #E%F H A5 4k 5 9 (19 v A a0CR Jo i % 22 5 . (3
Waters Oasis PRIME HLB [# 4 26 BUH: 518 45 1) Waters

Oasis HLB [ AHFE BUCAEAH B, 4 26 T 06 4k P B 20 9% 4

e/

ol B ROV L A, TR T A Ak A R IR B S RE A A2
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Figure 3 Effect of nitrogen blowing temperature on the recovery of 15 kinds of sedatives (n=16)
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Figure 5 Determination of matrix effect of the 15 kinds sedativeswith external standard method

2.6 FHIERZ&ETEE G H R & PIBRAR HEVE WK 200 L, BT & R B 100 pg/L 9 15 Fi
FE AR S B PN TR B TR A AR AR BUE MR A AR R I 100,200,500 pL, RIS K7

W4 1A LS MR AT E . DI HARY BTk 5,10,25 pg/kg. BN IRMK AT E 6 YR, HAR [ i

BE R RE AR AR (XD o HARL A Py 0 T RRRD X B AR PN RR 20 78 %6 ~125%0,RSD 2y 1.52% ~12.02%, WLk 3. &

P AR KR (YD bR v I 22, P2 2 AT 0, 15 Fh A BISZ O vt B BT B0V RIS %5 %

FEFIZE RN 1~100 ng/mL M E N E RIFWEL 2.8 ZERESED

HXR HXERYU RO AT 0.99, LI 3 515 M FIF ESR R 7 8 % 1T 3 b8 i 20 4 R R 2
(S/N=3)1ER T =Mk R (LOD), 10 515 ML miosk 2= 8 (Bifn i 40 | § 36 13 % OF | o 46 45 5 e 45 ) 3k
(S/N=101EX )% E &R (LOQ). AN L 25 3 7R L 76 1 0y B 0 R S rh s Y kA R
2.7 AREBENBEETE 50.85 pg/kg, Ho A BE S B OR R R R R

15 2.00 g 25 FURE S RN BT E W EE 9 50 pg/mL - #FH .
2 ICHEBANEEFRAXRHL LHRMNEER

Table 2 Linear equation, correlation coefficient, detection limit and quantitation limit for the 15 kinds of sedatives

& Edcw MERBMR KR/ (pg - kg™ EER/(pg + kg™
VG Y=0.11X+1.48X10"* 0.998 9 0.1 0.4
il V4 Y=0.11X —8.84X10 3 0.997 4 0.1 0.4
R Y=8.69X10"3X+7.36X10"" 0.982 0 0.2 0.7
BT Y=0.12X+1.13X 1072 0.999 3 0.1 0.4
FE AL RES Y=1.20X10"2X +3.43X10"* 0.999 3 0.2 0.7
A VP Y=3.98X10 2X+2.90X10 * 0.997 6 0.2 0.7
AR VEPE Y=7.70X10"2X+1.38 X102 0.993 7 0.2 0.7
57 P 7Y P Y=2.98X10 2X+5.89X10 0.995 1 0.3 1.0
SR UALRES Y=2.54X10"2X+4.76 X103 0.998 8 0.3 1.0
B ovg e Y=8.78X10"2X+2.15X1073 0.998 7 0.2 0.7
758 B TRV Y=0.11X —3.668X 10 * 0.998 3 0.2 0.7
LG Y=0.17X —5.15X 103 0.995 5 0.2 0.7
2 R L LA P Y=3.62X10 2X+1.58X10 ! 0.999 4 0.3 1.0
2-¥2 2 SE PV P Y=9.14X10"2X+1.64X102 0.994 5 0.3 1.0
2" H P Y=9.18X10 2X +4.69X103 0.998 7 0.2 0.7
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Table 3 Recoveries and precisions of the 15 kinds of sedatives (n=26)
B & 5.0 pg/kg 10.0 pg/kg 25.0 pg/ke
FHEE /% RSD/% FHEMEE/ % RSD/% FHELE/ % RSD/%

VG 106.13 7.40 124.72 5.46 110.63 9.06
il 74 2 96.56 6.53 95.74 5.23 98.34 2.57
R 78.37 6.43 87.78 3.15 84.39 7.06
LIRS 98.14 1.52 104.14 3.54 94.26 2.63
FPL PG P 107.04 5.79 102.79 1.54 100.99 1.85
R VP 117.09 5.55 109.73 3.77 94.26 2.63
AR 117.09 5.55 109.73 3.77 96.04 5.83
55 LG 7 101.62 6.28 106.37 4.85 95.32 7.62
R OAUIRES 110.32 6.45 105.57 5.23 108.79 4.52
By 113.55 6.18 108.65 5.59 108.35 5.52
75 HL IV 118.50 4.55 111.24 3.49 116.51 4.32
K HPEPE 104.41 8.81 100.85 6.45 103.44 7.61
PULES Ry S 97.64 6.13 98.46 6.13 105.23 5.37
2-F% LAV 1k 118.46 3.91 101.64 4.91 110.16 5.11

G TG 103.49 6.89 108.68 10.29 100.97 12.02

3 %i’l’.\; of diazepam on neuroactive ligand-receptor interaction signaling
pathway[J]. Journal of China Pharmaceutlcal University, 2011, 42
WFFTEE ST T WA (0 35— 83 B¢ B 3% 9k DU UK =

15 Fh o8 — 5 2R BUE Ry H‘Eﬁfi: X B P ) L A
R iy =X B OO G5 R R EAT 1A R A IR R
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