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Abstract Objective; To establish and optimize a rapid direct analysis of real time tandem mass spectrometry
(DART - MS/MS) method for the rapid detection of 12 benzodiazepines in blood and urine that can be used in fo-
rensic toxicology work. Methods: A DART ion source was used in conjunction with an API4000 Q Trap mass
spectrometer. A DART 12Dip — It"™ autosampling module with a module travel speed of 0.6 mm - s ™', a sample
volume of 5 pL, and a gate voltage of 200 V were applied. The mass spectrometry section scans in positive ion

mode using multiple reaction monitoring ( MRM ) mode. After further optimization, the DART — MS/MS method
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was validated and applied to real case samples. Results; Ethyl acetate was selected as the extractant for liquid —

liquid extraction and the temperature of the carrier gas heater was optimized. The method has good selectivity and

does not interfere with delayed effects. The linearity was good, and the limits of detection (LODs) for the targets

in blood and urine were in the ranges of 0.5 —=10 ng - mL™" and 0.2 =2 ng - mL ™", respectively. And the limits

of quantification (LOQs) were in the ranges of 1 =50 ng * mL ™" and 0.5 =5 ng - mL ™", respectively. The recov-

eries ranged from 78. 8% to 119% , and the matrix effects ranged from —17.5% to 18.5% . The intra — and

inter — day precisions were not greater than 14. 4% for the high and intermediate concentrations, and not greater

than 18. 1% at the limits of quantification. This method enables fast and accurate examination of case samples.

Conclusion; The method is fast and convenient, with good sensitivity, and can be applied to the research and

work of rapid detection of toxicants to improve the efficiency of detection.

Keywords: direct analysis of real time; blood; urine; benzodiazepines; rapid detection
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Tab.1 Chemical information and mass spectrometric parameters of internal standard and 12 benzodiazepines

e - CAS 5 HFR ZTUEN BET  FET O EBWE  RdERER
a2
" (CAS ('molecular (‘structural (parent ion) (daughter ions) (declustering  ( collision
(No. ) ( compound ) )
number) formula) formula) m/z m/z potential ) /V  energy)/eV
8%
1 3w M4 (estazolam) 29975 - 16 -4 CigH,; CINy 205.1  205.1/267.0* 109 56/35
e
2 BTGP (oxazepam) 604 ~75 — 1 C,sH,, CIN, 0, " 2872 104.0% /241.3 91 49/31
T
3 HupEPE( diazepam) 439 - 14 -5 C,sH;5CIN, 0 Q O 285. 1 154.1/193.1* 104 37/45
T
4 JEPGPE (flurazepam) 17617 =23 =1 Cy H,,CIFN,0 8! () 388.2  315.1%/317.1 83 33/27
&
5 350 pG P (lorazepam) 846 —49 — 1 Cy5H,;CLN, 0, 8 {) 321.2  228.9/275.1°% 89 42/31
§
6 P PEPE (lormetazepam) 848 —75 -9 Ci6Hpp CLN, 0, . 3351 177.2/289.1" 90 63/30
AT
7 EWHIPYPE (prazepam) 2955 -38 -6 CioH7 CIN, O Q Q 325.2 140.0/271.0* 100 54/32
Ty
8 EWPUP (nordazepam) 1088 —11 -5 CisHy CIN, 0 2711 140.1%/165. 1 110 40/39
|
9 ErIhVGRE(temazepam) 846 —50 -4 C,H 3 CIN,0 ’“ O 3012 177.1/255.2* 80 55/30
I3
10 fi B Y2 (nimetazepam) 2011 —-67 -8 CisH;3N; 04 Q Q 296.2 221.2/250.1°* 101 48/35
&y
11 A4PG P (nitrazepam) 146 -22 -5 CisH N5 04 A ) 282.1  180.1/236.1°* 102 53/35
No,
VW
12 VPG 2E( bromazepam) 1812 =30 -2 Ci4H,(BrN; O W 316.0 182.27* /209. 1 93 46/38
13 HpUE - Ds (PIAR) 65854 -76 -4  C,HgDsCIN,0 GY? 3, 290.2  154.1/198.3* 111 39/44
[ diazepam — Dy Q , O 0

(internal standard) ]

T (note) ; * . FE BT (quantitative ions)

2 HE5ER
2.1 ETUAME S EA M
%7 111 DART 8 7, i@ jF VAPUR 4 11
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Fig.1 Simultaneous detection of 12 benzodiazepines by mass spectrometry
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Fig.2 Representative spectra of blank matrix samples
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Tab.2 Linear relationships, LODs and LOQs of 12 benzodiazepines in blood and urine
B9y %) AN LM LOD/ LOQ/
('matrix) (drug) (linear range) /(g + mL™") (linear equation) ' (ng-mL™') (ng-mL™')
IfiL & ( blood ) w4 (estazolam ) 0.01 ~1 Y=7.102X +0. 016 1 0.998 0 5 10
A YRV 2 (oxazepam ) 0.02 ~1 Y=0.471X +0.009 2 0.990 4 10 20
P 2 ( diazepam ) 0.005 ~1 Y =9.582X+0.0329 0.993 3 2 5
F VG (flurazepam ) 0.001 ~0.5 Y =69.76X +0. 020 40 0.996 5 0.5 1
5551 75 2 (lorazepam ) 0.01 ~1 Y =2.961X +0. 038 20 0.990 6 5 10
S H P 2 (lormetazepam ) 0.01 ~1 Y =9.509X +0. 044 70 0.995 5 5 10
47 PG 2 ( prazepam ) 0.01 ~1 Y=16.22X +0.100 9 0.991 6 5 10
= H PG 2 ( nordazepam) 0.05 ~1 Y =2.398X -0. 003 200 0.999 4 10 50
75 2 (temazepam ) 0.005 ~1 Y =16.74X +0. 015 10 0.994 9 2 5
Tt H P 2 ( nimetazepam ) 0.005 ~1 Y =5.858X +0. 005 100 0.997 0 2 5
Tt 75 2 ( nitrazepam ) 0.02 ~1 Y =2.969X +0. 008 300 0.996 3 10 20
VR PG 2 ( bromazepam ) 0.01 ~1 Y =2.268X -0.008 900 0.994 0 2 10
JRIK (urine ) S E] e (estazolam) 0.002 ~1 Y =11.74X +0. 009 300 0.993 9 0.5 2
BV PG P (oxazepam ) 0.005 ~1 Y =1.137X -0. 003 000 0.990 9 2 5
P 2 ( diazepam ) 0.002 ~1 Y =9. 842X +0. 006 900 0.994 0 0.5 2
TGP (flurazepam ) 0.0005 ~0.5 Y =25.28X +0. 002 800 0.994 5 0.2 0.5
551 75 2 (lorazepam ) 0.005 ~0.5 Y =11.38X +0. 002 300 0.991 8 2 5
S H PG 2E (lormetazepam ) 0.001 ~0.5 Y =10. 63X +0. 020 50 0.9933 0.5 1
7 P 2 ( prazepam ) 0.001 ~1 Y =19.78X +0.014 00 0.995 8 0.5 1
2= H PG 2 ( nordazepam) 0.005 ~1 Y =2.940X +0. 0032 00 0.992 2 1 5
Bz TP 2 (temazepam ) 0.002 ~1 Y=18.21X - -0.002 900 0.994 3 0.5 2
Tt H 75 2 ( nimetazepam ) 0.001 ~1 Y =6.599X +0. 005 600 0.995 2 0.2 1
Tt 75 2 ( nitrazepam ) 0.002 ~1 Y =6.938X +0.013 70 0.995 4 1 2
TR P 2 (bromazepam ) 0.002 ~1 Y =2.658X +0. 003 000 0.996 4 0.5 2
RI3I RAFREXAYENRSREFHERBNES @Y R RSD
Tab.3 Matrix effects, recoveries and RSDs of 12 benzodiazepines in blood and urine
SR %0 W -2 i A -4 T AIONE [mli % RSD RN RSD
(matrix) (drug) (concentration)/  (mean recovery)/ ( mean matrix (RSD of (RSD of matrix
(ng - mL™") % effect) /% recovery ) /% effect) /%
IfiL 3 ( blood ) ] w4 (estazolam ) 500 96. 4 -9.1 10.9 11.4
50 82.8 -3.1 6.1 11.7
YL PG P (oxazepam ) 500 84.7 -10.9 10.7 6.0
50 80.7 -12.2 4.3 7.7
Hb 7 2 ( diazepam ) 500 102.7 3.6 11.4 4.9
50 97.1 -3.9 13.0 12.3
FA G 2 (flurazepam ) 500 119.0 18.5 7.8 4.6
50 103.3 8.1 12. 6 10.3
55917 4 (lorazepam ) 500 83. 1 -6.3 10.0 11.2
50 81.5 -13.4 9.7 7.3
S PG 2 (lormetazepam ) 500 93.8 -4.2 12.3 8.4
50 84.3 -9.7 9.2 11.9

RO R
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F3(4)
- it W SF-H [ml RS YA [alfic % RSD LU RSD
(concentration)/ (mean recovery)/ mean matrix (RSD of (RSD of matrix
( matrix) (drug)
(ng - mL™!) % effect) /% recovery) /% effect) /%
LV 2 ( prazepam ) 500 95.9 14.7 9.3 4.6
50 86.2 3.7 13.8 9.6
2= H PG 2 ( nordazepam) 500 98.2 -6.4 12.2 10. 8
50 81.7 -9.9 5.1 11.4
L P 2 (temazepam ) 500 89.9 -3.8 8.0 8.8
50 90. 1 -8.9 11.9 12.4
1t F PG 2 ( nimetazepam ) 500 97.7 -0.7 13.4 12.3
50 86.0 -16.9 9.0 9.6
Tt 75 2 ( nitrazepam ) 500 81.4 -14.7 9.5 10.2
50 79.6 -11.9 4.9 9.7
VY 2 (bromazepam ) 500 87.4 -17.5 13.1 10.5
50 78.8 -9.2 5.1 9.9
PR (urine) )M (estazolam) 500 93.7 -5.0 7.9 11.2
50 87.5 2.5 7.4 8.7
A VBV P (oxazepam ) 500 95.1 5.9 11. 1 12.3
50 95.2 9.7 11.6 8.8
b7 2 ( diazepam ) 500 101. 1 -1.8 12.7 12.2
50 98.1 -1.5 10.6 5.9
G 2 (flurazepam ) 500 101.2 -1.0 13.9 12.3
50 93.9 13.0 13.3 10.0
5551 75 2 (lorazepam ) 500 107.0 -8.5 11.8 13.3
50 94.1 5.6 10. 1 9.6
S H PG 2E (lormetazepam ) 500 93.4 -5.8 12.3 9.3
50 82.2 -0.50 7.2 13.7
7 PG 2 ( prazepam ) 500 88.4 0.30 12.9 10. 8
50 95.7 1.4 9.8 11.8
£ B4 2 (nordazepam ) 500 93.9 -13.9 .3 13.8
50 92.1 8.7 5.6 12.2
e 1 PG ( temazepam ) 500 99. 4 ~13.5 1.6 12.7
50 95.1 0. 60 11.3 11.7
Tt F 75 2 ( nimetazepam ) 500 86. 1 -13.6 11.0 8.7
50 86.8 -11.3 11.9 10.0
Tt 75 2 ( nitrazepam ) 500 92.2 -12.5 11.3 13.2
50 93.9% 12.0% 13.8% 9.8%
TR VG 2 ( bromazepam ) 500 95. 0% -5.6% 11. 4% 11. 1%
50 82.9% 3. 7% 6.4% 9.4%

R SE R ANE 3 PR o e H DART - MS/MS 3
R Jm, S AW A B - B 3
(HPLC - HRMS) JE47 T K230 LLERIIE DART - MS/MS
LR IR A R UER L . 45U, 6 DART - MS/
MS J5ik45 HPLC - HRMS % Fr A3 25 SR AL, LA 5T
WKL AR iE DT 12 , DART — MS/MS 3£ 72 545 R 1 fin

HWEHR L

EE - 12.1%~17.1% . [ 201 J% 202 2 bf 1y ks
Bk LA HPLC — HRMS 3 0 3tb 74 o 5 5= 1 g
PR LOQ BEIK, {H DART - MS/MS 75 i R fU% € 2
B F H 8 A0 Pk 56, FLSE bRk | & L 2R
Tho HHOC BHME MR K M 09 B0k K 5 45 R
5 i,
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Tab.4 Precision and repeatability of 12 benzodiazepines in blood and urine
1L (blood ) PR (urine)
v K5 BE (precision) E’Eﬁ *‘ﬁk%"fi( precision) , EE@
251 ) RSD/ % (repeatability) RSD/ % (repeatability)
(drug) ( concentr'atlf)]rl)/ . — : —
(ng - mL™") ‘El M .El [i5] %ﬂ?’lﬂﬁ(fwerage RSD/ -El M -El [} ¥i’9ﬂ2)ﬁ(fwerage RSD/
(intra—  (inter — concentration )/ % (intra -  (inter — concentration )/ %
day) day) (ng - mL™") day) day) (ng - mL7!)

S HE) MR (estazolam) 500 10.1 12.7 519.25 8.3 9.2 1.1 513.62 7.7
100 5.0 9.1 105.29 8.8 4.1 11.9 106. 68 8.7
LOQ 9.0 16.5 10. 82 10.6 12.7 14.8 2.15 11.2
BAYL Y2 (oxazepam ) 500 12.8 12.6 490. 47 9.3 7.0 8.5 486.92 8.0
100 7.9 13.9 101. 92 8.1 7.8 9.0 93.00 9.8
LOQ 15.7 17.4 18.45 14.2 11.5 15.2 4.73 12.4
P ( diazepam ) 500 10. 1 12.8 522.90 10.6 8.3 10.9 528.02 5.9
100 6.8 13.0 111. 84 6.8 9.5 10.5 105. 18 7.3
LOQ 11.0 7.7 5.37 12.5 9.5 16.7 112 12.2
FAPGEE (flurazepam ) 500 8.1 12.9 494.94 11.0 8.5 10.9 494.72 6.7
100 7.0 8.3 96.91 8.8 6.5 14.4 95.95 11.8
LOQ 13.1 17.3 0.86 11.6 14.2 15.0 0.57 16.5
FHLPY2E (lorazepam ) 500 6.2 13.6 477. 15 7.8 11.0 12.8 523.74 7.6
100 9.2 11.6 90.72 8.6 11.0 7.9 108.59 8.9
LOQ 13.5 16.3 9.76 13.0 1.0 17.8 5.26 13.6
A HTEEE (lormetazepam ) 500 8.6 11.8 498. 58 10. 1 10.3 9.8 528. 64 10. 1
100 9.0 11.5 104. 82 7.4 6.0 8.7 108. 84 7.3
LOQ 13.8 14.9 11.30 13.7 12.9 18. 1 1.17 13.5
RGP (prazepam ) 500 7.8 11.7 508. 72 7.9 10.1 11.7 515.54 10.9
100 10.9 12.2 108. 85 11.3 7.8 12.5 102.09 9.9
LOQ 12.7 13.1 11. 05 8.9 4.6 12.4 1.06 9.8
F=H P2 (nordazepam ) 500 9.2 8.6 482.82 9.5 9.3 8.6 522.60 10.0
100 10.6 13.0 9. 73 11.6 8.2 8.6 102.22 6.4
LOQ 3.5 13.3 49.53 12.9 9.1 13.1 5.39 12.1
LY (temazepam ) 500 7.2 8.4 518.59 9.1 11.9 11.2 474. 54 9.7
100 7.9 12.0 98. 05 7.9 9.3 13.3 98.59 7.4
LOQ 7.9 13.3 4.79 9.7 12.1 11.9 2.25 11.4
5 H P2 (nimetazepam ) 500 8.0 12.0 519.27 9.2 9.5 9.8 505. 24 7.5
100 10. 1 9.5 102. 74 7.1 11.5 11.2 104. 40 11. 1
LOQ 13.1 10.4 5.18 13.8 10.9 15.5 1. 10 9.2
P2 (nitrazepam ) 500 7.7 12.9 499. 58 7.1 3.2 10.2 526. 06 4.0
100 12.0 13.7 107. 03 11.5 10.6 12.3 107.32 9.2
LOQ 9.2 18.0 21.52 14.3 16.4 16.5 2.25 14.5
TRV 2 (bromazepam ) 500 4.9 11.6 517.95 9.5 10.2 12.8 504. 28 12.4
100 7.0 9.4 103. 47 10. 1 7.1 13.6 101. 84 7.7
LOQ 13.3 11.6 9.82 9.8 7.5 9.8 1.96 13.7
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Fig.3 Selected ion spectra of estazolam(A) and diazepam — D, (B) in case No. 101
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Tab.5 Detection results of blood and urine specimens from authentic positive cases
55 e Kb Kttt ¢/ (ng - mL™") Mz
(No. ) (type of medication taken)  (type of materia)  (the substance detected) DART - MS/MS HPLC — HRMS (deviation )/ %
101 ] s> ((estazolam ) 11 3% ( blood ) 3]s ((estazolam ) 85.4 74.2 15.1
102 ] ((estazolam ) 34.0 38.1 -10.8
103 ) (estazolam ) 47.8 47.8 0.0
104 ] ((estazolam ) 23.4 24.3 -3.7
105 - F] e (estazolam ) 33.5 35.3 -5.1
106 YoE] M ((estazolam ) 36.3 37.3 -2.7
107 S H] A (estazolam) 24.1 23.4 3.0
108 YE]mE> (estazolam ) 40.6 37.6 8.0
109 L] (estazolam) 487.8 481.4 1.3
110 ] (estazolam ) 48.1 41.2 16.7
111 Y HIME (estazolam ) 13.1 14.9 -12.1
112 R (urine) S w]mE (estazolam ) 3.1 2.9 6.9
113 L] (estazolam) 52 4.5 15.6
201 HIPEPE ( diazepam ) ML (blood ) PGP ( diazepam ) + 1.9 /
ZH PGP (nordazepam ) + 8.7 /
202 Hupa2E (diazepam) 119.1 106.7 1.6
FHPPE (nordazepam ) + 7.7 /
PG (temazepam ) 8.2 7.0 17.1
301 P2k (lorazepam ) 1% ( blood ) PP 2L (lorazepam ) 196.7 202.9 -3.1
302 R (urine) FPLPG2E (lorazepam ) 27.8 24.8 12.1
401 BTGP (oxazepam) 1133 (blood ) LT (oxazepam) 226.7 246.1 -9

TE(note) ; “ + 7 K H BH P45 SE(H K BBk 21 € B AR UE (indicates that a positive result was detected but failed to meet the quantitative criteria)
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Fig.4 Variation of mean peak area with carrier gas heater temperature for 12 benzodiazepines
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Fig.5 Recovery and matrix effect of 12 benzodiazepines in blood after treatment with five liquid - liquid extractants
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Fig.6 Recovery and matrix effect of 12 benzodiazepines in urine after treatment with five liquid — liquid extractants
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