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Simultaneous Determination of 18 New Benzodiazepines in Saliva
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Abstract: The abuse of new benzodiazepines may lead to dependence, withdrawal reactions, and
various health hazards. Saliva collection is not limited by location, making it suitable for various ap-
plication scenarios such as drug-impaired driving sites. To evaluate the abuse of new benzodiaze-
pines, this paper proposes a method for the determination of 18 new benzodiazepines in saliva based
on ultra-high performance liquid chromatography—quadrupole/orbitrap mass spectrometry (UPLC—Q/
Orbitrap HRMS). The chromatographic conditions, mass spectrometry parameters and pretreatment
methods were optimized, and the attribution of mass spectral characteristic peaks was analyzed. Sali-
va samples were treated using an acetonitrile protein precipitation method and quantified by an inter-
nal standard method under parallel reaction monitoring mode. The experimental results showed that
18 new benzodiazepines were detected within 8 min. The calibration curves for the 18 NBZs exhibited
good linearity in their respective mass concentration ranges, with correlation coefficients 0. 999 0.
The limits of detection ranged from 0. 009 to 0. 36 ng/mL, and the limits of quantitation ranged from
0.03 to 1. 20 ng/mL. At three spiked levels of 2, 10 and 50 ng/mL, the recoveries of 18 new benzo-
diazepines ranged from 89. 2% to 104%. The intra-day precisions ranged from 1. 1% to 8. 7%, and
the inter-day precisions ranged from 1. 6% to 9. 8%. This method offers the advantages of high speed
and high sensitivity. It can be used for qualitative and quantitative analysis of 18 new benzodiaze-

pines in saliva samples to meet relevant identification requirements, providing a reliable reference
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for the detection of such substances in saliva.
Key words: ulira-high performance liquid chromatography—quadrupole/orbitrap mass spectrometry ;

saliva; new benzodiazepines; protein precipitation method
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Fig. 1  Chromatograms of 18 new benzodiazepines and internal standard
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Table 1 Molecular formulas and MS parameters of 18 new benzodiazepines and internal standard
Theoretical ~ Actual par- M i-
t,/ Molecular for- eore 1.ca ¢ ua' L ass. L Product ion  Attribution of characteristic peak in
No. Compound . | parent ion ent ion sion (mf2) MS?
min mula m/z
(mlz) (mlz) (x107%)
1 Adinazolam 1.13  C,H,CIN, 352.13235 352.13141 -2.6695 58.06597 [(M+H)-CI-C H,N,~CH,N=NH]"
(BT ims ) 100. 112 47 [ (M+H)-Cl-C HN,]"
2 Bentazepam 1.29 C,H,N,0S 297.10561 297.10571 0.3366 166.068 50" [ (M+H)-CO-C,H,N]"
CEAPEPE) 269. 110 41 [(M+H)-CO]"
3 Remimazolam 1.51 C,H,BrN,0, 439.07642 439.07559 -1.8903 362.02817 [(M+H)-CH,]"
(i Eh ) 390.023 10 [ (M+H)-HOCH,-OH "
4 Clonazolam 1.83 C,H,,CIN,0, 35407523 354.07477 -1.2992 340.071 50’ [(M+H)-CH,]*
(Rrams ) 308. 081 70 [ (M+H)-NO,]*
5 N-Desmethylflunitrazepam 1.99 C ;H,;FN,0, 300.07790 300.077 18 -2.3994 286.074 19" [(M+H)-CH, ]
(N-Z LR 7Y ) 254. 084 26 [(M+H)-NO,]*
6 Deschloroetizolam  2.01  C.H,N,S 309.116 84 309.11621 -2.0381 255.094 54" [(M+H)-N,~C,H,]*
(LML) 280. 077 18 [ (M+H)-CH,-CH, ]*
7 Fluclotizolam 2.06 CH,CIFN,S 333.037 15 333.03668 —-1.4113 298.068 02" [(M+H)-C1]*
279.015 51 [(M+H)-N,-C,H,]"
8 Flualprazolam 2.12 CH,CIFN, 327.08073 327.08038 ~-1.0701 292.11130° [(M+H)-C1]*
(IR BT ) 299. 061 49 [(M+H)-N,J*
9 Flubromazolam 2.23 C,H_,BrFN, 371.03021 371.02972 -1.3207 292.11133" [(M+H)-Br]*
(R ) 343.010 80 [(M+H)-N,]*
10 Metizolam 2.32 CH,CINS 329.06222 329.06042 0.6078 275.04001° [(M+H)-N,-C,H,]*
(E L) 300. 022 58 [(M+H)-CH,-CH,]"
11 Bromazolam 2.48 C,H_BrN, 353.03964 353.03943 -0.5948 325.02051 [(M+H)-CH=NH]*
(B35t 274.12091 [ (M+H)-Br]"
12 Phenazolam 2.53 C,,H,BrCIN, 387.00066 387.00092 0.6718 308.081 73" [(M+H)-Br]*
ISt ) 358.981 17 [ (M+H)-CH=NH]*
13 Etizolam 2.78 C,H,CIN,S 343.07787 343.07739 -1.3991 314.03833 [(M+H)-CH,-CH, ]
() 206. 074 51 [ (M+H)-C,H,CIN]*
14 Flubromazepam 2.81 CH BrFN,0 333.00333 333.00272 -1.8318 226.089 72" [(M+H)-CO-Br]*
CRIRPE ) 183.975 37 [ (M+H)-CO-C,H,FN]*
15 Methylclonazepam 2.89 C,H,CIN,0, 330.06400 330.06424 0.7271 316.060 18" [(M+H)-CH, ]
(SR P ) 284. 070 28 [ (M+H)-NO,]"
16 Phenazepam 3.32 CjH BrCIN,0 348.973 78 348.97339 -1.1176 206.083 60 [(M+H)- CI-Br-CO]*
(GFanvE ) 183.975 40 [ (M+H)-CO-C,H,CIN]"
17 Diazepam=D, 3.62 C,HCID,N,O 290. 11030 290.10995 -1.2064 198.11955 [ (M+H)-Cl-CO-CH,=NH]*
Gt P4 #-D,) 154.041 53 [ (M+H)-CO-CN-C,D.]"
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(8% 1)
ty/ Molecular for- Theoretl.cal Acmal, pars Mass, precis Product ion  Attribution of characteristic peak in
No. Compound min mula parent ion ent ion sion (mlz) MS?
(mlz) (mlz) (x10™)

18 Diclazepam 4.39 C,H,CLN,0 319.03994 319.03943 -1.5986 154.04166°  [(M+H)-CO-CI-C,H,CIN]®

(Z SRt pa ) 227.04926 [ (M+H)-CO-CI-HCN-H,]"
19 4'-Chlorodiazepam 6.86 C,H,CLN,0 319.03994 319.03943 -1.5986 154.04161" [ (M+H)-CO-CI-C,H,CINJ*

(4503 53) 227.04919  [(M+H)-CO-CI-HCN-H,]*

*quantitative ion
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Fig. 2 Chemical structural formulas of 18 new benzodiazepines
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9. 8%.
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Table 2 Regression equations, linear ranges, correlation coefficients, LODs and LOQs of 18 new benzodiazepines

Compound Regression equation  Linear range/(ng-mL™") r LOD/(ng-mL™") LOQ/(ng-ml™")
Adinazolam ( P ¢ ) y=1.274 5x+0. 082 4 0. 05~50. 0 0.999 9 0. 009 0.03
Bentazepam (ZRA PG 7 ) y=0. 702 8x-0. 174 3 0.5~50.0 0.999 7 0.01 0. 04

Remimazolam (%ifF5m4) y=0. 350 3x-0. 311 7 0.5~50.0 0.999 0 0.36 1.20
Clonazolam (FFZ4me4>) y=0. 176 2x—0. 029 1 1.0~50.0 0.999 8 0.06 0.22
N-Desmethylflunitrazepam (N-2%FUIEGEAEPEEE)  y=0. 320 4x-0. 064 9 0.2~50.0 0.999 8 0.05 0.15
Deschloroetizolam (25 ZUKFFE £ ) ¥=0. 955 0x—0. 061 0 0.1~50.0 0.999 7 0.02 0.06
Fluclotizolam y=0. 604 6x-0. 208 6 0.5~50.0 0.999 4 0.02 0. 06
Flualprazolam (55 B84 £ ) y=0. 429 1x—0. 071 9 0.2~50.0 0.999 9 0.04 0.15
Flubromazolam (FFIRMEE) ¥=0. 318 0x-0. 199 4 0.5~50.0 0.999 2 0.05 0.16
Metizolam (25 HKEIEE) y=0. 273 5x-0. 183 9 0.5~50.0 0.999 7 0.13 0.43
Bromazolam (I F4I4) y=0. 135 7x-0. 091 6 1. 0~50.0 0.999 3 0.17 0.57
Phenazolam (ZF441:¢) y=0. 305 9x—0. 071 9 0.5~50.0 0.999 2 0.08 0.25
Etizolam (fKEFME) y=0. 416 5x-0. 108 1 0. 1~50.0 0.999 8 0.10 0.35
Flubromazepam (7R PG ) y=0. 382 9x—0. 087 1 0. 05~50. 0 0.999 1 0.02 0.05
Methylclonazepam ( F 2 GUA VG ) y=0. 578 7x-0. 273 3 0.2~50.0 0.999 5 0.03 0.10
Phenazepam (ZF44VE ) y=0. 190 3x-0. 106 6 1.0~50.0 0.999 9 0.22 0.72
4'-Chlorodiazepam (4'-Z{H1P4 ) y=0. 296 6x-0. 077 5 0.5~50.0 0.999 2 0.03 0.10
Diclazepam ( — &1 757 ) y=0. 554 9x-0. 178 7 0.2~50.0 0.999 7 0. 04 0.13

A3 ISP AR R SR B DR | H PORE S EEA H )RS5

Table 3 Recoveries, intra-day RSDs and inter-day RSDs of 18 new benzodiazepines

0,
Compound Spiked/(ng*mL™") Recovery/% Intraday (n=6) RSDM)Inter-day =3)
Adinazolam (B £ ) 2, 10, 50 98.3, 97.5, 95.2 8.3, 7.4, 5.3 8.9, 8.2, 5.8
Bentazepam (A< G ) 2, 10, 50 97.4, 104, 96.1 5.1, 4.7, 2.9 8.2, 7.7, 3.1
Remimazolam (i 31 £ ) 2, 10, 50 95.3, 93.9, 94.8 7.1, 6.3, 4.7 8.0, 7.4, 5.3
Clonazolam (Bl ) 2, 10, 50 96.2, 98.5, 94.5 8.3, 7.4, 5.3 9.0, 8.2, 5.8
N-Desmethylflunitrazepam (N-25 F ZE56UA P4 7 ) 2, 10, 50 98.3, 101, 99.6 5.4, 4.5, 3.4 7.1, 6.4, 5.3
Deschloroetizolam ( 2= @KL ) 2, 10, 50 95.3, 100, 102 6.8, 4.3, 1.1 7.1, 4.7, 2.7
Fluclotizolam 2, 10, 50 96.3, 94.4, 98.4 8.7, 6.5, 2.2 9.8, 8.0, 4.2
Flualprazolam ( F i - m-¢ ) 2, 10, 50 94.2, 95.9, 96.9 8.2, 7.5, 1.3 8.0, 7.7, 2.2
Flubromazolam ( JEL A ) 2, 10, 50 96.2, 97.5, 93.0 4.7, 3.1, 1.5 5.2, 3.8, 1.6
Metizolam ( 25 AR e ) 2, 10, 50 96.3, 98.3, 97.4 6.4, 6.0, 5.6 8.6, 8.3, 6.6
Bromazolam (M4 ) 2, 10, 50 92.5, 96.8, 94.6 5.2, 4.1, 3.5 5.3, 4.5, 4.0
Phenazolam (520 1¢ ) 2, 10, 50 96.3, 102, 101 7.3, 6.7, 2.0 9.2, 8.6, 5.4
Etizolam ({K &£ ) 2, 10, 50 89.2, 96.0, 96.8 5.2, 4.9, 3.8 7.4, 6.8, 4.2
Flubromazepam (U7 PG ) 2, 10, 50 98.2, 97.9, 101 5.1, 4.9, 3.8 7.3, 6.8, 4.2
Methylclonazepam ( F L& fi PE 7 ) 2, 10, 50 94.5, 96.8, 95.9 8.3, 6.2, 4.0 9.0, 8.9, 4.2
Phenazepam (7544 P4 2 ) 2, 10, 50 102, 97.4, 98.9 8.2, 7.9, 4.8 9.4, 9.0, 7.6
4'-Chlorodiazepam (4'-5A P ) 2, 10, 50 94.6, 99.8, 95.7 7.3, 6.4, 1.1 8.5, 7.7, 2.0
Diclazepam ( &b PG 2, 10, 50 95.3, 100, 102 7.9, 6.8, 2.9 5.7, 4.4, 3.3

2.8 EHINAA

R YT E R P IOR— 2 EA G, HBOR 2 h Az &S, REHMERZ 1 mLER,
Kt F 4 C R, 6 hEdtistail] . SRAAS 7R 0. 5 mL MG AEARFE RS, K B, e
WREEM 1. 81 ng/mL. FEWIZ A ET H T35 R0 PR R REAKR TS
3 & i

IR FE AT T MR AR 18 Rl IR R 2R Y UPLC-Q/Orbitrap HRMS [E] B %€ J7 ik . 1%
JrideR HUUE B A VE TAn AR, BRAER R OARME . R RBRR S, @A TR PR AR
) o R A K E AT, TRADN TAETAR IS RN . TR R . TR . RS
IR TR B A I R W SR A T ORI L eAh, TS T R L2 a0 i A ORE B 4
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