
����������	
���
������
�������� liquid chromatography)
tandem mass spectrometry 	-.�/��0���.1 benzodiazepines 

�45����.6���5�� 
 

Ping Xiang a,b,*, Qiran Sun a, Baohua Shen a, Peng Chen c, Wei Liu a, Min Shen a 
a Department of Forensic Toxicology, Institute of Forensic Sciences, Ministry of Justice, Shanghai Key laboratory of 
Forensic Medicine, China 
b Department of Forensic & Investigative Science, University of Central Lancashire, UK 
c Zhejiang Province Wenzhou Public Security Bureau, China 
 
����B-1C���� 
*+,-./0123-45: 
789+.1:5;<= 16 January 2010 
789+.1B4+*+.1*+CD:5;<= 26 April 2010 
F=5+.1:5;<= 28 April 2010 
==H7IHJ:5;<= xxx 
 
�D��D��.E: Segmental hair analysis, Benzodiazepines, A single dose, Liquid chromatographyLtandem mass 
spectrometry, DFC 

 

1C�.���� 
MH*+,:2NOPH benzodiazepines :*QHR4+2P<S11T=FMHB+UPV=D=4WX4B++52P<:BP<F-V9=D

B.1F4:RS/08 -0YPB4+2P<5P3-457-/T=*Z0B0+0F4[I,5P3-45O\4:S4,[I,R454+]28R=1^_\4:S;<=
B\4`H8*+054UV=D 18 benzodiazepines MHa5789+.1B4+S.bH4c8FMW9 LC-MS/MS =4R4R5.3+
R01RP<3H789B0H estazolam WH08:5f81-6 50II0B+.5 :R9Ha5]gB:Bf1 1 :8;=H`I.DO4BB4+789+.1F4 
2._D`585PRT-H*+,B=1V=D proximal ĥ<DM 9̀aI1-BB.1 estazolam F.D5P*+054U:S0<5Vh_H/45
*+054UF42P<M`9 estazolam R454+]/+-OS1MHRT-HV=D:R9Ha5 2-4 ^5.MHag928I=D [5914D3H2P<
5P3-45F4-:R9Ha5 4-6 ^5. 2P<M`9aI:*QH1-B B4+-0:3+4,`Ja5789H\47*MW9B.138P=4X4O+0DR=D38P 
/.-=FT4D:R9Ha5:/f53-45F4-]gB:Bf1 5 R.*84`J`I.DO4BB+,2\43-453-45a08]gB/.8:*QHRT-H 2 
^5. O4B+4Ba5 789]gBH\454-0:3+4,`J[I,`4*+054U +,8.13-45:V95V9HV=D clonazepam -.8MH
R=DRT-H[+BR\4`+.1 V#1  [I, V#2 3;= 15.47 [I, 11.93 pg / mg /45I\48.1 =FT4D7+Bf/452._D
RT-H 4-6 ^5. [I,RT-H 6-8 ^5. V=D V#1 F.D3DM 9̀aI1-BMHVU,2P< V#2 M`9aII1 5.HO\4:*QH=FT4D
54B2P<O,/9=D5P/.-WP_-.8:S;<=MW9MHB4+-0:3+4,`Ja5:*QHRT-HqMH24D=4WX4B++52P<:BP<F-V9=DB.1F4
:RS/08          _ 2010 Elsevier Ireland Ltd.I0VR02Y0t]gB/9=D 



1. 1C
D� 
 

=4WX4B++5894HF4:R/08 (DFC) :*QH*wX`4M`XTMH*+,:2NOPH RT-HM`XT:B08Vh_HB+UP2P<5P
B4+cO+B++5:B08Vh_H H=BO4BHP_B4+]gB2\4+94F24D:SNVU,:54RC+4[I,F4:RS/08 (DFSA) 5P
+4FD4H54BVh_H MH*+,:2NOPH benzodiazepines :*QHR4+2P<S11T=FMHB+UPV=DB4+:*QHR4:`/C
=4WX4B++5894HF4:RS/08 

Benzodiazepines S154B[I,1T=F2P<RC8MHF4BIT=5*+,R42[I,F4H=H`I.1+-5]hDF4
:RS/082.<-cIBOhDR454+]`4789=FT4D[S+T`I4F2.<-cIB *Z0B0+0F4`I.B894H:xR.WN4R/+J3;=RTDaIWT-F
M 9̀̀ I.1, [B997V=4B4+/;<H :/99H, 3I4FBI945:H;_=[I,[B97V=4B4+W.B aI Benzodiazepines =4O2\4
M 9̀:B08B4+RgX:RPF3-45R454+]MHB4++.1+g9 *+054UB4++.By4O,5P3-45:RP<FD:S0<5Vh_H2P<*+054UF4
RgDVh_H 

:I;=8[I,*wRR4-,:*QH/.-=FT4D2.<-7*R\4`+.1B4+/+-O`4*+054UB4++.1F4 MHB+UPRT-H
M`XT:S+4,3-45O\4:R;<=5:B08O4BF4:RS/08O,5PRgD]hD 24-72 W.<-c5D`+;=H4HB-T4H._H+,`-T4D
+4FD4HV=D:`F;<=[I,B4+FT=FV=DF4 H=BO4BHP_F42P<MW9R454+]]gB/+-OS1789F4B:S+4,O,5P
VH48V=D+,8.1F4/<\4`+;=R4+:35P2P<MW9D4H=FgT75T[HTH=H F414DWH08RI4F=FT4D+-8:+f-O4B
V=D:`I-MH+T4DB4F 8.DH._HMHB+UP:WTH:I;=8[I,[59[/T/.-=FT4D*wRR4-,1T=F3+._D]gBO\4B.8MH894H
MHB4+/+-OR=1R]4H,F4 :S;<=F;8+,F,:-I4B4+/+-O-0:3+4,`J a5789+.1B4+S0RgOHJ[I9--T4
R454+]]gBH\454MW9MHB4+[B9*wX`4HP_789 MH3-45:*QHO+0D[I9-B4+*+,B4NMHB+UPV=DB4+]gB2\4
+94F24D:SNVU,:54RC+4[I,F4:RS/08[R8DM 9̀: f̀H*+,cFWHJV=DB4+-0:3+4,`Ja5MH:=BR4+
`I.Bz4H2P<5PRT-H:BP<F-V9=DB.1F4:RS/08 / S0y 

R4V4-0W45P3-45B94-`H94MHB4+/+-OR=1 benzodiazepines `+;=R4+2P<==B{2Y0t2\4M`9
DT-D^h5MH:R9Ha5/T=7*HP_VH48:8PF-:*QHaIO4BB4+MW9 liquid chromatography (LC) 3gTB.1 MS / 
MS MH`9=D*Z01./0B4+24DH0/0-02F4N4R/+J Kintz [I,:S;<=H+T-5D4H789:`fHWC8:=BR4++-52._DB4+
/+-O2.<-7*[I,-0YPB4+:|S4, R\4`+.1 bromazepam, zolpidem, zopiclone [I, alprazolam :V4
[H,H\4M`9/.8:R9HMF==B:*QHR45BICT5qI, 2 ^5. :S;<= 2P<O,MW9:*QH:=BR4+B+UPB4+]gB2\4+94F24D
:SNVU,:54RC+4[I,F4:RS/08 B4+/+-OR=1F4WH08:8PF-:S;<=O,F;HF.HR]4H,V=DF4MHW0_HRT-H
MBI9:3PFD(+4Ba5) ^h<D75T5PB4+/+-OR=1MHRT-H=;<H q  

MHB+=1V=DB4+28I=DV=DB4+O.8:/+PF5 ''V._H/=HB4+-0:3+4, J̀'' :*QHV._H/=H/45
3\4[H,H\42P<:*~4`54FV=D:+43;=B4+MW9-0YP LC-MS/MS /+-OR=1:S;<=F;HF.H+,8.1*+054U 18 
benzodiazepines MH:R9Ha5[I,MW9-0YPB4+S.bH4-0YPB4+/+-OR=1+,8.1V=D benzodiazepine 



MHBICT5:R9Ha5V=D (i) =4R4R5.3+2P<5PRCVx4S8P̀ I.DO4B789+.1 estazolam :SPFD=FT4D:8PF-[I, (ii) 
ag92P</B:*QH:`F;<==4WX4B++52._DR=DBICT5 
 
2. �IJ��K
L-���M5���C�-�� 
 
2.1. R4+:35P[I,R4+/._D/9H 

Alprazolam, a-hydroxyalprazolam, midazolam, a-hydroxymidazolam, triazolam, 
a-hydroxytriazolam, estazolam, diazepam, nordiazepam, temazepam, oxazepam, 
clonazepam, 7-aminoclonazepam, flunitrazepam,7-aminoflunitrazepam, nitrazepam, 7-
amnionitrazepam, flurazepam [I, diazepam-d5 ^;_=O4B Cerilliant (Round Rock, :2fB^.R, 
=:5+0B4) [I,R]41.H-0O.F:S;<=B4+3-13C5F4[I,aI0/x.U�J2P<:BP<F-B.1WP--02F4 (*wBB0<D, OPH) 
Acetonitrile, methanol, [=5c5:HPF[I,B+8H\454O4B Fluka Chemical O\4B.8 (Buchs, 
R-0/:^=+J[IH8J) H_\4F4=;<H q 2P<789H\454MW9-0:3+4,`J[I,75T789H\454:/05R4+=;<HID7* H_\4BI.<H1+0RC2Y0t
c8FMW9+,11 Milli-Q (Millipore, MA, USA) 

 

 
 
2.2. B4+:Bf1/.-=FT4D 
 
2.2.1. =4R4R5.3+RCVx4S8P 

=4R4R5.3+RCVx4S8PR01RP<3H (=4FC 23-27 *�) 789+.13.8:I;=B:V94:S;<=MW9NhBy4 ag928I=D/B
IDMHB4+:V94+T-5:*QHRT-H`Hh<DV=DB4+NhBy428I=D24D3-45F0HF=589-F3\4Sg8 c*+c/3=I
2._D`58789+.1=HC5./0O4B3U,B++5B4+/+-OR=1R]41.H V9=5gI:1;_=D`I.D789]gB:Bf1+-1+-5O4B



/.-=FT4D:WTH3-45]P<MHB4+I94Da5[I,WH08V=DaI0/x.U�J:3+;<=DR\4=4D2P<MW9B.1:R9Ha5 ag928I=D
RT-HM`XT5Pa5RP8\4/+DFB:-9HR\4`+.1ag9̀ X0D`Hh<D3H2P<5Pa58.8 

/.-=FT4D:I;=82P<789+.1BT=H[I,`I.D2P< 1-8 W.<-c5D`I.DO4B789+.1 estazolam 24D*4B=FT4D
:8PF- (1 mg/tablet) 5P*+054U+,8.1R4+=FgT+,`-T4D 1-6 mg 2P<]gBH\454MW9MHB4+NhBy4 

:R9Ha5]gB:Bf1 1 :8;=H`I.DO4BB4+:Bf1V9=5gI :R9Ha5*+,54U 100 :R9H]gB/.8O4BOC8F=8
MBI9:3PFD`H.DNP+y,2P<RC8:2T42P<:*QH7*789, a52P<:S0<DD=B, [I,:Bf17-9MH]CDB+,84yR,=48MH
=CU`xg50 9̀=D 
 
2.2.2. B+UPB4+]gB2\4+94F24D:SNVU,:54RC+4[I,F4:RS/08 

:8fBag9`X0DR=D3H (V#1 and V#2) 789+.1:W0XM 9̀+.1*+,24H=4`4+-T4D:-I4BI4D3;H 
`I.DO4B8;<5 :3+;<=D8;<52P<S-B:V475T789R/0 :5;<=S-B:V4/;<HVh_HBf/+,`H.B-T4S-B:V4]gBVT5V;H[I,7*
S1/\4+-O 18 W.<-c5Dx4F`I.D 2P<`HT-FB�`54F[S2FJV=Dc+DSF414I:Bf1/.-=FT4D:I;=82P<S1 
clonazepam [I, 7-amino clonazepam MH:R9Ha5 
 
2.3. B4+O.8:/+PF5/.-=FT4D 
 
2.3.1. /.-=FT4D:R9Ha5 

:R9Ha5]gB/.8[1TD[I,I94DR=D3+._D89-F89-F783I=c+5P:2H 5 ml I94D3+._DRC8294F]gB:Bf17-9
R\4`+.1B4+-0:3+4, J̀/T=7* `I.DO4B2P</4BMH=4B4NM`9[`9D^h<D]gB/.8:*QHW0_H:IfB q VH48*+,54U 3 
50II0:5/+[I,2\4M 9̀:*QHaDMHc+DD4H[WT[VfD (Freezer/Mill, SPEX CertiPrep) aD:R9Ha5 20 mg 
]gB2\4M`9:^IIJ[/BMH=T4D=.I/+4c^H032P<5P�=R:�/1.�:�=+J 1 ml, pH 8.4, 1 W.<-c5D2P<=CU`xg50 9̀=D
MH2P<2P<5P diazepam-d5 0.4 ng :*QH54/+z4Hx4FMH (IS) V=D:`I-2P<789O4BB4+RB.889-F 3 ml 
V=D783I=c+5P:2H `I.DO4BB4++,:`FB.1/.-2\4I,I4F2P< 60 °C RT-H2P<:`I;=789]gBaR5M`5TB.1 
100 ml V=D Acetonitrile - 20 mM ammonium acetate (70:30, v / v) [I, 5 ml ]gB|P8:V94+,11 
LC-MS/MS 

 



 
 
 
�BJN.���������OP�� LC-MS/MS 
 

 
 
 



2.3.2. /.-=FT4D:I;=8 
V._H/=HB4+RB.8789:`5;=HB.12P<:3F+4FD4H7-9BT=H`H94HP_ /.-=FT4D:I;=8 1 ml,10 ng 

diazepam - D5 (IS) [I, 2 ml V=D sodium borate buffer, pH 9.2 ]gB:S0<5:V947* V=D:`I-2P<
RB.8789]gBH\454aR5B.1 3 ml V=D diethyl ether `I.DO4BB4++,:`F/.-2\4I,I4F2P< 60 °C RT-H2P<
:`I;=789]gBaR5M`5TB.1 100 ml V=D Acetonitrile - 20 mM ammonium acetate (70:30, v / v) 
[I, 5 ml ]gB|P8:V94+,11 LC-MS/MS 

 
2.4. B4+O.8:/+PF5:3+;<=D5;= 

+,11 liquid chromatographyLtandem mass spectrometry (LCLMS/MS) 
*+,B=189-F Agilent HPLC (Palo Alto, CA, USA) +-52._D*w�52._DRP<, =C*B+UJMHB4+B\4O.8
�=D=4B4NMHR4+I,I4F==H7IHJ[I,+,11RTD:I;=8:V94:3+;<=D=./cH5./0, MDS Sciex API 4000 
triple quadrupole mass spectrometer (Applied Biosystems, Foster City, CA, USA) WC8
-0:3+4,`J 1.4.2 ^=�/J[-+J2P<MW9MHB4+3-13C5:3+;<=D5;=[I,:Bf1V9=5gI 

3=I.5HJ-0:3+4, J̀:*QH3=I.5HJ Resteck Allure PFP Propyl ((100 mm x 2.1 mm i.d., 5 
µm) /08/._D89-F3=I.5HJ end-capped C18 guard (12.5 mm x 2.1 mm id, 5 µm) 2P<=CU`xg50 9̀=D 
/45-0YPB4+V=D Villain, LC mobile phase gradient (8g/4+4D 1 *+,B=1) c8FMW93-45I,:=PF8
V=DB4+-0:34, J̀ =./+4B4+7`I +-5aT4H3=I.5HJ:*QH 200 5I. / H42P 

:3+;<=D5;=789]gB8\4:H0HB4+MHc`587===H1-B aI2P<8P2P<RC83;=2P<[+D8.H7��~4 ionspray 5 
kV [I,[`ITD=CU`xg502P<  500 °C B�4^ CAD (7Hc/+:OH) 2P< 7 psi, B�4^ CUR 2P< 25 psi [I,2._D 
GS1 [I, GS2 2P< 35 psi V9=5gI]gB1.H2hBMHc`58B4+/+-OR=1*Z0B0+0F4`I4F3+._D (MRM) 
Parent ions R=83I9=DB.HB.1 daughter ions, /45:-I42P</._D7-9, 3-45:*QH7*789MHB4+[/B/.-
==BO4BBICT5B9=H (DP) [I,SI.DD4HV=DB4+WH (CE) 2P<:`54,R\4`+.1B4+-0:3+4,`J[I,B4+2\4 
standard O,[R8DMH/4+4D2P< 2 B4+:*IP<FH[*ID3+._D[+B]gBMW9MHB4+-.8*+054U 





2.5. -0YPB4+/+-OR=1 
-0YPB4+3;=B4+/+-OR=1/453\4[H,H\4c8F Peters [I,W4-3U, Standard curves 

:2PF1:*QHO+0D789c8FB4+:/+PF5aD:R9Ha5:SPFD=FT4D:8PF- (20 mg) 2P<5P 0.5, 1, 2, 5, 10, 20, 50, 
100, 200 [I, 500 pg / mg aR5B.1 18 benzodiazepines 

3-45]gB/9=D[I,[5THF\4789]gB/+-OR=1c8FMW9aDa5:*QH blank 2P<*+,B=189-F 18 
R4+*+,B=1MH*+054U3-45:V95V9H/<\4, BI4D[I,RgD:5;<=:2PF1B.1WT-DR=1:2PF1 [5THF\4x4FMH
-.H2P<B\4`H8c8F assaying `B/.-=FT4Da5789]gB[2D2P<+,8.13-45:V95V9HV=D[/TI,-.H:8PF-B.H[I,
3-45[5THF\4 MH[/TI,-.H3-45[5THF\4789]gB/+-OR=1c8FB4+-0:3+4, J̀:R9Ha5 6 :R9HMH[/TI,
+,8.13-45:V95V9HMH-.H:8PF-B.H[I,MH+,`-T4D-.H3-45[5THF\4789]gB/+-OR=1c8FB4+-0:3+4, J̀
^_\42CBq 4 -.H 

B4+3;HRgTRx4S:805789]gBB\4`H8Vh_H2P<+,8.13-45:V95V9H/<\4,BI4D[I,+,8.1RgDc8F
:*+PF1:2PF1-0:3+4,`JS;_H2P<OC8RgDRC8MHB4+-0:3+4, J̀V=DR4+RB.8/.-=FT4D2P<789 (n = 6) 89-F/.-=FT4D 
blank 2P<789-0:3+4,`J7*MH24D:8PF-B.H`I.DO4BB4+RB.8 (n = 6) 

:S;<=NhBy43-457-V=DB4+:B08*Z0B0+0F4[I,3-45:*QH7*789V=DR0<D+1B-HMHB4+28I=D,  
[`ITD2P<54 10 [`ITDV=DaDa5R\4`+.1B4+-0:3+4, J̀ 

O\4B.8B4+/+-OR=1 (LOD) 789*+,:50HaI89-FB4+I83-45:V95V9HV=DR4+MHaDa5 18 
WH08MHaDa5 blank OHB+,2.<D:2PF1:2T4B.1B4+/=1RH=DR453+._DS1B4+:*IP<FH[*IDR=D3+._D 
B4+O\4B.8*+054U (LOQ) 789]gBB\4`H8M 9̀:*QH3-45:V95V9H/<\4RC8MH:R9Hc39DR=1:2PF1[I,B4+
/=1RH=D8PB-T42._D 10 3+._D 

Matrix effects (ME) :*QHB4+]gB*+,:50Hc8F-0YPB4+V=D Matuszewski [I,3U, 
R.XX4UB4+-0:3+4,`JMH:�R:3I;<=H2P< (n = 6) :5;<=:*+PF1:2PF1B.1R.XX4UB4+-0:3+4, J̀MH 
matrix :R+05`I.DO4BB4+RB.8 (n = 6) [I, ME 789B\4`H8:*QH ME% = (extracted matrix 
area/mobile phase area) x100 
 
3. �-���C�-�� 
 
3.1. -0YPB4+/+-OR=1 

B4+:I;=B-0YPB4+28I=D789+.1B4+F;HF.Hc8F75T5PB4++1B-HMHOC8RgDRC82P<O\4H-H3+._D2P<
B\4`H87-9R\4`+.1 18 benzodiazepines MH blank aDa5 chromatograms ion V=D blank :R9H
a52P<789-0:3+4, J̀[I,54/+z4Hx4FMH2P<+,8.1/<\4RC8V=DB4+R=1:2PF1O,[R8DMH+g* 1 



Calibration curves 789]gB2\4:S;<=[/TI,R4+*+,B=1R\4`+.1WT-D3-45:V95V9H2P<[R8DMH
/4+4D2P< 3 [/TI, LOD =FgT+,`-T4D 0.2-5 pg / mg (/4+4D2P< 3) B4+7-/T=*Z0+0F4HP_:SPFDS=R\4`+.1
B4+28R=1V=D:R9Ha5`I.DO4BMW9 benzodiazepines MH*+054U:8PF- 

 

 
 

V9=5gI2P<5P3-45]gB/9=D[I,[5THF\4 (/4+4D2P< 4) 789]gBB\4`H8MHWT-D2P<F=5+.1789 3-45
[5THF\4MH[/TI,-.H[I,+,`-T4D-.HH9=FB-T4 20% B4+3;HRgTRx4S:805789O4B/.-=FT4D2P<5P3T4/._D[/T 
38% ]hD 104% [59-T4B4+3;HRgTRx4S:805V=D 7-aminonitrazepam [I, 7-amnioclonazepam 5P
3T4/<\4B-T4 50%, -0YPB4+[R8DM`9:`fH-T43-45]gB/9=D[I,3-45[5THF\4R454+]F=5+.1789R\4`+.12._D 
2 R4+ aI[R8DMH/4+4D2P< 4 [R8DM`9:`fH-T4 hair matrix 2\4M`9 ionsuppression 5PH.FR\43.X[I,
5P=02Y0SI/T= benzodiazepines [/T:H;<=DO4B:+4MW9 diazepam - d5 :*QH54/+z4Hx4FMH, 2P<5PaI 
ion-suppression 75T5PH.FR\43.X/T=3-45]gB/9=DV=DaIB4+28I=D 

 



 
 
3.2. B4+28R=1MH=4R4R5.3+ 

estazolam *+054U 1-2 mg :SPFD=FT4D:8PF-75T7895PaI/T=S{/0B++5V=D=4R4R5.3+ ag92P<
789+.1 4 mg `+;=54BB-T4 4 mg V=D estazolam S{/0B++5*+4BZW.8:OHMHWT-D3+h<DW.<-c5D/T=54 
S-B:V45P*Z0B0+0F4W94ID [VHV4=T=H[+D[I,DT-DH=H /+-O:I;=8S-B:V4S13-45:V95V9H 
estazolam *+054U 20 ng / ml 1 W.<-c5D`I.DO4B2P<789+.1R4+ /4+4D+,`-T4D3-45:V95V9HB.1:-I4
MH/.-=FT4D:I;=8V=D=4R4R5.3+789H\4:RH=:*QH+g*2P< 2 

 



 
 

:R9Ha5V=D=4R4R5.3+ 14 +4F2P<789+.1B4+28R=1c8F789+.1 estazolam VH48:8PF- ^h<D
B\4O.8B4+*H:*��=H, B4+/.8[1TD, B4+-0:3+4,`J[I,B4+`4*+054U aI[R8DMH/4+4D2P< 5 
estazolam VH48 1 mg :SPFD=FT4D:8PF-R454+]/+-OS1MHa5`I.DO4B`Hh<D:8;=H 8.D+g*2P< 3 
[R8D3-45R.5S.HYJ+,`-T4D*+054U[I,3-45:V95V9H+,`-T4DRT-H/T4Dq 0-2 ^5. (r = 0.766) c8F5P
3T4[*+*+-H[31R\4`+.1=4R4R5.3+2P<789+.1*+054UR4+:8PF-B.H (H9=FB-T4 40%) 2._D`585PRT-H
MBI9:3PFDB.H^h<DM`9aI1-BR\4`+.1 estazolam 2P<5P*+054U:S0<5Vh_H estazolam R454+]/+-OS1MH
=4R4R5.3+2P<RT-HV=D:R9Ha5VH48 2-4 ^5. MH:+;<=DV=Da514D 75T:-9H[/TRT-HV=D:R9Ha52P<5PVH48 
4-6 ^5. O,M`9aI:*QH1-B 

 

 
 
3.3. B+UPB4+]gB2\4+94F24D:SNVU,:54RC+4[I,F4:RS/08 



Clonazepam [I,R4+`I.BV=DaI0/aIV=DB+,1-HB4+R.H84* 7-aminoclonazepam 
/+-OS1MH2._DR=D/.-=FT4D:I;=8O4BR=Dag9*+,R1x.F 3-45:V95V9HV=D:I;=8V=D clonazepam 
[I, 7-aminoclonazepam R\4`+.1 V # 1 3;= 1.05 [I, 20.60 ng / 50II0I0/+/45I\48.1 :V95V9H
R\4`+.1 V # 2 789 0.22 [I, 15.34 ng / 50II0I0/+/45I\48.1 

/.-=FT4D:R9Ha5:/f53-45F4-:Bf1 5 R.*84 J̀`I.DO4B3-45a08:B08Vh_H]gB/.8:*QHRT-H 2 ^5. 
O4B+4Ba5-0:3+4,`J[I,`4*+054U +g*2P< 4 [I, 5 [R8D chromatograms V=DRT-HMBI9:3PFD (0-2 
^5. ) V=D V#1  [I, V#2aI[R8DMH/4+4D2P< 6 

 



 
 

 
 
R=DRT-H[+BR\4`+.1 V#1 [I, V#2  5P2._DM 9̀aI1-BR\4`+.1 clonazepam (15.47 pg / mg 

R\4`+.1RT-H[+B[I, 5.31 pg / mg R\4`+.1RT-H2P<R=DV=D V # 1; 11.93 pg / mg R\4`+.1RT-H[+B
[I, 1.31 pg / mg R\4`+.1RT-H2P<R=DV=D V # 2) H=BO4BHP_ 7-aminoclonazepam =4OO,S1MH
BICT5[+B (:WTH 0-2 ^5. ) R\4`+.1:`F;<=2._DR=D5P3-45:V95V9H 45.30 pg / mg (V # 1) [I, 33.47 



pg / mg (V # 2) ^h<D5P3-45:V95V9HRgDB-T4:*+PF1:2PF1B.1 +,8.1B4+ clonazepam S1 2._D 4-6 ^5. 
[I,RT-H ^5. 6-8 V=D V1 # F.D3DM 9̀aI1-BMHVU,2P<ag9 V # 2 M`9aII1 

:S;<=*+.1[/TD*+.1+g* clonazepam MHa5 /.-=FT4Da5 V # 1 789]gB/.8==B:*QHRT-HqI, 
0.5 ^5. 8.D[R8DMH+g* 6 B4+[1TDRT-HS1*+054U clonazepam RgDVh_H 2P< 0.5-1 ^5. /455489-F 
1-1.5 ^5. R\4`+.1 7-aminoclonazepam, 3-45:V95V9HRgDS1789MHRT-H2P<R=83I9=DB.13-45F4- 
0-0.5 [I, 0.5-1 ^5. 

 
 
4. �U�J����- 
 

-0YP LC-MS/MS ]gBS.bH4Vh_HS+9=5B.HB.1B4+/+-O-.8 18 benzodiazepines MH/.-=FT4D
:R9Ha5R454+]VF4FWT-DB4+/+-OMH=4WX4B++5894HF4:R/08 ^h<D5P3-457-RgD 5.H:*QH-0YPB4+
28R=12P<5P*+,cFWHJ:S;<=F;HF.HB4+/08/45 *+054UV=D benzodiazepines MH:R9Ha5`I.DO4B
789+.1R4+:SPFD=FT4D:8PF- 

Benzodiazepines :*QHF42P<S11T=F2P<RC8MH=4WX4B++5894HF4:R/08 Triazolam :*QH2P<
H0F554B2P<RC8MH`I4F*�2P<aT4H54MH*+,:2NOPH^h<DH\47*RgT*wX`4R.D352P<+CH[+D 8.DH._HMH*� 2005 
triazolam 789+.1B4+O82,:1PFHc8FR\4H.BD4H=4`4+[I,F4 (SFDA) M 9̀=FgTMH+,8.12P< 1:*QHF42P<
RTDaI/T=B4+:Of1*�-F24DO0/ ^h<D/9=D789+.1B4+B4+3-13C5:V95D-8MHB4+aI0/B4+V4F[I,B4+
1+0cx3 MHVU,2P<38P2P<:BP<F-V9=DB.1 triazolam 789I8ID=FT4D54B, benzodiazepines =;<H q 789]gB



:V9454[2H Estazolam :*QHF4WH08 benzodiazepine 2P<MW9RT-HM`XTMH*+,:2NOPHMHB4++.By4
=4B4+H=H75T`I.1 ĥ<D5P3CUR51./0WT-F3I4FB.D-I, F4B.HW.B, F4BIT=5*+,R42[I,3I4F
BI945:H;_= 8.D[R8DMH14DB+UPM 9̀5P3-45:*QH7*78954BB-T4 nitrazepam `+;= diazepam MH2P<RC8
B4+NhBy4 MH estazolam 54O4B*+,:2NMH:=:WPF5P+4FD4HH9=FB-T4O4B*+,:2N/,-.H/B 

=4R4R5.3+14 +4F5PRT-H+T-5MHB4+28I=D estazolam 3-45+g9O4BB4+NhBy4HP_:*QH3+._D
[+B:S;<=NhBy4B4+B+,O4FV=D estazolam MH:R9Ha5`I.D789+.1R4+:SPFD=FT4D:8PF- B4+NhBy4BT=H
`H94:=BR4+/T4DqV=DB4+/+-OR=1 zolpidem, zopiclone, bromazepam, clonazepam [I, 
lorazepam MHa5[I,`I.DO4B789+.1R4+:SPFD=FT4D:8PF-O4B=4R4R5.3+ 2 `+;= 3 +4F Negrusz 
[I,3U,/+-OR=1 flunitrazepam [I,R4+`I.B2P<789O4BB4+R.H84* 7-aminoflunitrazepam MH
:R9Ha5:Bf1O4B=4R4R5.3+RCVx4S8PR01+4F`I.DO4B2P<789+.1F4 Rohypnol1 VH48 2 mg :SPFD
=FT4D:8PF-  

V9=5gI:BP<F-B.1*+054U3-452H24HV=DR4+2P<:BP<F-V9=DB.13-457-/T=*Z0B0+0F4V=D-0YPB4+
2P<R454+]MW9M`9:B08*+,cFWHJMHB4+[*IaIB4+-0:3+4, J̀V=D:R9Ha5 B.1 LOD 0.2 pg / mg [I, 
LOQ 0.5 pg / mg -0YPV=D:+43;=B4+[R8D:S;<=M`9R454+]/+-OO.1 estazolam 1 mg :SPFD=FT4D
:8PF-`I.DO4B`Hh<D:8;=H 

BI7B*Z0B0+0F4V=DF4B4+B4++-5/.-B.HMH:R9Ha575T789+.1B4+2\4M`9:*QH2P<F=5+.1 +g*[11
2._DR45V=DB4++-5/.-B.H789+.1B4+:RH= F4:RS/08R454+]:V94aT4H7*F.D:R9Ha5c8F (1) [S+T[11 
active `+;= passive O4BB+,[R:I;=8c8F24D*C�5V=D:R9Ha5 (2) B4+[S+TO4B:`D;<=[I,/T=5R4+
3.8`I.<D=;<H q 2P<:O+0X:/01c/Vh_H`+;=:R9HMFa52P<:O+0X:/01c/:/f52P< `+;= (3) F4x4FH=BO4B7=`+;=
aD[S+T7*F.D:R9HMFa52P<:O+0X:/01c/:/f52P< [29O+0DB4++-5B.HV=D:R9H24D:`IT4HP_HT4O,5P3-45
:*QH7*78954B2P<RC8 estazolam 75TS1MHB4+I94D89-F783I=c+5P:2HMHH_\4RC8294F 89-FB4+28R=1
89-F3\4Sg8[I,V._H/=HB4+I94D:*QH*wOO.FB4+*H:*��=HO4Bx4FH=BMHB4+NhBy43+._DHP_ 
 FB:-9HR4+*+054U/<\4 RT-Ha5 2-4 ^5. 789]gB28R=1-T4M`9aI1-B2._DMHB4+28R=1
3-13C5[I,B+UPB4+]gB2\4+94F24D:SNVU,:54RC+4[I,F4:RS/08 :5;<=*+054UR4+:S0<5Vh_H 
estazolam R454+]/+-OS1MH14DBICT5 4-6 ^5. 5P3-45[/B/T4D=FT4D5PH.FR\43.XMH+,`-T4D2P< 
Kintz [I,3U,2\4B4+`4aIB4+28I=D [/TB4+28I=Da08SI48:WTHB4+:Bf1+-1+-5[I,B4+/.8
[1TD:*QHRT-HqMH/.-=FT4D:R9Ha5O,:*QH*wOO.F=FT4D`Hh<D aIB4+28I=D2P<789/45I\48.13;=RT-H2P</.8
3-45F4- 0.5 cm 7*OH]hD 2 cm H=BO4BHP_F.D5PB4+:S0<5Vh_HV=D clonazepam [I,3-45:V95V9H
V=D 7-aminoclonazepam 2P<R=83I9=DB.H/45+,F,:-I4=./+4B4+:O+0X:/01c/V=D:R9Ha5
/45*B/0 8.DH._H:+4OhD:W;<=-T4V9=5gI`I4FRT-H2P<H\4:RH=V94D/9H:W;<=];=MH2._D`58 



MHB+UPB4+]gB2\4+94F24D:SNVU,:54RC+4[I,F4:RS/08V=D:+4S1/.-=FT4D:I;=82P< 
clonazepam 3-45:V95V9H/<\43;= 1.05 [I, 0.22 ng / ml, 3-45:V95V9HV=D 7-
aminoclonazepam 5P 20.60 [I, 15.34 ng / ml /45I\48.1:H;<=DO4B5P3-45IT4W947* 18 W.<-c5D
[I,3-45[/B/T4D[/TI,1C33IMHB4+R.H84*=4`4+ [59-T4*+054UB4+M`9F4F.D75T2+41 5P=4B4+
:*QHS0y2P<R\43.XR\4`+.1:`F;<=2._DR=D S-B:V45P=4B4+c35T4`I.DO4B8;<5 :WTHB+UP:5;<= V # 1 ]gB
H\47*F.DR]4H2P<=FgT=4N.Fc8FRDR.F-T4V4V94D`Hh<DV=D:Y=]gB:a4=FT4D+CH[+DO4B2T=V=D
+]O.B+F4HFH/Jc8F75T2+41R4:`/C RT-HV=D:R9Ha5V=D V # 13-45F4- 0-2 ^5. M`9aI:*QH1-B
V=D clonazepam 2P<+,8.1 15.47 pg / mg [I, 7-aminoclonazepam 2P<+,8.1 45.30 pg / mg 
MHVU,:8PF-B.H V # 2 =FgT2P<+,8.1 11.93 pg / mg R\4`+.1 clonazepam [I, 33.47 pg / mg 
R\4`+.1 7 - aminoclonazepam  R4+ clonazepam 2._DR=DR454+]/+-OS1MHD4H-0O.F Che`ze 
[I,3U,+4FD4HB4+7-/T=B4+:B08*Z0B0+0F4c8FMW9 LC-MS/MS 2P<R\43.X89-F LOD 0.5 pg / mg 
R\4`+.1 clonazepam [I, 1 pg / mg R\4`+.1 7-aminoclonazepam `I.DO4B789+.1 
clonazepam 2 mg :SPFD=FT4D:8PF- , 7- aminoclonazepam ]gBH\4:RH=MHa5aD2P< 22 pg / mg 
MHRT-H[+B 1 ^5. MHVU,2P< clonazepam 75T]gB/+-OS1 -0YPHP_MW9789MHB+UP2P<H0/0:-W`Hh<D2P<S1
:|S4, 7- aminoclonazepam 2P<*+054U=FT4DH9=F 3.2 pg / mg MHa5RT-H axillary 4 :8;=H
/T=54 aI[/B/T4DB.H=4OVh_H=FgTB.13-45[/B/T4DV=D[/TI,1C33IMH*+054U3-45:V95V9H:I;=8, 
=./+4B4++-5/.-B.HV=DF4, RPa5, Rx4S894HB4Fx4SV=Da5, =4FC, :SN, H_\4`H.B :*QH/9H 

3\4=Y014FR\4`+.1B4+VF4F-DV=Da52P<M`9aI1-BO4B*+054U`Hh<DBf3;=-T4F4:RS/08[I,
R4+2P<+-5=FgTMH/.-V=Da5MH+,`-T4D:R9Ha5aT4Hc8FB4+[S+TO4B:`D;<=`+;=R4+`I.<D=;<Hq 
Henderson [I,3U,+4FD4H-T4 deuterated c3:3H]gBS1MH`I4FRT-H`I.DO4B789+.1R4+:SPFD
=FT4D:8PF- +-52._D:`D;<=`+;=R4+3.8`I.<D=;<H q :*QH:R9H24DR\4`+.1B4+R,R5F4MH:R9Ha5 Raul [I,
3U,:RH=-T4 cortisol [I, cortisone +-5/.-B.H7*F.D:R9Ha575TaT4HB+,[R:I;=8 [/TRT-HM`XTaT4H
B4+[S+TO4B:`D;<= ag92P<B\4F\4I<\4R.H[I,ag92P<5P3-45:RPFMO789+.1B4+*+,:50HB4++-5/.-B.HV=Dc3:3H, 
flunitrazepam [I,H0c3/0H[I,[R8DM 9̀: f̀HR,R5V=DF4:RS/08:IfBH9=F7*F.D:R9Ha5O4B/T=5
:`D;<= Negrusz [I,3U,S1-T4 7- aminoflunitrazepam ]gB/-OS1 24 W.<-c5D`I.DB4+789+.1 
flunitrazepam [I,F.D3D=FgTMHa5/I=8OHB+,2.<D 28 -.HMH+,F,:-I42\4B4+28I=D (0.6-8.0 pg 
mg /) V=D 9̀4MHR01V=D=4R4R5.3+ [/TB4+NhBy42P<MW9 NCI - MS 2P<O+0D Kintz [I,:S;<=H+T-5D4H789
S1B+UP8.DBIT4- MHB+UPB4+]gB2\4+94F24D:SNVU,:54RC+4[I,F4:RS/08S-B:V4S1 
bromazepam, :*~4`54F-0:3+4,`J�MHWT-D 2-7 pg / mg MHRP<RT-H/T=:H;<=DB.H� ^h<D2P<789+.1 ''B4+
:B08Vh_HV=DR4+:SPFDWH08:8PF-^h<D:*QHB4+F4B '' S-B:V4];=-T4aI5.H=4O:B08O4BB4+[S+T 



:+4`43-45:V95V9HV=D 7-aminoclonazepam 2P<5PH.FR\43.XRgDB-T4 clonazepam MHa5
`I.DO4B789+.1R4+:SPFD=FT4D:8PF-^h<DR=83I9=DB.12P<+4FD4Hc8F Che`ze [I,3U, Nakahara 
[I,3U,[R8DM 9̀: f̀H-T42P<3-45:V95V9H[/B/T4DB.HV=DF4MHa5Vh_H=FgTB.13CUR51./024D:35P��R0BRJ
[I,MHBICT52\4D4HV=DR4+ =,50cH[2H2P<MHRT-H1H-D:1H^PH:S0<5Vh_HMHB4++-5/.-B.HV=DF4MH
:R9Ha5[I,[2H2P<7�8+=B^PS1-T4aI2P<789:*QHI1 

R+C*D4H-0O.F2._D`583HOPH2P<5Pa5RP8\4 B4+789+.1 estazolam :SPFD=FT4D:8PF- 1 mg 
R454+]/+-OS1MH:R9Ha5RT-H proximal (0-2 cm) 5P3-45R.5S.HYJ2P<8P+,`-T4D*+054U[I,3-45
:V95V9HRT-HV=D:R9Ha5 0-2 ^5. MHWT-D3T43-453I48:3I;<=H2P<[31R\4`+.1=4R4R5.3+2P<789+.1F4MH
*+054U:8PF-B.H OHB+,2.<DBI7BV=DF42P<:B08B4++-5/.-B.H:`IT4HP_7*F.Da5O,:V94MO8PVh_H[I,
R4:`/CV=DB4+a.H[*++,`-T4D1C33I 5.HO\4:*QH2P<O,/9=D5PB4+WP_[ODO,/9=D*Z01./054BVh_H:S;<=MW9MH
B4+-0:3+4,`Ja5MH=4WX4B++5894HF4:RS/08 
 
��NN�����J����V 

 
ag9:VPFHV=V=13CU5gIH0Y0-02F4N4R/+JY++5W4/0[ T̀DW4/0[I,R]41.H-0O.F-02F4N4R/+J

[`TDW4/0789M`9B4+B4+RH.1RHCH24DB4+:D0H (No. 20975070 and No. GY0903) 
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