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New Developments in Mass Chromatography-spectrometry Research for Forensic Toxicology
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Abstract

Toxicological analysis with mass chromatography-spectrometry has spread widely and
quickly with the progress in ionizing methods.

This review describes new developments in mass chromatography-spectrometry research
for forensic toxicology. Time-of-flight (TOF) mass spectrometry (MS) coupled with liquid
chromatography (LC) has been developed for screening and for determining benzodiazepines
with an exact mass database. All benzodiazepines have similar chemical structures and
molecular weights, and, thus, show similar mass spectra and protonated molecule ions.
Discrimination of mass spectrometry at low resolving power with LC-MS is usually difficult.

Benzodiazepines are widely used in medical practice in Japan, and data acquired from LC/
TOF-MS measurements of 130 drugs, including benzodiazepines, were used to create an exact
mass database. This database comprises molecular formulae, calculated exact masses, retention
times and calibrations. In the analysis of samples from patients who had taken many drugs,
selectivity was improved when the LC/TOF-MS exact mass database was used.

Comprehensive screening with LC/quadrupole TOF is the most effective method in
forensic toxicology for analyzing the samples from cases of multidrug overdose. New
developmental mass chromatography-spectrometry equipment is required because of the more

precise and exact analyses in forensic toxicology.

(HARERFRZR2ESHERE  2011; 7: 8-15)
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VYT XY L REYORFEREENIZ B 5 5 F-r B A
v IM+HI"OSIM 7 u~<x /5 8% A7) —=
YT LEET, BEThhiEru~ b5 A O
MR —2 L LTHRIBENS.

<case 1>TIEWVWTNOEEP»SH LY ) —VIIHR
MEhd, GC/MSEHEWAZ ) —= 7 TiE, N
CYOVERRIEY) - ) FOVR L ORISR 7 5 NS

9

HEA - 72 F7 Y VREY - ZBRRPL) 0K - B
WA EOWBEIEY IR S e h o7z, BZTPM
? #& B, Nitrazepam, Flunitrazepam, Triazolam,
Etizolam M S 7z (Fig. 1). HANEME® 5,
N OFEHEAT L RO RFFREFICB VT, Zh
Zho [M+H]I' A+ Y2 8LART MVEER L7
%, Nitrazepam, Flunitrazepam, Triazolam, Etizolam
D SIM E'E AT 72, FYEko /i Nz o v
IR T, hbo IM+H] A T~ OfER
FICBWTHIEL D X R -7 I3ANS 5% 0o
7z, BEE AR 7% 5 CNICIEE IS — 2 & @ Nitrazepam,
Flunitrazepam, Triazolam, Etizolam % @il L T Jul
I, e, FHEZ 2 RET LR B R
ThHholz. INHLOXRVYTITEY YV REWIPENE
THEREICRB SN, [M+H]I' M+ 23R T& 72
ZEMS, MEFHEY A PORPTHA L—RE, F3
A® XYY UE NN T F VOORE DR S N,
NS OIMHSEY IR EE % SOk & i35 &, BT
HOCWIRIE L 25 5 DRI BV, AHBEORY I T
LV U REYOEASTERIC L 2 EE WA RET
WCHolzZ AR SN EIHBRER % 72
FHHEFNERESNTTFHEOTFIETH 5.

IFVSLEMNITIILBLIURBYD
LC/TOF-MS 5#hr

Etizolam 3 & U" Triazolam @ /KR {LARACH Wy 13 &
BEAEPLL TW 5720, K45REE LC/MS 2 & %%
AIZEEL V. 22T, s OFBREREICE 5%
BUASHRE & 7 2 RATIRE AL =507 5T (LC/TOF-MS)
%\ T, Etizolam, Triazolam 3 & UMU#H O 547
HEMRE L. LC/TOFMSIEF a7 VAT L —F
A ESI A * Vif%%% L7 Agilent 1100TOF. 7
)y BEUT v FRILEWBER L ERA 4 VIRICEA
L. UT7NVo A4 ZERBIEZ T 7.

Etizolam (m/z343.07787) & Triazolam (m/z
343.05117) OREEERFZ 0.027Da, HCHW IOV
THBEEINDL 70 b LT ORS % - 7413 0.028
DaTdHh-o72 (Fig. 2). ThH5E0TFEIHIFELIX
BAOPnE V) ZEERLTWS, ZREFROK

PRI SN, K — 7 OREEE TR O IEE R
ENFEE 2ol HALEWD T T b AMLHT OB
fili 2> 5 O A3 E &8 35 7513 10ppb & & T -3.02~2.12
ppm & RIFCdH -7z, &I window i 0.02Da @
YAZ7UX NI AEHNT, BRI TOMIERA
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;a( (Nitrazepam)

m/z 343PSIMJV AN 5 i A
\ 125
26 \& )
27 30 o
I\ A
[
name RT(min) |ion (m/z) name RT(min) |ion (m/z)
1 |Medazepam 7.88 271 17 |Prazepam 13.03 325
2 [Nordiazepam 9.81 271 18 |Midazoram 7.68 326
3 |Nitrazepam 8.45 282 19 [Oxazolam 7.69 329
4 |Diazepam 11.00 285 20 |Lormetazepam 10.21 335
5 [Oxazepam 8.77 287 21 |Triazolam 9.38 343
6 |Estazolam 8.84 295 22 |Etizolam 9.81 343
7 |Nimetazepam 9.78 296 23 |Flutoprazepam 12.86 343
8 |Flumazenil 7.15 300 24 |Cloxazolam 5.11 349
9 [Clobazam 10.08 303 25 |Ethyl lofrazepate] 11.37 361
10 [Fludiazepam 10.75 303 26 [Mexazolam 5.79 363
11 |Alprazolam 9.22 309 27 |Haloxazolam 5.55 377
12 |Flunitrazepam 9.68 314 28 |Flutazolam 8.25 377
13 |Bromazepam 7.51 316 29 |Quazepam 14.41 387
14 [Clonazepam 9.12 316 30 [Flurazepam 7.70 388
15 [Clotiazepam 11.79 319 31 |Rilmazafone 7.74 475
16 [Lorazepam 9.07 321 IS |d5-Diazepam 12.20 290

Fig. 1 Ny VY7 EE Y REYIIHTLEIRNAF Y E=F —1: (SIM)/F 470
FSHEZF ) YT AL ) ==y 7FE (BZTPM) #HWT, [EMESRL 730 )
LRYIIVTEYE VREWO A EFERFICH 22 DS 0 & o 22 EI B

12 0.19~1.07ppb T & - 7-. Etizolam, Triazolam ®
WHEZIRA L T2 8RR EE R 2 F 72047
Tix, LC/TOF-MS #ff 4 % & & T#EP A L
L., WiEkoow#n <, Bppb LNV TOERDB
JUORBERANRY MVIZ X BHERDTRETH - /2.
Etizolam, Triazolam % HEZMRH L T 5@ A
DO MFREEIZZFNFN, Etizolam 05 mg # RA% 0.9
FERC 83 ng/mL, Triazolam 0.25 mg % R % 0.75~
15 M T 30ng/mL, ThiHM

BREET—4~X—2

HiE TR ~<72 X 9 12 LC/TOF-MS & FHIwvwT, ¥

VIT XY L REYOREAMRS LB O EE
BF— ¥ RX—2 %K L7 (Tablel). SOHET
X, EBLERRTEMD Z ax MEREE 2R
59 7%, PEkDISREE LC/MS TRIEDHEETH -
72 DIZOVTHRHITE L Z EWFER I NS, K
HHRT— I N— AL T LA ENHEALEL T D
DTIE% L, Table ]l OFHHREIZ*ZFL72d DI
ERA S OFEMETH L. I NSITIHIFEAHY L S
{, TRTCOEH#EGE AFTT LI LIIRWEEZD,
DED) BB EREF— I N—2 %2R T B2 1L
T, "ERFIRAME—27 L LTI IR TH 2 DK
RKETHZEDTRETH 5.

LA L7255, CCMC T\ “ZHIPH S b
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105 Triazolam X 105 Etizolam
2 6.6
£ 4.6 343.05037 _— 343.07771 [M+H]*
8 [M+H] 461 Pw=0.058Da 343.07771
% 2.6] Pw=0.057Da 343.05037 R=6000
Z _ 2.6
z R=6019 :
206
=120 200 280 360 440 120 200 280 360 440
<10+ 1-"OH-triazolam s 1-OH etizolam
2 4.6
g 3.0 359.04541 [M+H]* 359.07230
> 359.04541 O [M+H]*
220 Pw=0.058Da ' 22 Pw=0.058Da 359.07230
£ 1.0 R=6143 R=6112
= 1.0
140 220 300 380 140 220 300 380
%105 4-OH-triazolam X105 8-OH etizola
220 4.0
- [M+H]* [M+H]*
£ 12 359.04524 23 350.07233
= 1.6
5 0.4
= 0.4
= 140 220 300 380 140 220 300 380

m/z, amu

Fig. 2 AT R 2B

m/z, amu

5 HiEF (LC/TOF-MS) % M\ 7z Triazolam, Etizolam & X UMY
W o 55Hr . Etizolam (m/z343.07787)

L Triazolam (m/z343.05117) DK%

P 713 0.027Da, £GP OB SNz 7 0 b LT ORI 7213 0.028Da.

2IE, XYV VT EE Y REWPISNOEN L,

h%@m?}%ﬁ;%ﬂ“‘fi%@wa IOVTH RET L
o7z, BRI AT EHE L D
héi%% 7J[IL S HIZER 220 M O KEH E =

T =7 X=X % E L, CCMC INE D% H B 38
FREEBI~NTOF-MS#EW R 7 ) —= v F#s i L7z,
R E L7725, Nvey — VERREEIR - g5 -
WCADAIE, NV IVTEEVRIALE XY
VT XY REWNHY, XUV TEE VR
TREREN SR, WinbARdE, IRt o b= U EILD AR
FH & 3% Selective Serotonin Reuptake Inhibitors
(SSRI), ta k= V7 FLF Y YHIY AH
FH 9= 3% Serotonin & Norepinephrine Reuptake
Inhibitors (SNRI) % & &t 03, buksMm3E, I
NI TT Y VRALEE, PiTADARE, YAk
MR3E, BEE3E, RN - SHEE, BACESRIERSE, &
JESE, EARIBEE, Cafldidk, 7oy < —BE
B, N—=F v UREE, WbbRgE, RERE, O
PEHRREZOMCH Y 2 & C, RERE S BB HE
WL, @itk HILRA, FI, ez
ENTO W THEGT L4 iEaksl o 3Pl % 47 5 72.
WRELEYDI L, BEINDL T T b ALsT
PEMPL-EEHERT D D% Table 2 1IZ/R L 7.
INLOFEERAITIVTND 002Dal T Tho 72
M, LC &M REAT A2 LI Y E— 7 THA DM
I REE o7z, KiLEW D 7T a b AL F oM

25 OB =713 -3.02~212 ppm (10 ng/mL
) L BT, E£8I121X window IE 0.01 Da ® < A
rsu<x NI LW <case 2>TIE, YR MY —
VE e F IV LYRLVIVE VSFy s R",
A L—=R® RXF¥ IV VLIV ERHOE
W T & - 7253, Clonazepam, Alprazolam, Phenobarbital,
Promethazine, Chlorpromazine, Flunitrazepam,
Levomepromazine, Clomipramine, Oranzapine 7Vt
HWah7z. <case 3>Tid, tur T L® F/I2®
NV F YR RADORENTH 5 7275,
Etizolam, Triazolam, Bromazepam, Clonazepam,
Zolpidem, Amoxapine 28l &7z, ZD X9 %k
¥TId, ng/mL & LARNVORY Y ITEY VREY
& ug/mL LRV EIRTIHEY & &R, BT
THIERL, BEEHEANRY MVICX AR - B
PHRETH o7z, WHEERET— I RX—REZ -3
A7) == T, RNV TEE CREY e EL L
FIDE RS " REBI O —F AT R R AT T
HBIEIREINT. BIEOKRNTIX, GC/MS R
SERE LC/MS TlEZ D &9 eattizlicdh s L5
b&B%E A\,

Quetiapine,

LC/Q-TOF QEMEYPR I U—=2T

LC/TOF-MS 13 75 f# R @ &\ W 6 19 72 1 52 2% 7] g
THdIZ L oEEE—RIRT— 7 X— 220
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Table 1 LC/TOF-MS 2 H\W7eR>Y VT T XY Y REYOREARS L HHIOBERRT— & N— 2

exact Rt  mass window LOD Linearity (1 ~
compound formula mass (min) (Da) (ng/mL) 100ng/mL)

2-Amino-5-nitrobenzophenone CI15H10N203 242.0691* - - - -
7-Aminonitrazepam CI5H11N30O 251.1059 273 25210~ 25214 216 0.9998
3-Hydroxy-2-amino-5-nitrobenzophenone C15H10N204 258.0641* - - - -
Nordiazepam C15H11CIN20 2700560 2241 271.05~271.09 018 0.9991
Medazepam C16H15CIN2 2700924 1694 27108 ~271.12 062 0.9992
Nitrazepam C15H11N303 281.0800 1954 28207 ~28211 0.24 0.9995
7-Aminoflunitrazepam C16H14FN30 283.1121%* - - - -
Diazepam C16H13CIN20 284.0716 2571 285.06 ~ 28510  0.19 0.9985
Desmethylchlordiazepoxide C16H14CIN30 285.0669* - - - -
7-Aminoclonazepam C15H12CIN30O 2850669  7.09 286.06 ~286.10 1.91 0.9995
Oxazepam C15H11CIN202 286.0509  19.67 287.04 ~287.08 1.14 0.9999
N-1-Desalkylflurazepam CI15H9CIFN20 287.0387* - - - -
Demoxepam C16H14CIN30O 288.0666 *

7-Acetamidonitrazepam C17H13N302 291.1008 * - - - -
Estazolam C16H11CIN4 294.0672 1989 29506 ~ 29510 0.75 0.9998
Nimetazepam C16H13N303 2950957 2236 296.09 ~296.13 0.16 0.9994
Desmethylflunitrazepam CI5H10FN303 299.0706  19.24 300.06 ~300.10  0.64 0.9997
Chlordiazepoxide C16H14CIN30O 299.0825 1801 300.07 ~300.11 043 0.9999
Clobazam C16H13CIN202 300.0666 2293 301.06 ~301.10 0.33 0.9994
Temazepam C16H13CIN202 300.0666  22.61 301.06 ~301.10 051 0.9995
Fludiazepam C16HI2CIFN20  302.0622 24.78 303.05~303.09 0.32 0.9987
N-1-Desalkyl-3-hydroxylflurazepam C21H23CIFN30 303.0337* - - - -
Flumazenil C15H14FN303 3031019 1358 304.09 ~304.13  0.23 0.9982
Alprazolam C17H13CIN4 308.0829 2049 309.07 ~309.11 0.18 0.9984
4-Hydroxyestazolam C16H11CIN4O 310.0621* - - -
1-Oxoestazolam C16H11CIN4O 310.0621°* - - - -
Flunitrazepam C16H12FN303 313.0863  24.78 314.08 ~ 314.12 0.2 0.9995
Bromazepam C14H10BrN30 3150007 1575 31599~ 31603 204 0.9998
Clonazepam C15H10CIN303 315.0411 2062 316.03 ~ 31607 06 0.9993
Clotiazepam C16HI5CIN20S 3180594 2747 319.05~319.09 02 0.9983
Lorazepam C15H10CI2N202  320.0119 2054 321.00~321.04 101 0.9987
4-Hydroxyalprazolam C17H13CIN40O 3240778 1911 32507 ~32511 0.75 0.9994
o-Hydroxyalprazolam C17H13CIN4O 3240778 1854 32507 ~ 32511 047 0.9999
7-Acetamidoclonazepam C15H10CIN303 325.0618* - - - -
Midazolam C18H13CIFN3 325.0782 1647 32607 ~326.11  0.17 0.9982
7-Acetamido flunitrazepam C18H16FN302 325.1227* - - - -
Oxazolam C18H17CIN202 328.0979 1518 329.09 ~329.19  24.3 0.9988
3-Hydroxyflunitrazepam C16H12FN304 329.0812%* - - - -
3-Hydroxybromazepam C14HI10BrN302 3309956 1510 331.99 ~332.03 5.12 0.9992
N-1-Hydroxyethylflurazepam C17HI4CIFN202 332.0728 20.86 333.06 ~333.10 0.19 0.9987
Lormetazepam CI16H12CI2N202  334.0276 1886 335.02~33506 0.6 0.9994
1,4-Dihydroxyalprazolam C17H13CIN40O2 340.0727* - -
1-Hydroxymidazolam CI8H13CIFN3O  341.0731*

4-Hydroxymidazolam CI8H13CIFN3O  341.0731* - - - -
Triazolam C17H12CI2N4 342.0439  21.02 343.03 ~ 34307 0.22 0.9999
Etizolam C17H15CIN4S 342.0706  22.68 343.06 ~ 34310 0.18 0.9982
Cloxazolam C17HI14CI2N202 3480432 780 349.03~349.06 0.34 0.9994
1,4-Dihydroxymidazolam C18H13CIFN302 357.068* - - - -
1-Hydroxytriazolam C17H12CI2N40 3580388  19.09 359.03 ~359.07 0.71 0.9998
4-Hydroxytriazolam C17H12CI2N40 3580388  19.35 359.03 ~359.07 0.62 0.9992
8-Ethylhydroxyetizolam C17HI5CINASO 3580655 13.96 359.06 ~359.10  0.28 0.9994
1-Methylhydroxyetizolam C17HI5CINASO 3580655 19.32 359.06 ~ 359.10  0.57 0.9982
Ethyl loflazepate CI8HI14CIFN203  360.0677 2691 361.06 ~361.10  0.24 0.9991
1-Hydroxymethyl-4-hydoxytriazolam C17H12CI2N402  374.0337* - - - -
Haloxazolam C17HI14BrFN202 376.0223  9.04 377.01 ~377.05 321 0.9932
Flurazepam C21H23CIFN30O  387.1514 1579 388.14 ~ 38818  0.18 0.9988
Brotizolam CI15HI0BrCIN4S  391.9498 2240 392.94 ~ 39298 112 0.9993
9-Hydroxymethylbrotizolam CI15H10BrCIN4OS 407.9447 1987 40893 ~ 40897 232 0.9962
3-Hydroxybrotizolam CI15H10BrCIN4OS 4079447 1943 40893 ~40897 122 0.9994
Rilmazafone C21H20CI2N603  474.0974 1545 47409 ~47513 321 0.9997
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Table 2 WHHET—FX—ADH 5, BHIhiz7u b A3 T0EB L 2B mBERT DO

m/z 237 Carbamazepine (236.09496), Cyclobarbital (236.11609)

m/z 271 Nordiazepam (270.05599), Medazepam (270.09238)

m/z 278 Maprotyline (277.18305) , Amitriptyline (277.18305)

m/z 287 Desmethylclobazam (286.05091), Demoxepam (286.05091),

m/z 300 Chlordiazepoxide (299.08254), Desmethylflunitrazepam (299.07062)

m/z 301 Clobazam (300.06656), Temazepam (300.06656)

m/z 314 Azelnidipine (313.07324), Amezinium (313.07324), Flunitrazepam (313.08627), Amoxapine (313.09819)

m/z 316 Bromazepam (315.00072), Clonazepam (315.04107)

m/z 319 Clotiazepam (318.05936), Chlorpromazine (318.09575), Fluvoxamine (318.05551)

m/z 325 1-Hydroxyalprazolam (324.07779), 4-Hydroxyalprazolam (324.07779)

m/z 343 Triazolam (342.04390), Etizolam (342.07059)

m/z 359 1-Hydroxytriazolam (358.03882), 4-Hydroxytriazolam (358.03882), 8-Ethylhydroxyetizolam (358.06551),
1-Hydroxyetizolam (358.06551)

m/z 375 Desmethylzopiclone (374.08942), Hydroxyzine (374.17611), Haloperidol (375.14013)

m/z 380 Donepezil (379.21474), Droperidol (379.16961)

m/z 408 9-Hydroxymethylbrotizolam (270.05599), 3-Hydroxybrotizolam (270.05599)

MAL72AZ ) —= v e LTHAMTH . LT
X, LHRIBEREDTRE 2ETLHBEMNLH D,
BRI ZHEROEYPEBE I N T 2 L%
W, INSITHIRT B 720121, KRBT R T —
FR—ZAEPH LU A 7 ) —= ¥ T ORIED
PELEZ 5ND. Z 2T 130 Y ORFERE M —R %
BET—IRN—ZADHEL & H 126643 EY O HY
BTF—RX=2%HWwWTCCMCINED “Z AP E
W FERIANISH L, WIENER R 7)) —= v JEk
DBE EAIT o7z SHITHERTHEE LTQTOF I X
LREEE R MS/MS ARY MDD T4 75 % iid
L, MS/MS AXZ MIZX D54 75 ) METED
REr L7

F 27 VAT L—ESIA F M) Agilent 6520
LC/Q-TOF # i L7z, KBMF—yRXR—=212k 5%
WA Z ) —= v 7I121%, 2R R % Molecular
Feature Extraction (MFE) % T 7 — & L,
Agilent G6855A A Forensic database % H\\ 7= #5582
"mRBRET- 72

KBS HEBEER T — I N—= A2 W28/l 7
V== oWs, MENROIE 5728 —5 v M
MEFRZYMET— 7 S Shbem %Y
CIELGSRYBILESHL. £22Tary ba—)b
JRB L OIS 130 FE3EW 2 100 ng/mL A 24780 L
=ik % LC/Q-TOF THEH, MFE/6643 34 ks %
BRF—INR—ALBAY ) ==V TR fTol. %
DFER, MFEEDI85 *— % ZHRaEL$ 5 2 & T,
YOI TH - 72, “LHIGHHEY P EIE
BIOIMAE, R, HHREWIIOWTHUREHRAZ ) —=
FEFERL. T, BNEWET—I R L Y Ehb

MFE % H T 405 {b& a5t & (Fig. 3-A),
130 SEW PR FFIF I —RE W B 7 — & N — 2 T 24 3EW
IZHRGAAR D TbI (Fig. 3B), X526 WA # 72
M s/ (Fig. 3-C). LC/Q-TOF 3 X ' MFE/
KB RE B ER T — Y N— AP A 7 ) —= v 7
HBEELTHMTHDZ EDMRTE . "SHIGHHE
Vb EBOMEE, SO XD BT D RA
HELEZ BV

EEREMTESERORE

BERHESHOMREE LTEEZORZ, WEHOE
#NIE2ITLELTHLH. EELTHINEEIHF
HAED LRV O PEICN 2 LV 7O 0% W HE 7 B
D% OB E IR L CHIBr§ 5. L72d>T, &
T ORERA5 5 N7 DF Y1 R0 1E 4 % 57l 5
7ol wmtk, WOHBRS, FRBLE, RnE GRS
SN F— g VIZWETH 5.

A AR R KR == 1E 2003 4825 & "l EEH %
BIE L7:. EMBloLEpiconT, Ifiih7rva—i,
GC/MS#MW A7) —= v 7k EEEYOM G & MK
LTCwab, MERRUIHATNR - BI& - O - #HR -
7% EDNEAENIREZ R E S H 2 LI2X D, HHIES
FTh L, EYOBBETIZBIT A IREOMIIIC L FE
LT&7.

HRETHLT MR F IR I U7 a=F VY HOM
ML BEERESNM CIEETH L. bhibhii7a=
FUNOBYROEEY, TaF U EMBRGICX 50
BREEN DB R, LC/MS & H w27 ZFmairi: &
LT, COGfmTIERT a F M U RIER 5
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before after B T o
Bromazepam
Relative mass error :-1.3 ppm
Retention time error : 0.02 min
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