Analysis of Benzodiazepines using Liquid Chromatography Mass Spectrometry-Mass Spectrometry
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Introduction:

Novel benzodiazepines are prevalent within the
community and are used to circumvent prosecution
under the Controlled Substances Act. However, it has
been demonstrated that benzodiazepines can cause
impairment and thus affect the ability to safely operate ]
any vehicle on roadways. At DFS, only one novel o™ Desolvation 200 °C
benzodiazepine is within the current scope (etizolam). _ ETTATI AV (A Cone gas 20 L/hr
Currently, DFS’s procedure includes hydrolysis and solid ke LTI N | _
phase extraction on day one which takes up to six hours =l 8 B N e Desolvation 800 L/hr
to complete. These underivatized samples are analyzed e Ty
by Gas chromatography Mass Spectrometry for five
benzodiazepines (diazepam, 7-amino-flunitrazepam,

MS/MS parameters:
Capillary 0.7 kV

Ionization ESI/positive
Source 150 °C
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Nordiazepam
D5-Nordiazepam

Clonazepam
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Bromazepam
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alprazolam, etizolam and midazolam). On day two, : _ Diclazepam
o o 7_am|no 'ﬂunltrazepam 7-NH2-Clon Alprazolam Clonazepam Diazepam Etizolam Lorazepam Nordiazepam Oxazepam Temazepam
samples are derivatized for one hour and analyzed for ) D4-Clonazepam F5:MAM of 2 channelo,I~14:MRM of 2 channels, 1 8:MAM of 2 chennsie, EF4:MFM of £ channsis IPZS:MFAM of 2 channels I20:MFM of 2 ohannels,EP1:MAM of 2 channels SPS-MAM of 2 ohannels,IF11:MRM of 2 chennele, £6.+
Dlaze pa m 6.692a+005 1.6142+006 10 2.5042+006 10 1.492a+006 10 8.167e+005 100 1.559a+006 10 5.126e+006 1 6.939a+006 100 5.852e+006
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the remaining eight benzodiazepines (7 amino-
clonazepam, alpha-hydroxy alprazolam, alpha-hydroxy
triazolam, nordiazepam, oxazepam, temazepam,
hydroxy ethyl-flurazepam, and lorazepam). At the
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min min min min min min min min

Lora_zepam B ] T . 3 Q -
8-amino-clonazolam o _
a-OH-Alprazolam

Midazolam

7-amino clonazepam
N-chlordiazepoxide
Oxazepam

F5:MRM of 2 channels,IF14:MRM of 2 channels.IF18:MRBRM of 2 channels,E F4:MRM of 2 channels, IF25:MRAM of 2 channels.IF20:MRM of 2 channels.E F1:MRM of 2 channels.E F&6:MRM of 2 channels.IF11:MRM of 2 channels,ES+
286.16 > 222.22 309.01 = 274.15 316.35 > 214.1 285.23 > 193.19 343.1 > 138.03 321.17 > 229.15 271.22 > 16517 287.42 > 104.08 301.23 > 177.12

2.952e+005 10 3.697e+005 10 7.769e+005 10 1.3681e+006 10 4.637e+005 100 4.841e+005 1 2.917e+006 1 3.968e+006 10 2.435e+006
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: : : Demoxepam 1.200 3.600 3.800 min 3.400 min 4.250 3.800 4,0£|n 3.600 S.EOOmm 3.800 4.000 min 3.600 S.BDDmm 3.800 4.0-ngn
mlnlmum, tWO and half days are reC|U||"eC| tO Complete D4 7 amlno Clonaze am FlualpraZOIam s nszpaidem . Ha-OTF;I alprazoéali:r; HD4-72-NH2-CIan9 F{I:h‘-l-u’.'_‘-zli:.!nalz&r:-ls;;r}l’ F{lf:l!:'v-I:‘:l?i:azm::uslmEFz FtI:1l5-l*nlzlt::un:Iislzr-.\[:::al"an RDS-?xazepan'llz , RDB-t'I;emazep?F?B HDS-aEOH alprggolal
. . - 13:MRM O channels, IF21 :MRBM © channels, MRM of 2 channels,IF19:MRBM of 2 channels, ‘MREM of 2 channels, :MRBM of 2 channels,IF10:MBM of 2 channels, IF12:MRBM o channels, MRBM of 2 channels, +
analysis before the data can be reviewed. D5-Di P D5- a-OH-Alprazolam oo ODION006 oy 169004006 L 108904008 | 312504008 | 250504008 oo 109405006 oo 1851401006 oo 338504008 o 248801005
-Diazepam . . §
Hydroxy ethyl-flurazepam A A AL DAL AL AL AL dA . A

D7-7 amino flunitrazepam
D5-Oxazepam
Estazolam

F13:MRM of 2 channels,IF21:MRM of 2 channels,EF8:MRM of 2 channeis.IF19:MRM of 2 channels, EF7 :MRM of 2 channels,E F2:MRM of 2 channels.IF10:MRM of 2 channels, IF12:MRM of 2 channels,[F23:MRM of 2 channels,ES+
308.16 > 263.1 325.17 = 216.23 290.28 = 226.2 320.25 > 218.05 290.14 > 154.11 276.06 > 165.01 291.99 > 274.04 306.2 > 198.22 330.21 > 2211

4.190e+006 10 8.430e+005 10 4.907e+004 10 9.342e+004 10 2.635e+005 10 1.038e+006 10 1.194e+006 1 4.731e+005 10 6.495e+004

Flubromazepam

Objectives: Lormetazepam

1. Shorten analysis time
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. TrIaZOIam 1.800 2.000 3.600 1.200 min 3.400 4.000 4.200 3.800 4.000mm 3.600 3.300m|n 3.800 min 3.400 S.GOOmm

2' Red uce Sample VOIume Nlmetazepam Etizolam D5-alprazolam D7-7 amino flun D7-Zolpidem 7-aminoflun Flunitrazepam Midazolam Triazolam a-OH Etizolam a-OH Triazolam

h f hI . . F16:MRM DTé? chg;nelzség ;?:MF{M oT;g?hsgm;%gF;g:MHM 0r§1g,h§gre£s;§ F:;:MF{M Dfé?sihzagnelség:g:mﬁm ofé?1ghgagneésélgF?$:MRM otggcéhga:mésé?:g?:mﬁm 0r§4%h§:nela%iaFg;:MFiM of ESEI;ag;EIséElFSES:MHM of 23%I;agnelasa,l12§5

3. Expand the scope of drugs Chlordiazepoxide Phenazepam B O T e L e
f GC S C S S - I . Ve Ve % e e e Yo W =

4 Move rom /M to L /M /M D5 EStaZO am AdlnaZOIam M min EJAH min M min Eww{&m min M min Dirrﬁ&k min M min M min iﬁ"&‘n‘ min

Temazepam
Clobazam
Delorazepam
D5-Temazepam

F16:MRBRM of 2 channels.EF9:MRM of 2 channels,IF17:MRM of 2 channels.E F3:MRM of 2 channels, IF15:MRM of 2 channels,IF22:MRM of 2 channels.[F24:MRM of 2 channels, IF27 :MRM of 2 channels,[F26:MRBM of 2 channels,ES+
314.22 > 21017 291.13 > 230.37 315.26 > 270.1 284.23 > 227.05 313.92 > 183.03 326.24 > 223.11 342.94 > 239.02 359.37 > 2823 359.2 > 277.36

2.192e+005 10 9.897e+003 10 2.912e+005 10 6.391e+004 10 6.710e+005 100 4.013e+005 10 1.028e+006 1 3.139e+004 100 3.424e2+004
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Bromazolam
Pyrazolam
Clonazolam
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Extraction:
» Preparation: 0.5 mL blood + 3 mL phosphate buffer, vortex
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min mimn min r min min min
3.600 3.800 1.600 1.700 1.800 1.750 3.400 2.800 3.600 3.800 2.800 3.400 =3

Gompound name: Temazepam

2 : - H E I I Compound name: ?—NHE—CK}H ) - r i _
« UCT Clean Screen DAU SPE columns (200 mg) , | —————— - a-OH Etizolam Coticent o Defermiator: Fr2— 0998544 e . Cosfckntof Delrminalon: 2= 0908657
£ | ‘ Zale Ion . Calibration curve: -1.01256e-005 * x 2+0.02j3?62 X +0.0225732 Calibration curve: 0 0047278 * X + -0.000273179 Response lype: Infernal Sid ( Ref 17 ), Area * (IS Conc. /IS Area)
 Condition: Methanol, water, 0.1 M phosphate buffer (pH 6) [ EEE a-OH-Triazolam e A T Sesomes e il ol i) 1o con /1 e e o o B WA 152 e o o
u ’ , n p p (p ) A i ‘W— Zolp- : : . ° . B . urve type: Linear, Qrigin: cluge, elgntng: 1/x%2, AXIS rans: None
' |dem OH CI I _—x x E X
-— -— .00 Y ] _ 2 E -
» Load samples — — Al I a onazolam e
_ 0 o prazolam Flub | N s - |
« Wash: Water, 5% ACN+1 M acetic acid (pH 2.4), hexanes D5-albrazolam ubromazolam A ——— T B T B ————
p - - . Compound name: Lorazepam . :
¢ Dry CO|UmnS . d OH FIUbromaZOIam T Coeficient of Determination: R2 = 0999584 * gg;‘;glgggg e
Flunitrazepam e e el sl e T N
¢ ElUtIOn: 20/0 NH4OH |n ethYI acetate (prepare da|IY) F|Urazepam 23?f;?yﬁ“’f.ﬁeg”ﬁ%?fg.ﬁ“éi&ﬁé;%gﬁ‘;ﬁ?}ng"ﬁfg”ﬁ;;i?;iﬁdm Curve type: 2nd Order, Origin: Exclude, Welghting: 1/x, Axis trans: None gﬁ?f;ntysfehﬁﬁegrteéﬁﬁ%ﬁ?&gﬁﬁnéIﬁxcﬂ?sirgérem%%e

D7-zolpidem Zopiclone/eszopiclone
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Urine Hydrolysis: room temperature/no wait
« 100 pL of Kura Biotech BGTurbo High efficiency

Compound name: Clonazepam Compound name: a-OH alprazolam

- : ; Compound name: Nordiazepam : vl "o
= = Coefficient of Defermination: R*2 = 0.998962 : 2- Nordia: o Correlation coefficient: r = 0.999764, "2 = 0.999529
. . . . . Qua ntltatlve LOQ / LOD Calloration curve: -7.84377-006 * X'2 + 00362343 * x + 0.0254928 e Callbration curve: 0.0300232 x + 0.01448 _
Dru Ca I I bratlon wel htl n Response type: Internal Std ( Ref 13 ), Area * ( IS Conc. /IS Area ) Response type: Internal Std ( Ref 15 ), Area * ( IS Conc. /IS Area ) T e
_g u Cu ron I ase enzyr T Ie g g g L L Curve type: 2nd Order, Origin: Exclude, Welghting: 1/x, Axis trans: None Curve type: Linear, Origin: Exclude, Weighting: 1, Axis trans: None Curve type: Linear, Origin: Exclude, Weighting: 1/x, Axis trans: None
range (ng/mL) | (ng/mL) | .
—— g 4.0 -
« 200 pL of Instant Buffer I i ; R
-a m I no d t- 1 / g —— PR g 20 N -
oop e .. B S L _ .
: 5 5 0 IJ L Of DI Wa ter CIonazepa m q ua ra Ic x e o | 20 | 40 | €0 | 80 | 100 120 | 140 ' 160 | 180 & 200 @ 220 z.iougl' =1 ey = g _ Lk 24l oLl g LU L S A M S S VA ML ML ML M M
Compound name: Diazepam Compound name: Oxazepam
® Ad d 2 | | l L Of p h OSp h ate b Uffe r a n d VO rteX 1 N Coefficient of Determination: R"2 = 0.998284 Coerﬁclent of Determinatl%n: R"2 = 0.998923
/ prazo am inear X Callbration curve: -1.01593e-006 * x*2 + 0.00618032 * x + 0.020374 Callbralion cuIve: -8.021840.007 « A2 & 0.00575622 * X + 0.0142
C . . h . gesponwse Wge{; 'St‘;ma'osmli F‘éf 1|4[}é%?a. *n(t'ls 010_’“’; IS f\rea }'N Response type: Internal Std ( Ref 16 ), Area * ( IS Conc. /IS Area )
urve type: £n raer, Origin: EXclude, vwelghtng: 1/x, AXIs rans: None A G P PR e

¢ Ontl n Ue Wlt eXtra Ct|0n Curve fype: 2nd Order, Origin: Exclude, Weighting: 1/x*2, Axis frans: None

Clonazepam quadratic 1/x
Etizolam quadratic 1/x
Lorazepam linear 1/x/"2
Zolpidem quadratic 1/x

5-240 5

Instrument:

Waters Acquity UPLC H-Class quaternary solvent
manager with FTN and Xevo TQD Mass Spectrometer
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§§ OH-Alprazolam linear 1/x Quantitative analytes' recoveries
§§ Diazepam quadratic | 1/x”2 10
LC Parameters: §§ Nordiazepam quadratic | 1/x72 10-1000 10
Sample Manager Temperature: 4°C ~ Oxazepam linear 1/x )

Column Temperature: 50 °C
Injection Volume: 1 pL

Temazepam linear 1/x

®m 7 amino clonazepam

cocaine and metabolites

105.0 N I - T |
I | N T [ T Alprazolam
- T T
1 T - Clonazepam
: - | T T - | Diazepam
1 i Etizolam
| I ¢ i T Lorazepam
95.0 ol |
| I - £ ® Nordiazepam
| | T | m Oxazepam
i T H ] ® Temazepam
90.0 |
| m Zolpidem
4 | m alpha hydroxy alprazolam
85.0 | I
80.0
Cal6

Cal 7 Cal 5 Cal 4 Cal 3 Cal 2 Cal1 PC low PC mid PC high

o
T Interferences: |
100 ] _* None from blank blood or blank urine (synthetic and human) 2 |
: g - ° None from high drug concentrations and internal standard (IS) 5 !
* None from other commonly encountered drugs
EA E ¢ Fentanyl, nor-fentanyl, codeine, hydrocodone, oxycodone, oxymorphone, morphine, hydromorphone, 6-monoacetyl morphine, . =
amphetamine, methamphetamine, ephedrine, pseudoephedrine, MDA, MDMA, phentermine, tetrahydrocannabinol and metabolites, — i m— §\\ . E—

clonazepam Alprazolam

 Bias(low) | 611 | 214 | 334 | 230 | -093 | 495 | 275 | 541 | 1360 | 907 | 3.94
% Water | %MeOH [FA (2%)] curve  Bias(mid) | 490 | 130 | 347 5.70 7.48 7.69

Time (minutes) Bias(high)
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Calibrators and controls (dilution integrity experiments)
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		Drug

		Calibration

		Weighting

		Quantitative range (ng/mL)

		LOQ/LOD (ng/mL)



		7-amino clonazepam

		quadratic

		1/x

		5-240

		5



		Alprazolam

		linear

		1/x^2

		

		



		Clonazepam

		quadratic

		1/x

		

		



		Etizolam

		quadratic

		1/x

		

		



		Lorazepam

		linear

		1/x^2

		

		



		Zolpidem

		quadratic

		1/x

		

		



		OH-Alprazolam

		linear

		1/x

		

		



		Diazepam

		quadratic

		1/x^2

		10-1000

		10



		Nordiazepam

		quadratic

		1/x^2

		

		



		Oxazepam

		linear

		1/x

		

		



		Temazepam

		linear

		1/x
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