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EINTRODUCTION

Benzodiazept e commonly prescribed for their

'&ﬂ.‘(i()}}’ﬁc, seaa “ve iz_'ypﬂ{)f!l.,\ "i‘té(()is‘!uiﬁaﬂ T, &1nd

muscle refexant pr opcr? es. Since the introduction of
than 3000 com-
by 35
. In 1985, benzodiazepines

ch‘avizazcﬂo de in 1961, more
pounds have been synthesized and approximate
are in clinical use today (1)
were the second most identified drug found in urine
{2). Only
benzodiazepines. Benzodiazepines were detected moye

often then acetaminophen and there were almost

nicoting was found more freguenty than

twice as many benzodiazepines as cannabinoids found
in urine.

Demonstrating the presence or absence of a benzo-
diazepine in a biological sample can have important
legzl and medical consequences. Identification of a
benzodiazepine in a driver’s blood can help corrobo-
rate an officer’s statement of impairment. The identi-
fication of this drug in a person is necessary to ensire
compliance with existing laws and prescription orders
(3}. The usc of benzodiazepines by pitots is a violation
of FAA regulations. Finding this drug 10 a pilot may
help determine the cause of an accident or compliance
with FAA regulations.

Initial screening of a urine specimen collected from

d

the pilot of a fatal aviation accident indicated the

esence of a benzodiazpine using fluorescence polar-

ization immunoassay (FPIA). Bowever, no benzodi-

zepines were deteczed in urine, when the urine was

2
extracted, without prior hvdrelysis, and analyzed us-
H(HPLE)

were convinced the specimen

ing high performance liquid chromartography
Fig. 1).
did contain a benzodiazepine based

The authors

screcning results using FPIA, and

tremazepam had been idencified by

firmed by Mass Spectroscopy ”\AH) in onod. It w
postufated that the drug was not being detected ve-
causz it was present in the form of a givcurenide
cenjugate. Qur approach to the detection of benzodi-
azepines in urine is presented.

4 -

the classical benzodiezepine (Fig.
3 a 7 member
azepine ring

'1@'\1)

position a,f* the 5 phenyl

ses the potency and decreases the

a1 :
nazepam, aid Hurazepam;.

zodiazepines have involved
I

innezling of & diazepine position with a triazolo

or imidazo ring {e.g., triazolam and alprazel

lam) {4}

Benzodiazepines are extensively metabolized in the
liver. Many of the metabolites are physiologically
active. Metabolism can resulr in N-Atkyl compound

formartion. Glucuronide conjuo tes, which are usu-

ally inactive, are typically formed by nyumvyla ed

mezabolites {1}. Temazepam will biotransform, via

N-demethylation, to oxazepam and both t mazepam

andg OXazepaln in EL&D(_,‘I?C 8] Ihﬁu g UCLEEO,;EuC COﬁ -

). Temazepam and oxazepais are recovered

ine primarily as the g ucumm@e conj ugates {5}

Analytical approaches
Urinary benzodiazepines as a group are difficult to

casons (O}

identify and quantitate for several r

e They are extensively metabolized two the glucu-

1

!'Oﬂid(‘ c.on;ngate, ﬂldl{lﬂg it d!;u Uil Lo extract

and identify.

Seme of the newer benzodiazepines are more po-

i

"

tent, and are found in the urine at low

concentrations.
-1 e :

They tend to be ther rr‘aiiy labile during gas <h:
matography (GC) analysis, uniess they are
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form by acid hydrolysis

ay assayvs ;-;CO")O[‘&"G rCi‘; va
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e gsucuromde for anaiysis \7

e
drolysis o cieave
however, th
sion to z

benrzodiazepine stiructure is aliered by conver
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senzophenosie during acid hvdrolysis, as seen in (Fig.

4. Fnzyme hvdrolysis, on the other hand, preserves
the integrity of the original molecular structure of the
benzodiazepine. Enzyme hydrolysis, therfore, makes

possible 10 identify the starting benzodiazeping
{Figs. 5,6} (8} Berzodiazenines accumulate in the
urine over time, and for chis reason urine is ofien used
inittally to screen for benzodiazepines. Afrer finding
benzodiazepines in urine one can enalyze blood or
plasma to identify the specific benzodizzepine previ-

usly found in urine,

CAMIE Methedology

We have developed a mgggd and sensitive method
for the analysis of benzodiazenines using cnzyme
Ezyc’miyszs followed by extraction of the analyzes using
micro disc technology. Samples are confirmed by the
use of GC/MS and HPLC. A rrimethylsiiyl derivarive

used to improve the chr

P o TSRS I S o
1cs of benzodiazepincs [or thic s

phaseand gradientp is 28 GesCr by Logan

MATERIALS A

he soivents were AL
Phosphate huffe

with a flow of 1,3
e

aperature was 35°C.Th
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was g Hewlern Packard

5989 MS Fneine. The column was 2 crossiinked 3%

phenyl methyl Silicone of 15 meter in jength, 0.25

The injector, emperature progiam a and wransfer line

:emperawrcsweremamtamedat2‘50 “C, 150-250°C,

and 275°C, respecrively. The acquisition was in elec-
tron impact mode scanning from 45 1o 43 amu. J he
injeciion volume was 1 ul. in the sphitless mode.

Sumple Treatment

Five mbs of urine is spiked with flurazepam as the

incternal standard, Two mbs of §.1M Acerare Buffer

"2

H 35 is added along wich 16,000 unis b-Glucu-
ronidase 1o hydrolyze the specimen. The sample was
heated for 4 hours at 40 °C. Swo mls boric acid
solutionand 100 nlof 1 1.8 N KOH arc then added to

pH the sampie 10 8.5 + 0.5.

Extraction
The Micro Pisc was prepared by adding 1 mi of

o

methanol ro the column reservoir. This is followed by

s

the addition of 1 ml of Borate Buffer, pH 8.5, The
sample was poured into the coiumn reservolr and
aspirated through the disc. One mL of H,O 15 added
and aspirated, through as a rinse. The vacuum »n the
extraction box is increased to dry the disc for S
minutes. The analyte is cluted oft with {CH.CL
isopropyt a,cohol (80:20) with 2% NH4OH! ino a

conical tube.

Dertvatization

‘The eluate was evaporated 1o dryness, using nitro-

gen. For analysis on the HPLC, 25 pL of methans
was added to the rube, vortexed and rransferred

autosampler vial for injection onto the HI LC. For
Mass Spectrometer analysis, 50 pl. of BSTFA with 1%
TMCS is added to the evapcrated eluate cube and
incubated for 30 minutes a1 70°C. The tube is allowed
o cool and the conrents is transferred toan autosampler
viak. One ul is then injected onto the mass spectrom-

- for confirmation.

i3

Spectra of temazepam were acquired utilizing both

electron impact and negative chemigal io;xizat;on mass

$pectiometry (NCIMS) {Figs. 7 and 8).

screencd using

; . . (3
was derected at a 18‘;’-:1 in excess of 200 ng/mi. ihe
presenfe of temazepam was detected in the blood

. . S
hydrolysis of rhe urine wﬁ“ b-g:zzc:}fom
T e
hicod was found to contain 44 ng/mi of temazepam,
r 4 3 c
83 ng/m! of fluoxetine, und 138 ng/mi of nor-
T o

[ of these drugs were also confirmed in

the urine. Additionally, the liver was found to contain
145 ngig of temzncp am but was not analyzed for
- !

fluoxetine or norfluoxeting,

DISCUSSION AND CONCLUSIONS

Both the GC/MS and HPLC were demonstrared to
be adequate methods for the determination of a rep-
resentative benzodiazepine in biological specimens, at

. L g .
subtherapeutic levels. Sign IFCJI’hSIg 1al to noise rafi

above the bascline at the limies of detection {(LOD) of

10 ng/mL of temazepam was observed. Gne can see e

a-_..

&

arge temarepam pe .J in the post hydrolysis HPLC
chromaiogram (Fig. 6), when compared to the same
urine specimen, which had previously been analyzed
without hydrolysis (Fig. 1)

In summary, although the pilot discussed in this
report had been prescribed clonazepam, 2 drug used

Iy el - .
ror the gearment of SCIZ 1res, the pliOL was found o

The pzescrmuol medjcatmn do nazepam was Bot
- :

this case. The finding of fuoxetine and its

o
[
o)
"

"

meta oiitc, norﬂuoxennc, confirmed the pilor was

,~.
&
o

ing one of the prescription medications found at
the accident. This pilot had not rﬁported to the FAA,
as required, any of the drugs found in this case or the
medical conditions for which the drugs were being




Figure 8. Positive Benzod
[1887-1883]
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taken. This person was flying in violation of FAA
regulations, and our toxicological assessment aided in
the determunation of accidenr causation.

Since the implementation of the new procedure
described in this paper, we have noted an 1ncrease m
the number of aviation fatality cases reporied pusitive
for benzodiazepines (Fig. 9).

The new procedure includes:

» Urine enzyme hvdrolysis

« New extraction mothods

« Urthization of HPLC with photo diode array de-

tecuion
.

«Confirmation with n neganve chemical tonizanion

agiv
mass SpeCtIomery (N(’JEE\-@S)
3 Le naciive | 1: . ;
Many of the posttive benzodiazepine cases reported

. - bl b
in 1993 were found to contain aég}rzzonam and

L 1
remazepam. I ne relatively

e 1
maost i:kcéy

habits in these years, as noted in Fig. 10,

Diazepam is prescrib din fcimzwl 'n'g‘l doscs as

the identificanion of diaze 1 Pricr o 1992, no cases
of benzodiazepines were u:;eh&'d::d other than
diazepam or its mertabolires. There is o direct correla-

between the decreasing number of diazepam

¢ reported, and the decreasing number of

prescripaions for diazepam {(hgures 9 and 1), Al-

. s . , »

though mnuoL Tt has bheen ,6.1'\:§_.-' orescribed
T - Iy

aipr 70lam was not ocmg reque ¢

i s a 1 i 3

1992 and 1993, when new CAMI analviical methods




Figure 1

The Y axis represents the percentage of a pamc Ll a
prescribe\, dur.ng the .respectave years based o
prascriptions during that yea

Note: The 100 = most i.,rescsn::;ed benzodiazepine.
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