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SUMMARY

A rapid method was developed for the determination of diazepam snd nordiazepam
(N-desmethyldiazepam) in humsn plasma using electron capture gas—liquid chromatography
(GCLC—ECD}. The concentration of dizzepam and nordiazepam is determined using 0.5 ml of
plasma extracted with 1.0 mi of benzene containing 25 ng/m! of methylnitrazepam as the
internatl standsrd. The benzene extract is remaved and an aliquot is subjected to autamated
CGLO—ECD znalysis. The method has a sencitivity limit of 3 ng diazepam and 18 ng nordi-
azepare per milliliter of plasma. The method was used to determine the plasme levels in man
following the {irst 5-mg diazepam dose, as well 85 during chronic orsl administration of 5 mg
digzepam three times daily and 15 mg diazepar: once 2 dzy.

INTROBUCTION

The determination of drug concentration in the numerous pEasma samples
generated in bicequivalency and clinical pharmacokinetic studies in man, has
created a need for simple, rapid and sensitive assays. Diazepam (the active drug
substance in Valium, marketed by Hoffmann-La Roche, Nutley, N.4., US.A.},
a member of the 1,4-benzodiazepine class of compounds (Fig. 1}, is used in the
relief of tension, anxiefy and skeletal muscle spasms {1—8]. In clinical practice,
_ singte oral dosez of diazepam range typically from 2 to 10 mg and are adminis-

tered 2—4 times daily. In previous studies in man, peak concentrations of
221400 ngfmi of plasma [9] and 137—189 ng/ml of whole blood [10] were.
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Fig. 1. Major pathways of diazepam metabolism in humans.

measured afier single oral administration of 1Q mg of diazepam. Chronic oral
zdministration of 5 mg of dizzepam three times daily reculted in steady state
plasma levels of 238—440 ng/ml {11}, while chronic orzl administration of
10 mg of diazepam once daily resulted in blood levels of about 200 ngfmt [10L
Concentrations of the major metzholite of diazepam, nordiazepam (N-des-
rnethyldiazepam) (Fig. 1), can range from 10 to 20 ng/m! of bload at the time
of peak diszepam levels, following single oral administration of 10 mg of diaze-
pam ang reach steady-state concentrations of 100—150 ng/mt of blood during
chronic administration of 10 mg of diszepam daily [16].

Assays. for the determingtion of diazepam and nordizzepam in blood snd
plasma following therapeutic doses of the drug have required the sensitivity and
specificity of electron capture gas—liquid chromatography (GLC—ECD}.

Numerous GLC—ECD procedures have been developed to measure diazepam
and nordiazepam E11—18]. The earlier assays required the conversion of diaze-
pam and nordiazepam to their corresponding o-aminobenzophenone derivatives
by acid hvdrolysis prior to GLC—ECD analysis [12]. The more recent proce-
dures were able to quantitate diszepam and its metabaolites by GLC—ECD with-
out derivatization employing the lquid phase OV-17 and a *Ni electron cap-
ture detector (ECD} [11, 13—18L

The previously published procedures are useful in the measurement of di-
azepam and nordiazepam in studies involving 2 limited number of specimens for
analysis. They are, however, time consuming and mp*acﬁcal ‘when iarge scale
human studies are required which involve the analysis of hundreds of spscimens
on a routine basis in order to demonstz:a.e bioeqmalﬁncg of formulations or in
clinical pharma;okmetxc studies. RMoreover, most of the prekusly reported as-
says invdlve many tedious steps including multiple extractions and tranafers,
- clean-up steps‘ so&venf: evapcmtxo-i and manu&l mgechcm mtn the gas chzema—

. !.ograph
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‘The procedure described herein was developed in response to the need fora
rapid, sensitive, specific and reproducible assay for diazepam and nordiazepam
in plasma, permitting the preparation of large numbers of extracts in a single
day for GLC analysis, and the subsequent automation: of sample injection, peak
area integration and computation of results. :

The concentrstion of dizzepam and nordiazepam in plasma following single
and during chrenic oral administration of diazepam have been defermined
successiully by this rapid assay.

EXPERIMENTAL

Paerameters for GLC analysis

Cofumn. A U-shaped borosilicate glass column, 1.2 m X 4 mm. LD., contain-
ing a pretested preparation of 3% OV-17 on 60—80 mesh Gas-Chrom Q (Ap-
plied Science Labs., State College, Pa., U.S_A.} was used. The column was con-
ditioned as previously deseribedf13L ’

Instrumental parameters. A Tracor Model 222 gas chramatagraphk (Fracor,
Austin, Fexas, U.S.A.) equipped with a 15-mCi $Ni ECD, and an automatic
sampler (Model 7671A, Hewlett-Packard, Avondale, Pa., U.S.A.} was used.
Argon—methane (80:10) gas mixture (Matheson Gas Products, East Ruther-
ford, N.&., U.S.A.}, oil-pumped and dry, at 40 p.s.i.g. and a flow-rate of 70 ml/
min through the column, was used as carrier gas. The purge gas flow-rate was
20 ml/min through the detector. The temperature settings were: column, 235°;
injection port, 275°, detector, 350°. The flow-rate and oven temperature were
adjusted so as to obtain retention times (¢p values} of approximately 3.9, 5.5,
86 and 13.0 min for dizzepam, nordiazepam and the internal standards,
methylnitrazepam and griseofulvin, respectively. An electron capture linearizer
(Tracor, Madel No. 114460-001) operated the detector in the “constant
current pulsed mode”. The linearizer parameters were set as follows: standing
current, 0.3 X 107 A; relative pulse width, 0.18 (0.75 g sec actual pulse width);
attenuator, 8. & 1}.0-mV recorder (Model 71274, Hewlett-Packard) was aper-
ated at a chart speed of ©.25 in/min. Under these conditions 1.0 ng of di-
azepam and 2.0 ng of nordiszépam injected gave nearly full-seale responses, and
0.25 ng methylnitrezepam and 1.0 ng griseofulvin injected gave about 50%
f.s.d. The minimum detectable amocunts of diszepam and nordiazepam were
5 ng and 10 ng/mi of plasmgs, respectively. _

A mini-computer based data system (Hewlett-Packard, 33528 Laboratory
Data System} was interfaced with the electron capture linearizer and automatic

sampler.

Reggents , ) _
. The following resgents were used: Saturated potassium chlioride (analytical-

reagent grade} (epprox. £.8 Af), prepared in distilled, deionized wafer; benzene
(Nanograde, . Mallinckrodt, St. Louis, Mo., U.S.A.); and absolute ethanol
{?ublzcker, Eénﬁeﬁé, Pa., US.A.} ,
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Glassware

Special extraction tubes, 125 mm X 13 mm O.D., round-bottom, 9-ml capa-
city with a 10/18 € joint, were constructed (Fig. 2)*. Tubes and stoppers were
washed with 2 non-corrosive surfactant cleaning sclution (Micro, Infernztionat
Products Corp., Trenton, N.&., U.S.A.) in a 50° ulirasonic bath, subsequently
rinsed with distilled, deionized water and dried in an oven. Sample vigls (Hew-
lett-Packard) were rinsed with distilled, deionized water and dried in an oven
prior to use.
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Fig. 2. Special extraction tuhe.

Standard solutions

Stock solutions of diazepam and nordiazepam were prepared as follows:
10.00 mg of each compound was weighed out in separste 10-m! volumetric
flasks, dissolved in 1.0 m! of absolute ethanol and made up to volume with ben-
zene, to yield 1 mgfmi solutions. These stock solutions were diluted 1:100 with
benzene to yield 10 ug/ml solutions of diszepam and nordiazepam. A series of
mlxtur&s of diazepam and nordiazepam containing 0.05,0.1,0.3,0.5,1.0, 2.0,
8.0, 4.0, 4.5 and 5.0 gg/ml benzene of eack compound was prepared by suit-
zble d].ntzons of the 10 upg/ml stand..zd soi..xtxons for use as cahhratzos stan
clards by addition ¢ glasma.

. * A gimilar tube, Corning Nc 0810, iz eommezcmty ambie and w&uﬁ beasmtabsa snb-
;zm‘.ute _ _
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Methylnitrazepam, 7-nitro-5-phenyl-1,3-dihydro-1-methyl-2H-1 ,4-benzodi-
azepin-2-one, was used as the internal standard. Methylnitrazepam (13 mg) was
weighed out and placed in & 100-m!i volumetric flask, dissolved in 10 ml of
absolute ethano! and msde up fo volume with benzene to yield a 100 yg/mi
stock solution. A 10-yg/ml solution was prepared by dilufing a 1.0-ml aliquot
of the stock solution to 19 m! in a volumetric flask. This solution was used to
prepare a 25-ng/mi methylnitrazepam solution in benzene used for sample ex-
traction, by diluting a 250-xl sliquot to 100 mi in a volumefric flask. The
difuted solution was stored in an amber 100-m! conical vessel with a 24/40 §
ground glass joint. A 1.0-ml dispenser device with a glass joint (Cat. No.
3001-G, Repipet, Lab Industries, Berkeley, Calif., U.S.A.} was used to dispense
the extraction solvent,

Griseofulvin (Czlbiochem, Los Angeles, Calif., U.S.A.} was used as alterna-
tive internal standard. A stock solution was prepared as for methylnitrazepam.
The working dilution was prepared by transferring 2 200-z! aliquot of the stack
solution to a 1060-ml volumetric flask and making up te volume with benzene
to yield a 200-ng/ml solution for extraction.

Procedure ’
Preparation of samples and caiibration standards. Into the speciel extraction

tube (Fig. 2), 0.5 m! of plasma and 0.5 m! of saturated potassium chloride solu-
tion were added and mixed, followed by the addition of 1.0 m! of benzene con-
taining 25 ng of methylnitrazepam/ml. The tube was sealed tightly with a
PTFE stopper (Chemplast, Wayne, N.J., U.S.A.) by twisting into the glass joint
of the tube. The samples were placed in a suitably sized test tube support and
clamped in a mechanical rotator (Model RD-250, Kraft Apparatus, Mineola,
N.Y.. 1J.8.4.). and rotated for 10 min at 30 rpm. The samples were centrifuged
at 10° for 15 min at 1008 z in a refrigerated centrifuge {Model PR-J with a
No. 258 rotor and No. 381 sample cups; Damon/IEC Division, Needham, Mass.,
US.A.) and spproximately 8.6—0.75 mi of the organic phase was transferred
into a 2-m! glass sample vial using a disposable 9-in. Pasteur capillary pipet. The
vial was capped with a Teflon-faced rubber septum aluminum seal (Hewlett-
Packard) using a hand-operated crimper (Wheaton Scientific, Millville, N.4.,
U.S.A.). The prepared samples were then rezady for automatic injection into the
gas chromstograph. Extracts should be chromatographed the same day they
were prepared to avoid the possibility of sample degradation.

Along with unknown sampies, five plasma calibration standards confaining
50 ng of diazepam and 50 ng of nordiazepam were prepared by evaporating
100 gl of the 0.5-ugfm! standard mixture in benzene to dryness under & nitro-
gen gtream (in & special extraction tube} and adding 0.5 mi of control human
plasma. These calibration standards were then processed along with the un-

know_ns.

Calibration of the decta systern. Using the GLC conditions inifially set at the
parameters outlined (see Parameters for GLC anaiyais), 1G ul of ane of the
. above prepared caiibration standard extracts containing 50 ng of diazepam and
50 ng of pordiszepam added to 0.6 ml control humen plasma was injected. A
typical chromatogram is shown in Fig. 3. This sample gerved to establisk the re- -
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tention times of the 3 known peaks (diazepam, nordiazepam and methylnitra-
zepam} and identify any chromatographic preblems (e.g. poor peak shape, poor
response, abnormal sample impurities, interfering peaks or other disturbances)
that could invalidate the resulis.

The software of the computer-based data system was used to prepare a
method defining the parameters illustrated in Fig. 4.

A secand extirsced plasma calibration standard was chromatographed, and
the peak area data were used to establish the response factors for diazepam and
nordiazepam required for the internal standard method of calculation of the
unknowns, with the results reparted in ng/m! of plasma (shown in Fig. 4). The

report format for such a calibration standard is shown in Fig. 5.
1

K g

{al (8)
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Fig. 3. Chromatograms of the GLC—ECD snalysis of plasma benzene exfracts. (A} Hawman
contro! plasma; (B} kuman control plssma containing 50 ng dinzeparm (i = 3.9 min), 60 ng
nordiazepam (g = 5.5 min} and 25 ng methyinitrezepam (interns! standazd; f5 = 8.8 min)
o peg 0.5 ml of plasma. Injection volume: 10 I of benzene from each extract. Atteauation:



587
L. CHAN,PRGC.RPRT,RDVC

t@, ESTD. ME, T3

2. SAMP,UKNTS,TITLE
PLASMA » MNG/ML . PLASMA DIAZEP-NORDIAZEP

3. FPKS,RATM,PRG
ESf 16282 NOQ.,

4o MIN AR,MUAM, DLY,DVT-DIL-FTRZ
ige, -i8C, 3.88, .83, t0C.G3

Se REF=-RTW, IRTW, ID-LVUL,REF=-UNK

S8, 13, £33, :(.0888
G & KW PKS
3
& TEIME AMT FACTQR NAME
13 398 S.GBB6E ! =c3.I6ITE & DIAZEPAM
2 SelS S.GGBBE ! =3.1232E © NKORDIARZEP
3 864 2.5688E ) =ci.&88QE € 4LMETHYLNIT

Te £ EUVENTS
=]

Fig. 4. The format of a typical computer-based data system method showing the parameters
used in the analysis of diazepam and nordiazepam in plasma. The parameters define@ and
iflustrated above included: methad of caleulstion (PRCQC}, format of repert (RPRT), report-
ing device (RDVC), type of sample (SAMP}, concentration units to he used far reporting re-
sults (UNTS}, length of chronmiatographic run time (minuteg) prior to reporting of data
(RTHM), minimum area {«V-sec} which must be exceeded hefore & pezk will be reported (MIN
AR), slope sensitivity {mVY/min) threshold for the detsction of peaks (REV/ M}, integration
delsy (minutes) which should expire after sample injection before integration should begin
{(DLY), parameters reiating to identification of peaks by comparison with retertion times of
knaown peaks (REF-RTW), identification level for peaks having an ares greater than this level
to be considered for identification as a known peak (IR-L-VL]}, retention times, amounts,
response factors and names of known peaks (2KWN PKS}.

The remaining plasma calibration standards were interspersed among the un-
known samples in the automatic sampler fray and served to monitor the GLC—
ECE system for accuracy, precision and changes in response during the un-
atfended run.

Procedure for processing samples using the automatic liguid sampler (ALS).
The ALS sequence was prepared using the computer-based software of the data
system. The sequence contzined the information defining instructions for pro-
cessing the sample vials, and included the parameters illustrated in Fig. 6. In
this manner, up fo 36 sample vials could be processed unattended per run and
the results were reported via teleprinter (Hewiett-Packard Model HP 27524}
for each vial processed. The series of sample vials prepared were then plsced in-
the sampler tray in the assigned position defined in the ALS sequence, in-
cluding three benzene wash vials and the system was then placed in the auto-
mated mode by user command. The system. continued fo operate unattended
by automatic sample injection in the sequence specified and reported the re-
sults in ng of diazepam and nordiazepam per ml of plasma in each vial. The
teletype report format for an unknown sample is illustrated in Fig. 5. g
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aagcér NC. 636 PLASHA DIAZEP-NORDIAZEP
CHANZ 18 METHOD: DIAZEP SAMPLE: RCIGZ BOTTLE !
ISTD = 25.888 NG/ML

RT AREA HGSML KAME

3.9¢ 11322 BB $9.779 DIAZEPAK

S.45 12652 BB [GG.49: NORDIAZEP

8.64 16411 B2 EMETHYLNEIT
TOTAL AREA = 39792
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RT AREA NG/ML NAME

3.88 17269 BB 155.151 - DIARZEPAM

5.63 14469 B2 123.832  NORDIAZEP

B+SE 16892 BB EMETHYLEZT
TOTAL AREA = 47838

Fig. 5. The typical format of the data system renort is iliustrated for a diazepam and nordia-
z2pam calibration standard (109 ng/ml of plasms) prepared as described in the text and in-
jected by the automatic sampler (Repert No. 686, upper) and g typieat report for an un-
known plasma extract is shown in Report No. 622 (lower).

RESULTS AND DISCUSSION

Numerous sensitive and specific GLC—ECD assays have been developed for
the determination of diazepam and its metabolites in human plasma and other
biological fluids f11, 13—18]. These assays are based on the intrinsic electron-
capturing properties of diazepam and its metaholites, which permit detection
of picogram quantities under the proper gas chromatographic (GC} conditions.
The assay described herein also uses GLC—ECD and has a sensitivity Hmit com-
parable to that of previously reporfed procedures, but has significantly reduced
the biological sample preparation time by medification of the extraction step
and elimination of s¢lvent ev«poratxon steps. The procedure is essentially a one-
tube, one-<step extraction, requiring only one {ransfer into a sample vial for in-
jection info the gas chromatograph. As an illustration of the ease of pericrming
this essay, one person can prepare 36 samples for chromatography in 4 h. The
cnly limitstion on the number of samples prepared for GLC is the automatic
sampler capacity {i.e., 36 viais}. Following sample preparetion the remaining
analytical procedures; including sample injection, integration of peak areas, and
data reduction reporting nanograms dmepam &ﬁd G:dimpam per mi!iuter cf
plasma have been automaied. :

Severel significant instrumental and. e‘eet:a:;.c dwdﬁ?meﬁts hm recenﬁy
* become available that made this. method practicablz, ALS devices for Gcmz
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Fig. 6. The formsat of & typical computer-based data system: automatic liquid sample_r se-
quence'k iHustrated listing the parameters used in the anslysix of diszepam and potdm.ze-
pam. The parameters defined are: first vial in the sequence (£ ST BTL}, total numbef of vas
in the sequence (¢BTLS), locatics of the cslibration standard vial used for automafizc. zec_a!v
tration of response factors (RCALJ, cumber of wssh .c:{{de§ before esck_ta_.mp_!e injection
(WEHS!], number of pump cycles before each sample injection (PMPS), injection volume
(STOP), sumber of injecticnz to be performsd on each vial (¥INS}, tqtax cycle time
{minuics) between sample injections. : .
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been available for a number of years {13} and are generally reliable, repre-
ducible and capable of sampling from microliter capacity vials. However, with-
" out development of a relizble electron capture linearizer {20, 21} automated
GLC—ECD would be limited to accurate quantitation of only a narrow range of
concentrations of injected samples due to the non-linear response characteris-
tics of ECDs at high concentrations injected [22). The electron ecapture lin-
earizer has extended reliable quantitation of electron capturing compounds, in-
cluding diazepam and nordiazepam, over a range of at least 10% in sample con-
eentration injected and eliminates the need for sample dilution and re-injection,
which would otherwise defeat the purpose of automatic injection systems. By
interfacing the 5°Ni ECD, electron capture lnearizer and ALS with a mini-com-
puter based zutomatic data acquisition and analysis system, the means of fully
automzting the chromatfographic and computation processes were accom-
plished. The method described was developed for the analysis of diazepam and
nordiazepam levels following single or during chronic oral administration of
therapeutic doses of diazepam for the purpose of demeoenstrating bicequivaleney
of formulations and defining pharmacokinetic profiles. The method was de-
signed to specifically quantitate dizzepam and nordiazepam in plasmz. How-
ever, 3-hydroxydiazepam and oxazepam (Fig. 1), if present, are chromatogra-
phically resolved from diazepam and nordiazepam, having ¢ values of 2.8 and
8.7 min, respectively, and can also be guantitaied by this methaod.

In the development of a rapid assay procedure that required minimal sample
handling prior o GLC aznalysis using an automatic liguid sampler, it was neces-
sary to establish certain guidelines at the cutset. A great deal of work has been
established by other workers regarding simplified extraction techniques {11,
16, 18, 20, 23, 24}, thus, one objective of this work was to further simplify the
assay by extraction with a minimal volume of solvent and to eliminate the need
to evaporate the solvent prior to GC analysis. Benzene was ideally suited as the
extraction solvent since pesticidegrade solvent gave an exfremely low ECD
response when injected on to the OV-17 phase and more importantly extracted
very few impurities and no interfering substances from plasma as shown in
Fig. 3. Althougb 2 benzene extract of plasmz had & yeliowish coloration, a
10-z1 aliquot injected into the gas chromatograph gave rise to very little ECD
responsive material (Fig. 3). Equally important was the fact that diazepam and
nordiazepam, although they sare relatively polar basic compeounds, partition
into benzene from plasma to an extent exceeding 90% at physiological pH [11,

16—18, 25} This property of dizzepam and nordiazepam was used to great
advantage in the development of & rapid prccedure for defermining the com-
pounds in plasma by GLC—ECD.

In order to process all samples using 2 fixed volume of solvent, it was neces-
sary to establish the linewrity and recovery of the extracticn of diazepam and
nordiazepam from plasme infe 1.0 mi of benzene under the conditions de-
scribed. The recoveries wers determined front a comparisonn of the peak areas
of ten concentrations (in duplicate} of the standards (5—500 ng) sdded to
plasma prior to extraction with the sreas of the same fen concentrations of
standards added to contirol plasma extract residue after extraction. This tech-

nique was used fo overcome the proncunced tailing and loss of response of in-
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jected pure nordiazepam standards in benzene under the GC conditions de-
scribed. The occurrence of such peak tailing with polar compounds is common
in spite of the use of highly inert, silane-treated eolumn supports fo minimize
such effects. By use of this procedure, “apparent* recaveries of over 100% of
added compound from plasma extracts was eliminated. This phenomenon was
presumably related to the deactivation of adsorption sites on the column sup-
port {26}, similar to the phenomenon reported using lecithin, a synthetic phos-
pholipid, as a priming agent in the GLC—ECD analysis of steroids [27]. The
average recaveries for c¢iazepam and nordiazepam are summarized in Table I
and are shown to be 98.2 £ 3.3% and 34.8 + 1.5%, respectively. The extraction
was found to be linear over this concentration range as shown in Fig. 7. The
precisien cf the extraction precedure was determined based on the analysis of
six separate samples of control plasma eontaining 100 ng diszzepam and 100 ng
nordiazepam per milliliter and found to be 0.98 ng/m! for diazepam and 2.07
ng/m! for nordiazepam:.

Concentrations exceeding 820 ng/m! plasma are very seldom encountered in
controlled clinical studies using normal subjects, even during chronic oral
administration of up to 15 mg diazepam daily {11]. The steady state plasma
Ievels of patients during chronic ora! administration of 3¢ mg of diazepam
daily, were reported to be between 1.0 and 2.0 ug/m! {28]. In such csses, an
aliquot of 100 gl (or less) of plasma can be taken for assay, or the volume of
benzene used to extract the unknown sample can be increased to 2.0 m! or
greater. Whole blood and serum were also fried by the method described and
found to work equelly well. Slight differences in the chromatograms of control
bloocd compared with plasma were seen, but there were no interferences in the
region of diazepam and nordiazepam. In addition, z volume of plasma or blood
of up to 1.0 m! can be used in this procedure with no modification. However,
piasmsa is the preferred biological specimen since plasma concentrations of di-
azepam azre nearly twice the corresponding blood concentrations {the blood/
plasma eoncentration ratio is reported to be 0.58). {S].

TABLEE
-RECOVERY OF DIAZEPAM AND NORDIAZEPAM FROM PLASMA
Amount of diazepam Recovery (%}
and nordizszepam
added {ng/0.5 m! plasma} Diazepam Nordiazepam
50 82.6 N.D.«

10.G e2.7 g7.8

30.6 . 97.5 ’ g94.3

869 * ges 36.9
1000 113 34 a4£.8
200.0 1068 a3.8
3G0.0 . 92.9 a38
£00.0 ' 101.6 : 96.1
4500 " L 866 - 92.9
5000 ' ) 28.8 83.¢
Mean « 8D, 982+ 3.3 948+ 1.5

i +N.D. = Non-detsctable.
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Fig. 7. Calibration curves for the GLC—ECD enalysis of diazepam and nordiszepam (N-des-
methyldiazepam) added per 8.5 mi of plasma and analyzed by the rapid method described.

A radioimmunoassay (REA) was reported for dizzepam in bload and plasma
{29]. The advantages cited for the RIA technique was speed of analysis, ability
to perform a large number of determinations in z single day by one person and
sensitivity of the assay, requiring as little as 5@ ¢} of plasmas. ‘The disadvantage
of the RIA procedure was that it required two separate antibodies in crder to
determine both diazepam and nordiazepam in plasma. The GLC—ECD proce-
dure described here has all of these gdvantages and measures bath compounds
simultaneously.

The exfraction tubes used were designed (Fig. 2} to allow for efficient mix-
ing of the plasma sample and organic solvent, and avoidance of emulsion forma-
tion. The tube is made so that 1.0 m! of benzene occupies approximately
1.5 cm in height, thus allowing for easy transfer of the benzene extract (follow-
ing centrifugation} uncontamineated by interface material or agueous phase.

During the development of this method, severa! praoblems became apparent.
The glass vials used in the automatic injection system are capped with a Teflon-
faced rubber septum aluminum seal, which is penetrated by the syringe needle
for injection intc the gas chromatograph. The vial can be used for only one
injection. Repeated injections from the same vial showed & contaminant with
a retention time slmost identical to diszepam. The soiirce of this contaminant
was traced to the septa of the vials, which are susceptible to chemical attack by
benzene once penetration of the Teflon liner has occurred. The identity of this
interfering substance was not investigated, but several instances of similar infer- .
ferences have been teported and traced to various plasticizers present in rubber
products [80—32]. To avoid erroneous resuits due to an incressed integrated
area for diazepam caused by the contaminant, each sample vial is injected only
- once. It is extremely important o avoid contamination of the benzene solvent
* and éxtracts by contact with materials such as rubber and plastics. Only Teflon -
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~ and glass should come in contact with the benzene. Another septum material
{black septum, Hewlett-Packard} was evaluated and found to be unsuitable due
to inferfering peaks in the area of 5.5—6.5 min.

Specificity of the assay ,

Diazepam is known to undergo the metaholic pathways shown in Fig. 1. The
parent compound and nordiazepam are the major measurable plasma compo-
nents following single and chronic oral administration of diazepam in man {10,
11, 14, 25, 33, 34}. However, the presence of the two hydroxyiated metabo-
Lites {Fig. 1}, 3-hydroxydiazepam and oxazepam (3-hydroxynordiazepam) in
plasmea after administration of diazepam has been reported {14, 24]. The re-
ported plasma concentrations of 3-hydroxydiazepam and oxazepam were as
high as 180 ng/ml and 298¢ ng/ml, respectively, during chronic administration
of 20 mg diazepam three times daily for 10 weeks [14]. To determine if the
presence of these hydroxylated metabolites eaused any interference in the anal-
ysis of diazepam and nordizzepam, known amounts of authentic standsrds of
these two compounds were added to control human plasma and assayed by the
method described, with the exception of the internal standard. Both hydroxyl-
ated metabolites are chromatographically resolved from dizzepam and nordi-
azepam, having tp values of 2.8 min (oxazepam) and 8.7 min (3-hydroxydiaze-
pam}. The recovery of the two hydroxylated metabolites from plasma was de-
termined to be approzimately 100% (3-hydroxzydiazepam) and 50% (oxaze-
pam}. The sensitivity limits would be only 50—108€ ng of each compound per
milliliter of plasma under conditions described.

The presence of 3-hydroxydiazepam {fp 8.7 min} in an extract would inter-
fere with the internal standard used in this method. However, in the routine .
analysis of two thousand plasma samples collected following single and during
chronic oral administration of diazepam in normal, healthy male subjects, no
evidence of either hvdroxylated metabolite was detected. The use of griseo-
fulvin as the internal standard (¢ 13.0 min), is suggested to avoid possible
interference from 3-hydroxydiazepam.

Appiication of the methad to biclogical specimens

The plasma levels of diazepam and nordiazepam were determined in six heal-
thy male subjects in g study comparing the steady stafe pharmacokinetic pro-
files of diszepam: and nordiazepsm when the {otal daily dose of diazepam was ™
divided intoc three oral sdminisirstions (8§ mg three times daily at 7 a.m.,
12 noon and 5 p.um.) for & period of 14 days followed by 15 mg single oral
daily dosing for a period of 10 days [35]. During the three fimes daily dasing
period, plasma Ievels were megsured following alt three doses on day 1 and fol-
lowing the first and third doses during the remainder cf that dosing regimen.
During the once a day dosing treatment, plaama [evels were measured following
each administration. The diazepem and nordiazepam plasma conceritration-
time curves for one subject are shown in Fig. 8.
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Fig. 8. Experimental plasma concentration—time profile curves of diazepam (ugﬁet} and
nordiszepam (desmethyldiazepam, lower) following oral administration of Valium** to ane
subject (No.2). On days 1 to 13, the dose wes 5mgat 0,5,2nd 10k {three times daily
regimen). On day 14, z¢ the time for the third dose, the regimen was crowed over to 15 mg
every 24 h for an additional ten days. Abecissa represents time after each dose. Insert at
bottom right portian of ezch curve ilustrates the fell-off profile of diazepam and nordia-
zepam at times following the last sdministered dose. For dizzepam, computergenerated
theoretical curves assuming & linear two-comparitment open madel system with first order
absorption, is alse shown (see ref. 35 for complete details).

CONCLUSION

A rapid method for the determination of diazepam and nordiazepam in
humean plasma was developed. The method incorporstes many desirable aspects
of previously reported assays, but has significently reduced the complexify of
the sample preparatory sfeps by eliminafion of many sample manipulation
steps, including multiple extrgctions, fransferzs, and solvent evaporation. The as-
say is essentially 2 one-step, one-tube extraction procedure utilizing methyl-
nifrazepam as the interna! standsrd, followed by GLC analysis through infer-
facing an electron cepture linearizer, *Ni ECD, ALS and & minicomputer
based data system to provide a nearly totally aufomated assay for diazepam
and nordizzepam. ~ S
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