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leads to loss of specificity. Others require derivatiation, e.g. methylation 
115, 161 and tximethylsilylation 120) _ In addition, hboriou~.~b&i~n PBXI- 
cedures are often required for the isolation of the compounds from blood 
or plasma, which, in addition to chemical manipulation and long-ret&&ion 
times, can make such methods very time-consuming. 

It was our aim to develop a method for the assay of nitrazepam in plasma. 
that could be applied to pharmacokinetic and bioavailability studies in man. 
The method should therefore be specific and sensitive and also rapid because 
of the great number of samples to be analyzed. The use of a so-called SCOT 
column (supportcoated open tubular column) together with elecfzon-cap- 
ture detection proved to be suitable for our purpose. Next to nitrazepam, 
it was found that clonszepam could be analyzed equally well with this method. 

MATEXIXLS A_ND METHODS 

Cab-OSil (fumed silica, non-silanized, Grade M5; Carbot Corp., Boston, 
Mass, U.S.A. Duran 50 glass (Schott-Rub&as, Bayreuth, G-F-R.); benzyltri- 
phenylphosphonium chloride (Aldrich, Milwaukee, Wise., U.S.A.); Carbowax 
2OM (Cbrompack, Middelburg, The Netherlands); OV-17 (Cbrompack); distilled 
dichlorometbane (Baker, Phillipsburgb, N-S., U.S.A.); distilled light petro- 
leum (b-p. 40-60”, AnalaR grade; BDH, Poole, Great Britain); distilled ethyl 
acetate (Baker); nitrezepam (Hoffmann-La Roche, Basle, Switzerland); Moga- 
don (Hoffmann-La Roche) tablets containing 5 mg uitrazepami. Sameko 
tablets (Sameko, Katwijk, The Netherlands) containing 5 mg nitrazepam; 
clonazepam was a gift from Dr. T.B. Vree, Laboratory of clinical Pharmacy, 
Radboud hospital, Nijmegen. 

Extraction pmcedun 
To 1.0 mi plasma in a centrifuge tube were added 25 ~1 ethanol conmining 

25.0 ng clonazepam (internal standard) and 1.0 ml borate buffer (0.2 M) 
pH 9.0. After homogenization the mixture was extracted twice with 5 ml 
light petroleum (b-p. 40-60°)-dichloromethane (1:l) on a Cenco whirhnixer 
for 20 sec. After ce&rifuging for 5 min at 2500 g, the upper organic layer 
was removed with a pasteur pipette and transferred to a conical evaporation 
tube, The solvent was evaporated to dryness at 50-60” in a flow of dry ni- 
trogen on a water bath_ The residue was .dissolved in 50 ~1 ethyl acetate and 
l-2 ~1 of this solution were brought onto the needle of the solid GC injection 
system. After evaporation of the ethyl acetate the residue was injected into 
the gas cbromatograph. The whole extraction procedure is represented in 
Fig. I_ 

A Hewlett-Packard Model 5713A gas cbromatograph, equipped with a 63Ni- 
pulsemodified electron-capture detector, wasused;- The solid-injection system 
was a modified pnolysis~system (Becker, model 767) which hti been used 
by Driessen and Emonds 1211 for the determination of antiepileptic drug& 
Temperatures: injection port, 250”; column, 230”; det&tor, 300%. Gas flow- 
rates: through the column 10 ml/mix& argon--metharie~(95:5); adary -gas, 



.I0 ‘sd plasma .:. -: - : 

Ulcnlbwate buffer pHsbtQZMJ~ -’ _- 

25ngcIaMzepam”a2SuleihdnoiI~~ 

secandextmctii 
4 

Fig. 1.~kractio~sche~eforthe kOk&iOQ ofQitreZepamfrornph&andthesubsequent 
gaschrornat0graphiccieterminatiion. 

argon-methane (955) was added at the end of the column to obtain a total 
flow-rate through the de&for of 35 ml/min. Capillary columns were Prep- 
ared tising a Hupe and Busch glassdrawiqg machine. The glass column (Duran 
50) had a length of ‘IO m, and LD. of 0.40 mm and an 0-D. of 0.80 mm. 
The column was. cleaned with acetone and carbon ketrachloride. The support 
material (0.5 g Cab-O-Sil Grade M5) was deactivated with 2 ml of a 1% solution 
of benzyl triphenylphosphonimn chloride. (BTPPC) in dichloromethane. The 
excess BTPPC was removed by washing the support makrial tprro times with 10 
d of dic~~oromethane. After centrifugation the dichloromethane was decanted 
and the support ma’i;erial was suspended in 15 ml carbon tetxachlorid~ by 
placing it in an titrasonic bath for 25 min. The colump was coated w$h this 
suspension at. a rate of about 10 cm/set. Before coating a small plug (+ 40 cm) 
df carbon tekachloride was brought into the colqnn and immediately followed 
by the suspension in order. to prevent blacmg of the column. At the end of 
the cohnn 3 dtq.my co&mn (25% of .the column length) was attached in 
-o+r ti_ prevent a-sudden rk+ @ the coating rate when the suspension starts 
to, &i+e.th& c&mq. After the suspension &ad left the cohmq the flow through 
-the c&m.n was &qeased for 3 h for, drying and also to prevent droplets 
fomqRngi.;. 
The cohmn was then &a&ivated <y coking dynamically v&h a 1% sohr- _ 

tion of Carhowax 20M in dichloromethane at a rate of 5 cm/set. After drying, 
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the column was coated dynamically with a 3% solution of OV-17 in dichlorb- 
methane. at a rate of 5 cm/set. The column was dried for-3 h with a nitzogen 
flow of 20 ml/min. The column was conditioned overnight by starting with 
temperature programmin g from 50” up to 270” at a rate of l”/min and then 
being kept at 270” overnight. A similar column preparation has been d-bed 
previously 1223. 

For the identification of the compounds eluting from the gas chromatograph 
an LKB-2091 combined gas chromatograph-mass spec+ometer equipped 
with a PDPzll computer system was used. 

Prep;aration of calibration curves 
The concentration of nitrazepam in plasma was calculated with the aid of 

calibration curves prepared by adding known amounts of nitrazepam to 1.0 
ml blank plasma. These standard samples were analyzed by the same procedure 
as described above and the ratios of the peak areas of nitrazepam to internal 
standard were plotted against the known concentrations of ~nitrazepam: The 
same procedure was followed for estimating the extraction yield of nitrazepam 
from plasma at various concentitions, except that clonazepam was used as 
an external standard (25.0 ng). The ratios found were compared to the ratios 
of standard amounts of the drugs. Calculation was carried out manually by 
calculating the peak area (peak height X peak width at half peak height). 
Before analysis of a sample series, calibration was always carried out using 
two plasma samples containing known concentrations of nitrazepam. Stock 
solutions of nitzazepam and clonazepam were stored in the refrigerator at 
4” to avoid possible decomposition 1231. 

Iiurnan &&dies 
Seven healthy male volunteers (aged 20-23 years, body-weight 64-86 kg) 

participated in the study after they had been medically examined. -At an 
interval of two weeks each vohmteer received one tablet containing 5 mg 
nitrazepam. Two different brands (Mogadon and Sameko) were used in a 
crossover design. Subjects were instructed not to take other drugs or alcohol 
from 24 h before, until 24 h after, the beginning of the experiments. In addi- 
tion they were not allowed to drive a motor vehicle for 48 h following drug _ _ 
admnns&ation. 

After an overnight fast, at 9 a.m. the volunteers swallowed the intact tablet 
with 150 ml tap water. Initially they were asked to remain in an upright posi- 
tion for-15 min and then to he down for at Ieast 3 h; This procedure was under- 
taken in order to simulate as closely as possible the situation of taking a hyp- 
notic drug and going to bed. No food, fluid or tobacco was allowed for 3 h 
after drug administration. Blood samples were taken at %, W, %; 1,1X, l%, 
2, 2M, 3, 4, 6, 8, 24, 32, 48, 56, 72, and 80 h from a forearm vein, for the 
first three hours of the experiment by means df a-flexible venous cammla 
with injection valve. After three hours blood samples were taken by vexmhs 
puncture. Blood clotting was prevented by. adding & sm&l drop of heparin 
solution (5000 I.U./ml) to the samples. After centrifugation the plasma Sam- 
ples were stored in the refkigerator at -20” until analysis. . ; ..-. -- : .- 
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RESULTS AND DISCUSSION’ 

Assay procedure 
Fig. 2 shows gas cksomatograms of. @asma exkracts of 

taken 1% and 80 h after oral ingestion of a tablet containg 5 
plasma samples 
mg nitrazepam, 

as well as the gas chromatogram of a blank extzact. There is no interference 
from endogenous plasma substances or metabolites and retention times are 
short. Clonazepam .was chosen as an internal standard in the assay of @EEZ~- 
pam and the two peaks are well separated at low and high concentrations. 

Identification of the compounds elu&.ng from the gas chromatograph was 
carried out by means of combined gas chromatography-mass spectrometry 
(LKB-2091 with PDP-11 computer system).-.Figs. 3 and 4 show the com- 
puter plots of the mass spectra of niirazepam and clonazepam respectively. 
By comparison of these mass spectra with direct inlet mass spectra of the 
pure reference substances it can be concluded that nitrazepam and clonaze- 
pam both leave the gss chromatographic column unchanged, so that they 
are being determined in intact form. 

According to the standard curve (Fig_ 5) there is a linearity between the 
detector response (peak area nitrazepam/peak area clonazepam) and the 
concentration of nitrazepam between 10 and 100 ng/ml plasma. Also in Fig. 
5 are given recovery values for the same concentration range. In spite of the 
short extxaction time (20 set) the recovery of ni&azepam from plasma is high: 
average of 92% (S.D. at each concentration 3.5% or less; n = 4). The reliabil- 
ity of the whole procedure is also reflected in Fig. 5, which shows the 

zti vzhfzz E.D. 
calibration graphs made on different occasions; the 

was 4.9%. The present procedure c&n also be used 
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Fig. 2.Gaschrciniatograms ofaidl plasmaextractobtained from avolunteerimkedi- 
afAy~befoore~(middle), and 1.6 h(right) and 80 h (left) after, receiving S mg nitrazepam 
orally. N = Nitrazepam, C = clonazqmn (mM siandard, 25.0 ng/ml plasma). 
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Fig. 3. Normalized eleckn-iinpact mass spectzum of nitrazkpam obtained -by. apply&g a 
plasma extract to the LKB-2091 gas chromatogra~ * spectrometer. 

Fig. 41 Normal&d electron-impact inahs &&mm of clonazepam obtained by applging 
a plasma extract to the LXB-2091 gas .&omatograph-mass spectrometer. 

for the determination of kderivatized clonazepam in plasma, using nitqze- 
pam as M internal standard (25.0 ng/ml). The mean recovkry of clonazepam 
from plasma by the same extraction procedure ~18s 7546(highest CD. 5.9%; 
n = 4). The mean of three calibration graphs for clonazepam made on differ- 
ent occasions showed a highest S.D. value of 4.2%. 

I! appears _ that the. prese+ method. pennifs -.th$ wcura~ ~9, ~g~@fic deter- 
mination of undekivaihd 7 r&&i&p& and.. e$nazep~ $n p-a i.q @&k@$ 
low concentrations_ : The. ~dekection E.&k is’ about 1 .ng nitrazepam Or _dimaze- 
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Fig. 5. Peak .area- ratio. of -nitiaze~ to-;&A-pam,(25,0 ng) ,as a fen&ion of knoprm 
nitipam concentrations. The standard curve was obtained with stock soiuti&s of the 
two drugs; the every line was obtained by extraction of nitrazepam fry= plasma, using 
&m&q&m a$e&mal &ndard; the ~caIibr&ion giaph %vas obtained by qAraction of ni- 
trazepam&oni plasma, using clonazepam as intern4 standard. 

: 

pam per & of plasma. The use of the cap& OV-1’7 SCOT column appears 
to be a definite improvement in the analysis of these two benzodiazepines 
and many samples can be analyzed in short time. An addition advantage 
in using capillary columns is the low cohmm bleeding which is particularly 
important when Uing electioncapture detection. A solid &jet&ion system- 
is re@red in order to prevent deterioration of the column support, ca@ed 
by organic solvents. Whether the present procedure is also suitable for mon- 
itoring nitrazepam or clonazepam in clinical situations req*& further -in- 
vestigation, especially with reference to interf+ence by- co-administered med- 
ications. So far, interference by oxazepam, lorazepam, fkrazepGm, chlor- 
diazepoxide, nordiazepam, diazepam, hydroxydiazepam and medazepam 
can be excluded. PreGminarp studies :on the metabolism of nitrazepam in 
humans have indicated that its major met&o&s do not interfere with @i 
assay of the parent compounds. 

Phmmucokin$ie and bimzm&bility studies in humans 
The presetit assay procedure wasprimarily developed because of the need 

for more information concerning the .ph~acokinetics and- dispos\tion- of 
the extensively used hypnotid tig nitrazepam in hUma& follbtig th&a- 
peutic -dosage. So far, qnly .the. kwz&gations by Rieder, [9] have--yielded 
reEabk . d&t3 oh c.plasnia elimination--half-liv& of. nitrazepam in man.- Apart 
from drug disposition ~dat&thete- is‘ -‘a’ @o&g ~n&d -for bio~vailabili~ d&k- 
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minations of nitraxepam-containing pharmaceutical preparations;- :Ari--in?reas- ..-.. 
ing number of these preparations are becoming commercially available aad 
it is important to .shoy their bioequivalence, with respect both to their r&e 
and extent. of bioavailabiity. A rapid rate of absorption is expeciahy impor- 
tant in hypnotic drug therapy, because if .early_ sleep is not obtained (due 
to slow absorption of the active iugredient) the patient may be tempted to take 
a second dose, which may lead to overdosage and prolonged drug effects 
124, 25]_ It is for this reason that in the present study many blood samples 
were taken during the first three hours following drug intake. From previous 
studies 19, 131 detailed information concerning the absorption rate of ni- 
trazepam cannot be obtained. 

Two tablet preparations, each containing 5 mg nitraxepam (Mogadon and 
Sarneko), were compared in a cross-over way. The results for one volunteer 
are shown in Fig. 6. Nitraxepam is in this case more rapidly absorbed from 
the Sameko preparation (tmax = 45 min) than from the Mogadon tablet 
(Gilax. = 2 h). After termination of absorption there was an initial rapid 
decline of the plasma concentration, which is probably due primarily-to dis- 
tribution of the drug in the tissues. Subsequently, a definite increase in plasma 
concentration occurred in most cases between 4 and 7 h following drug ad- 
ministration. This may be caused by a redistribution process i.nitMed by 
iutercurrerit food intake, as was recently shown to occur also -for diazepam 
[26,27]_. . 

Later the plasma concentration time course fohowed a monoexponential 
decay (Fig. 6); from which elimination half-lives could be calculated. The 
relevant pharmacokhretic parameters are summarixed in Table- I. The areas 
under the curve were normalized for the differences in elimination half-life 
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Fig. 6. Shasta concentratioix curves isi sestui~ogarithmic sate of nitraZepam in a healthy 
vohx&er following admhistkation of s Mogadon. tablet- and of a Sameko &Met. rI’fie +a~ 
iorzs pharmacokinetic parametem for .tk.is voh+eer a~Sgiven in Table I_ _ : : : I 



in the same individual and also for tht$und&t++n% ~ti until hxfiniw [ZS]. 
The elimination half-life of nitzmep~-v&ed betw&i :13.h: and. 34. h, with 
a mean value of 27 h, which result & .i&‘god &gre&%& tvi’th that’ rep@ed 
by Rieder [9]. There was less &&ra~%han&ersubj&&iabilit$ &~e&xination 
halRife (Table I). The average peak level times (fm&) -were :88 and 38 min 
for the Mogadcm aud Sameko~ tablets r+pectively. However, these values 
appeared not to be statistically significantly different. (paired $’ test). With 
respect. to the $+t of bioav+lab& there .is no hnportant difference (despite 
substzm~ intersubject variation) between the two preparations. 

VARIOUSP HARMAco~cPAR~ 
- _ 

Ellmlnation IialHives (t&l_). +%k Ieveitimee(tmax.), areas under the plasma concentration 
curves (AUC). and relative bioavailabiity (96) of n+azepam fouoying the adminktration of 
Mogadon~~tabtets (MO) a.& Sameko tabbts (Sa), each containing 5 mg nitrazepam. 

Subject ha.(h) hnss.(~) AUcqmg&- ) AUC(Sa) 

AUc(M0) x loo%. 

MO Sa MO Sa MO Sa 

K.W. 28 28 120 45 1361 
LB. 32 34 45 45 1301 
XL. 32 33 30 30 909 
S.V. 28 28 30 45 1006 
B.R. 26 25 60 45 515 
P.B. 34 25 240 30 1318 
G.B. 18 13 90 30 972 

meanvalues 28 27 88 38 1097 

1101 
1613 
1004 
969 
754 

1115 
566 

1017 

81 
124 
110 
96 
92 
85 
58 

92 

ACKNOWLEDG- 

The authors wish ts thank Dr. H. Mattie, Department of Clinical Phmna- 
cology, University Hospital, Leideu, for supervising the huxnau studies, Mrs. 
J. Gubbens-Stibbe for taking the blood samples, Drs. N9.E. Vermeulen for 
taking the mass-spectra, Mr. L. Bontje and co-workers for drawing the capil- 
lary columns and Mr. L.W. Germ&e and co-workers for constructing the solid 
injection system. 

REFERENCES 

1 O.pribillrt,~eim.-Fo~.,~O(~965)1148. 
2 J.Rfeder, Arzneirm-Forsch.,lO~(1965)1140. 
3 I-I. O.+dchhg~, J. Volke, G-3’. Luin and U. Frank, Anneim.-Fomch., 16 (1966) 82. 
4 H. OelschIager, J. Vi&e and G.T. Luin, Annein-Forth., 17 (1967) 637. 
5 H. OeTs&hger; J. Volke and G.T_ Luin, Arch. Pharm. Q&h&h), 298 (1965) 213. 
6 J. Etieder, Artmeirm-FOB&_, 10 (1965) 1134. 



114 

7- SL.T~~~~,.J.~,P~o~.i.2~-(1968)366. ‘:-It .. ;_ I ..- : I._ i 
8 J. Rieder, Aszneim.-Fqscb.,.23 (1973) 207. 
9 6: @&.zder,+zr@i&~Fo~~+._; 23(1973)_2i2; 

; ., 
- :- : : .: ’ 

J: Rieder; Anne@_-Fox&; 10 (1965) 1142.~ 
C.G. ScottandP; Bommer; J. Ch&matigr. Sci., %(1970) 446. .- ’ 

10 
11 
12 

:: 
15 
16 

D.J. Weber, J.Pbzm. -.,I61 (1972):1757. :_ _. 
JC_ Mdkr dense+, J. .$+omatogr., $11(1975) 389. 
D.&I, Hailey, J, Cbromatogr., 98 (1974) 527. 

17 
18 
19 
20 
21 

-. H:Eh&on and A;%‘illy, A&& Lett., 6.(1973) 197. : 

J.A.F. de &a, I. &hew, C.V. Pnglisi, M.A. Brooks and R.E. yeinfeld, AI& -them;, 
48 (1976) 10.. : 
A. V&da, J.-P. &no ana A. &geletti-Philippe Eur. J. Toxicol., 4 (1971) 109. 
GP. Beharrell, D.M. Hailey and MX. M&a&, J. Chromatogr., 70 (1972) 45. 
Y. Masuda; Jap. J. Leg. Med., 25 (i971) 445. 
MS. Greaves, Clin. Cbem., 20 (1974) 141. 
0. Driesen and A. Bmonds, Ken. Akad. We&w& Am&e&m, Ser. &, 77(2) (1974) 
171. 

22 

23 
24 

25 
26 
27 
28 

CA. Cramers, EA_ Vermeer, L-G. v. Kuik, JA_ Hulsxwq +nd CA. Meyers, Clin. Cl&n. 
Acta, 73 (1976) 97. 
H-J. f(nop, E. v-d. KIeijn and L.C. Edmunds, Pbarm. Weekbl., 110 (1975) 997. 
D.D. Breimer, in WA. Gouveia; 6. Tognoni and E. vari der Kleijn (Editors), clinical 
Pharmacy and clinical PJwmacology, North-Holland, Amsterdam, 1976, Ch. 2, p. 17. 
D.D. Breimer, Clin. Phannacokinet., 2 (1977) 93. 
M. Lbmoila, K. KorMa and M.J. Mattila, Acta Phannacol. Toxicol.. 36 (1975) 181. 
K. Korttila and L. Kangae, Acta Pharmacol. Tosicoi., 40 (1977) 241. 
D-D. Breimer, Pharm. Weekbl., 111(X976) 1121. 


