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Flurazepam, flunitrazepam, and temazepam are benzodiazepine derivatives 
which are used either as hypnotics, tranquillizers, or in anaesthesia (Fig. l)_ 

Fig. 1. Structure of flurazepam, temazepam and flunitrazepam. 

Flurazepam is very rapidly metabolized in man and only trace amounts of 
unchanged drug can be measured in plasma [I]. Its major metabolite is the 
N-desalkyl derivative, which is slowly eliminated from the body and which 
has psychopharmacological activity similar to that found for flurazepam. 
This metabolite is probably largely responsible for the hypnotic and persiatint 

sedative action of flurazepam, Temazepam has no active metabolites; flunitra- 
zepam is active as such, but probably also has active metabolites [S] _ These 
drugs have shorter elimination half-lives and are shorter-acting than flura- 
zepam [3,43 _ 

As it was our aim to perform a comparative pharmacokinetic study in man 
of several benzodiazepines used as hypnotics (nitrazepam, fhmitrazepam, 
temazepam, triazolam and flurazepam), assay methods had to be developed 
which were not only rapid but also sensitive enough to measure plasma con- 
centrations for at least three times the elimination half-life of a particular 
compound after a single therapeutic dose. 
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Various gas chromatograpbic methods for the determination of fhmitra- 
zepam, desalkylfiurazepam and temaze pam in plasma have been described_ 
These methods either determine the intact drug or the benzophenone deriv- 
ative, which is obtained upon acidic hydrolysis of benzodiazepines [5-12]_ 
This latter procedure, however, is not very suitable because it gives rise to 
serious loss of specificity. Recently high-performance liquid chromatographic 
procedures have been deveIoped for the determination of benzodiazepines 
in plasma 113,143 _ All methods described, however, are generally rather time 
consuming and often do not reach the sensitivity needed for a pharmaco- 
kinetic study in man after a single therapeutic dose (sensitivity requirements 
for plasma are desalkylflurazepam I ng/ml, flunitrazepam 0.1 ng/ml, and 
temazepam 5 ng/ml)_ 

Another disadvantage of previously pubLished assay methods for benzo- 
diazepines is the use of benzene for extraction from biological Buids. This 
solvent is very toxic and its use should be prohibited whenever possible_ 

Recently an assay method for the determination of underivatized nitra- 
zepam was developed in our institute, using gas chromatography with a sup- 
port-coated open tubular (SCOT) column, a solid injection system and elec- 
tron-capture detection [15]_ This method has proved to be sensitive, specific 
and rapid_ With some modifications it could also be satisfactorily applied for 
triazolam and the details of that method are described elsewhere [l6] _ In 
this paper the application of a similar gas chromatographic method is pre- 
sented for temazepam, flunitrazepam and desalkylflurazepam in plasma. 
Temazepam had to be converted into its 0-trimethyisilyl derivative (TMS- 
temazepam) according to the method of Belvedere et al. 163, whereas fluni- 
trazepam and desalkylflurazepam were determined as unchanged drugs. 

E_XF’ERIMENT.AL 

Drugs and chemicals 
Flunitrazepam (Rohypnol, Hoffmann-La Roche), desalkylflurazepam, 

active metibolite of flurazepam (Dalmadorm, Hoff&arm-La Roche), nor- 
diazepam, metabolite of diazepam and diazepam (Valium, Hoffmann-La 
Roche) were kindly supplied by Hoffmann-La Roche (Basle, Switzerland); 
temazepam (Levanxol, Farmitalia; Normison, Wyeth) was obtained from 
Wyeth (Amsterdam, The Netherlands)_ 

For the preparation of the standard solutions, ethanol (p-a_ grade) (E. 
Merck, Darmstadt, G.F.R.) was used; the other organic solvents were freshly 
distilled (J-T. Baker, Deventer, The Netherlands)_ For the derivatization of 
temazepam, N,O-(trimethykilyl)acet.amide (BSA) (Chrompack, Middeiburg, 
The Netherlands), was used_ 

Extraction procedure 
To 1-O ml of plasma in a centrifuge tube (in the case of temazepam, 0.10 ml 

of plasma and 0.90 ml of distilled water) were added 50.0 ~1 of ethanol con- 
taining a suitable internal standard (see Table I) and 1.0 ml of 0.2 M borate 
buffer (pH 9.0). After homogenization the sample was extracted twice with 
5 ml of pentane-dichloromethane (1:l) for 15 set on a whirlmixer. Follow- 





202 

r 
-- 



203 

RESULTS _4ND DISCUSSION 

Assay procedure 
Fig. 2 shows gas chromatograms of extracts of plasma samples taken 1 and 

24 h after oral ingestion of 15 mg of flurazepam, 10 mg of temazepam and 
1 mg of flunitrazepam, as well as gas chromatograms of the corresponding 
blank extracts. Diazepam was chosen as internal standard for temazepam 
assay; for both desalkylflurazepam and flunitrazepam, nordiazepam proved to 
be the most suitable internal standard_ Other benzodiazepines were deliberately 
chosen as internal standards because of the similarity in chemical structure, 
extraction and chromatographic behaviour. There is a good separation between 
drug and internal standard, and from the blank chromatograms it appears 
that no interfering substances are co-extracted_ 

According to the standard curves there is good linearity between the detec- 
tor response (peak height drug/peak height internal standard) and the concen- 
tration of the compound to be determined in the following ranges: desalkyl- 
flurazepam 3.75-25 ng/ml, temazepam 1-25 ng/O.lO ml, and flunitmzepam 
0.1-10 ng/ml. The correlation coefficient of such curves was not less than 
0.999. Extraction yields determined in the same concentration ranges appeared 
to be constant and linear with concentration with mean values as follows: des- 
alkylflurazepam 93% (relative standard deviation at each concentration was 
6% or less, n = 4); temazepam 65% (relative standard deviation at each con- 
centration was 18% or less, n = 4) and flunitrazepam 95% (relative standard 
deviation at each concentration was 12% or less, n = 4). 

Fig_ 3 shows the plasma calibration graphs for the three compounds. For all 
three benzodiazepines the correlation coeffiecient of each individual curve 
was greater than 0.999, illustrating the good linearity of the method for each 
of them, The highest value of the standard deviation observed at each concen- 
tration as well as the lowest measurable concentration are given in Table I, 

Human experimen fs 
The utility of the present method for the assay of desalkylflurazepam, tem- 

azepam and flunitrazepam after a single therapeutic dose was demonstrated in 
a preliminary study with healthy volunteers. Three healthy female volunteers 
swallowed 1 mg of flunitrazepam, 15 mg of flurazepam or 10 mg of tem- 
azepam with 150 ml of tap water after an overnight fast, The drugs were ad- 
ministered in a cross-over design with intervals of at least three weeks_ No 
food, fluid, or tobacco was allowed for 3 h after drug administration. Blood 
samples were taken 20, 40, 60, 80 and 100 min and 2, 3, 4, 9, 24, and 48 h 
after drug administration, for all three drugs, from a forearm vein by means of 
a flexible venous canula for the first 4 h and subsequently by venous punc- 
ture_ Additional samples were taken after 6, 12 and 32 h for temazepam, after 
6,32 and 72 h for fhmitrazepam, and after 96 and 168 h for flurazepam. Blood 
clotting was prevented by adding a small drop of heparin solution (5000 
I.U./ml) to the samples. After separation, the plasma samples were stored 
at -20°C until +&en for analysis. The plasma concentration profile obtained 
for one volunteer is shown in Fig, 4. Desalkylflurazepam was already detectable 
in the first sample taken after flurazepam administration and the concentra- 
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Fig- 4. Plasma level profile on semi-logarithmic scale following oral administration of tem- 
azepam (10 mg), desaikylfhuazepam (15 mg fiurazepam) and fiunitrazepam (1 mg) in a 
healthy volunteer_ The drugs were given at intervals of at least 3 weeks. 

tion continued to increase slowly until 9-24 h after ingestion_ The half-life 
of desaIkyh%razepam was found to be very long (73-97 h) which is in agree- 
ment with the values found by Kaplan et al, Cl] _ Flunitrazepam and tem- 
azepam were &irly rapidly absorbed with a mean tmax of 1.0 h. After the 
peak concentration had been reached, there was a rapid decrease in concen- 
tration of both drugs, most probably due to distribution of the compounds 
from plasma into tissues_ From the subsequent monoexponential concen- 
tration decay the elimination half-lives could be derived; for temazepam this 
was 10-21 h and for flunitrazepam 18-49 h (Table II). 

TABLE II 

PHARMACOKINETI C PARAMETERS* OF DESALKYLFLURAZEPAM (DAF), TEM- 
AZEPAM (Te) AND FLUNITRAZEPAM (FN) FOLLOWING ORAL ADMINISTRATION 
OF 15 mg DALMADORM, 10 mg LEVANXOL AND 1 mg ROHYPNOL, RESPECTIVELY 

Subject f,, (h) C ms (ng/mi) to el (h) 

DAF Te FN DAF Te FN DAF Te FN 

I-S_ 24 1.0 1.3 17.4 158.8 5.8 93.0 10.6 18.7 
L.S. 9 1.0 1.3 17.5 211.8 6.2 73.4 20.9 48.7 
M.R. 24 1-o 0.3 21.7 214.6 6.3 97.1 13.7 17.5 

l fnxu = time of peak concentration, C,, = peak concentration, tss ,=.J = elimination half-life. 

CONCLUSIONS 

The procedure described for the quantitative determination of desalkyl- 
flurazepam, temazepam and flunitrazepam in plasma is rapid and reliable_ 
Furthermore, the sensitivity permits the measurements of the plasma concen- 
trations for at least three times the elimination half-life after therapeutic 
dosing for ah three drugs, From the results of the preliminary study in healthy 
volunteers it appears that the method is suitable to be applied in pharmaco- 
kinetic studies in man after a single therapeutic dose. 
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