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Clobazam (CLB), with anticonvulsant [l-4] and anxiolytic properties ]5- 
111, was synthesized by Rossi et al. 1121 in 1969, and was the first example of 
a l,!%benzodiazepine_ Clinical investigations have indicated that CLB is effec- 

tive against various forms of epilepsy [4,13-151, and for this reason it is now 
coming into use as an antiepileptic drug. There is no evidence that CLB metab- 
elites have antiepileptic properties_ 

The pharmacokinetics and the metabolism of the drug have been studied by 
the rachoreceptor technique [16] both in various animal species and in man 
11’7,181. The structures of several metabolites of CLB have been ckuified 
recently. The N-desmethylation and the 4’-hydroxylation metabolic pathways 
were found to be the most important ones in animals and man. The metabolism 
of the 1,5_benzodiazeLfines in the hydroxylation pathway is markedly different 
from that of the more diffuse 1,4-benzodiazepines in the same pathway (4’-oxi- 
dation as opposed to 3-oxidation); the metabolism in the dealkylation pathway 
is similar in both [18]. 

The concentration of Ndesmethylclobazam in plasma has been found to be 
eight times higher than the concentration of the parent drug after long-term 
administration ]1;11, whereas no information is available about the concentra- 
tion of 4’-hydroxyclobazam in plasma. A method for measuring CLB and N- 
desme_thylclobazam in guinea-pig plasma by means -of a gas cbromatographic 
(GC) technique has been published 1191; unfortunately it cannot be used to 
deter&e the concentration of CLB in the plasma~of human subjects who are 
taking -other drugs, because these cause additional interfering peaks in the 
ch&natograms which invalidate the analysis. Another method for the deter- 
mination of CLB in plasma by afluorirnetric te&nique [20] has been published 
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but it has a low sensitivity (50 ng/ml) and it is possible that co-medications 
may interfere with the formation of the fluorophore of CLB. 

Our purpose was to develop a simple and fast method for determining the 
concentration of CLB, suitable for routine clinical application and sufficiently 
specific with regard to the presence of other common co-medications_ 

EXPERfhIENTAL 

Reagents and standards 
All chemicals were of analytical-reagent grade or better and were checked for 

chromatographic purity before use_ Clobazam [7chloro-1-methyl-5-phenyl-lH- 
1,5-benzodiazepine-2,4-(3H,5H)-dione] was kindly supplied by Hoechst 
(Frankfurt/M., G.F.R.). Methylclonazepam [7-nitro-1-methyl+(ochlorophen- 
yl)-3H-l.4-benzodiazepine-2-(lH)-one] was kindly supplied by Roche (Milan, 
Italy) and was employed as the internal standard_ Stock solutions of CLB and 
methylclonazepam were prepared in methanol to give a concentration of 1 
mg/ml of each compound_ Plasma standards of 10, 30, 60,150, 300 and 500 
ng/nit of CLB were prepared by adding the required volumes of a standard 
30 pg/ml solution of CLB to drug-free pooled plasma. Plasma standards were 
then divided into l-ml samples and frozen at -20°C (calibrator samples)_ 

Appamtus 
A Sigma 3 gas chromatograph (Perkin-Elmer, Norwalk, CT, U_S_A_) equipped 

with a nickel-63 electroncapture detector (ECD) was used. The glass column 
(0.5 m X 3 mm ID.) was packed with GP-2% SP-2510-DA on lOO-120-mesh 
Supelcoport (Supelco, Bellefonte, PA, U.S.A.) and was conditioned as in- 
dicated by the manufacturer [21] _ The GC conditions were: column temper- 
ature, 245°C; injector temperature, 300°C; detector temperature, 300°C; 
carrier gas (nitrogen) flow-rate, 80 ml/min. An LKB 9000 mass spectrometer 
equipped with a gas chromatograph was used under the following conditions: 
ionizing energy, 70 eV; ion source temperature, 290°C; accelerating voltage, 
3.5 kV; trap current, 60 PA_ The sample was introduced by either the direct 
inlet system (probe temperature 70°C) or the GC procedure using a similar col- 
umn to that described above. 

Extractibn procedure 
To 1 ml of plasma (calibrator samples or patient samples) were added 100 ~1 

of the dilute internal standard (40 ng/mI in methanol), 0.5 ml of 1 IV hydro- 
chloric acid and 4 ml of benzene. Test-tubes were mechanically shaken for 10 
min, then centrifuged at 1000 g for 5 min and 3.5 ml of the organic phase were 
evaporated to dryness in a vacuum evaporator at 45°C. The residues were 
dissolved in 100 ~1 of acetone and 1-2 ~1 of this solution were injected into 
the gas chromatograph. Calibration graphs were constructed of the peak-area 
ratio of CLB to methylclonazepam versus concentration of CLB. For each 
series of analyses a new calibration graph had to be prepared. 

Recouery 
Vtious amounts (0.3, O-5, 1.5 and 4.0 pg) of CLB were dissolved in 10 ml 
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of drug-free pJasma by adding a given volume of a standard solution of 30 gg/ 
ml CLB in methanol_ The plasma was divided into l-ml samples, which were 
used for the recovery study, These samples were extracted as described above 
but without adding the internal standard_ The residues were dissolved in 100 ~1 
of acetone containing 4 ng of methylclonaxepam. A second series of standards 
was prepared simultaneously by extracting 1 ml of drug-free plasma and then 
adding CLB and the marker to the dried extract at the concentrations noted 
above_ The analytical recovery was calculated by comparing the peak-area 
ratios of the extracted standards to the ratios obtained from the standards to 
which CLB had been added after extraction_ The absolute recovery was calcu- 
lated by correcting the analytical recovery by a factor representing the ratio be- 
tween the benzene volume added to and the benzene volume removed from the 
plasma and evaporated during the extraction procedure. 

Linearity 
The lineabity was calculated by using the results obtained from the calibra- 

tion graphs (from 10 to 500 ng/ml). 

Reproducibility 
Four p?asma samples of 10 ml each (containing 100 ng, 600 ng, 1.5 pg and 

4 pg of CLB) were prepared by adding given volumes of a standard 30 pg/ml 
solution of CLB in methanol. The plasma was divided into l-ml samples and 
was kept frozen at -20°C until taken for analysis_ The analyses were performed 
ten times, about once every twelve days over a period of 4 months using the 
above method. 

Interference from other drugs or substances 
To determine the potential usemess of the procedure, we checked for 

possible interferences from other antiepileptic drugs (phenobarbital, mepho- 
barbital, primidone, carbamazepine, phenytoin, ethosuximide and valproic 
acid), some of the most important benxodiazepines (diazepam, 3-hydroxydi- 
azepam, oxazepam, N-desmethyldiazepam, clonazepam, nitrazepam, prazepam, 
flurazepam. flunitrazepam, loraxepam, medazepam, bromaxepam and chlor- 
diazepoxide) and some other drugs and substances [caffeine, gluthetimide, 
amobarbital, quinidine, tbeophylline, cholesterol, a-methyl+-phenylsuccinim- 
ide, iminostilbene, 5-@-methylphenyl)hydantoin and 5-@-methylphenyl)-5- 
phenylhydantoin] by chromatographing physiological samples and pure stan- 
dards at normal therapeutic or physiological concentrations. 

Plasma of patients 
Samples of blood from patients receiving CLB orally twice daily (at 8 a.m. 

and 8 pm.) were taken in hep arinized test-tubes just before the morning dose. 
The plasma was separated as soon as possible, immediately frozen and stored at 
-20°C until taken for analysis_ 

RESULTS AND DISCUSSION 

Preliminary experiments indicated that GP-2% SP-2510-DA was the most 
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Fig- 1. GC response obtained with (A) extracted calibration sample, (B) extracted plasma of 
a patient undergoing therapy with clobazam, carbamazepine and phenytoin and (C) extract- 
ed plasma of a patient undergoing therapy with clobazam, phenobvbital and valproic acid. 
Peaks: (I) clobazam; (2) methylclonazepam (internal standard)_ Peaka marked with an aster- 
isk are unidentified compounds in the extracted plasma of patients undergoing multiple drug 
therapy. 

suitable GC stationary phase for the determination of CLB in the plasma of pa- 
tients under multiple drug therapy. With other stationary phases commonly 
used in benzodiazepine analysis, multiple peaks interfering with the CLB peak 
were evident in cbromatograms from the plasma of patients under co-medica- 
tion_ Unfortunately, Nxiesmethylclobazam (a basic compound) showed indica- 
tions of irregular adsorption to this stationary phase (which is specific for 
acidic drugs), so that this metabolite cannot be measured concomitantly. For 
these reasons, we decided to determine only the concentration of CLB in the 
plasma of epiIeptic patients under multiple therapy, leaving aside the probiem 
of its metabolite measurement. 

The extracts from drug-free plasma showed no interference from endogenous 
pIasma sustances. Fig. 1 shows a representative chromatogram of an extract 
from a pIasma calibration graph (A) and two chromatograms obtained from 
epileptic patients taking other antiepileptic drugs (B, C). We did not ob,cerve 
any exogenous interferences in the chromatograms which might have altered 
the C&B analysis, even when drugs and substances listed above were examined. 
Fig. 2 shows the mass spectrum of CLB, obtained after the GC procedure. It 
has a molecular ion at m/e = 300, which is also the base peak. By comparing 
the CLB mass spectrum obtained after the GC inlet %vith the direct-inlet-system 
mass spectrum, it could be concluded that CLB leaves-the GC column u& 

changed. Therefore, in our procedure, this substance was being measured in its 
intact form. 

The concentrations of CLB in calibrator samples and their respective 
readings were seen to be linearly r&&d; the line obtained by calculation with a 
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Fig. 2_ Normalized electron-impact mass spectrum of clobaaam obtained by injecting a plas- 
ma extract into an LEB-9000 gas chromatograph-mass spectrometer system. 

TABLE I 

RECOVERY OF CLOBAZAM FROM HUMAN PLASMA SAMPLES 

Amount added Amount found* Absolute recovery 

(nglmH (ng f SD_) (% = SD.) 

30 27.2 f 1.48 90.66 f 4.93 
60 53.7 5 3.34 89.50 + 5.57 

150 1352 5 6.42 90-13 t 4.28 
400 359.3 + 15.54 89.82 f 3.88 

Mean recovery 90.12 t 4.83 

*Each vahre is the mean value of four determinations_ These values have been corrected as 
described in the text. 

TABLE II 

REPRODUCIBILITY OF DETERMINATION OF CLOBAZAM IN HUMAN PLASMA SAM- 

PLES 

Amount added Amount found* SD. c-v. (a) 

(nglml) W/W 

10 9.97 - 0.45 4.5 
60 59.89 2.63 4.4 

150 150.30 6.53 4.3 
400 398.80 15.96 4.0 

*Each value is the mean value of ten determinations. 

leastsquares Linear regression method is y = 0.0071x f 0.0066; r = 0.999. The 

detection limit for CLB in-plasma using the described procedure is about 5 ng/ 
ml. The mean absolute recovery from four analyses of plasma samples contain- 
ing four different CLB concentrations was 90.12 2 4.83% (Table I). The results 
of the reproducibility study are ill~trated in Table II; the mean coefficient of 
variation was 4.3%. 
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In a series of 16 patients, aged from 4 to 47 years, with a CLB dosage of 
0.3-1.6 mg/kg/day (mean f SD. = 0.89 +- O-38), we found concentrations in 
plasma of 20-197 ng/ml (mean f SD. = 81.0 f 48-Q) regardless of the co-medi- 
cations. We did not believe it was useful to analyse these data statistically, as 
there are so many uninvestigated parameters (age, co-medications, etc_). The 
proposed method is: to the best of our knowledge, the most sensitive available 
for determining concentrations of CLB in human plasma when multiple drug 
therapy is used. The procedure is rapid, simple and reproducible. The chroma- 
tographic time for twenty analyses is about 2 h (6 min for each analysis), with 
an additional 40 min for samples preparation. 

The drugs tested do not interfere in the analysis of CLB so that kinetic 
studies of CLB in patients undergoing multiple drug therapy can be performed_ 
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