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ABSTRACT 

A column-switching high-performance liquid chromatographic method for the simultaneous determination of clobazam, diazepam 
and their main metabolites in human plasma is described. A 200-#1 plasma sample was directly injected into a precolumn filled with 
TSK-gel PW. After a washing step with potassium phosphate buffer, the retained substances were backflushed into a reversed-phase 
column with a mobile phase of acetonitrile-phosphate buffer-diethylamine. Various drugs frequently co-administered with clobazam 
or diazepam do not interfere with the determination. 

INTRODUCTION 

Clobazam and diazepam are two benzodiaze- 
pines (1,5- and 1,4-benzodiazepine, respectively) 
used as muscle relaxants and anxiolytic agents. 
Clobazam is often prescribed as an anticonvul- 
sant drug in the treatment of minor seizure dis- 
orders in epilepsy, in conjugation with other ma- 
jor anticonvulsant drugs [1]. Diazepam is also the 
recommended treatment for controlling status 
epilepticus [2] or febrile convulsions in children 
[3]. There are two major metabolic transforma- 
tions of diazepam and clobazam in humans [4,5]: 
N-demethylation to N-desmethyldiazepam 
(DMD) and N-desmethylclobazam (DMC) (ac- 
tive metabolites) and hydroxylation to 3-hydroxy- 
diazepam and 4'-hydroxyclobazam, which are 
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then demethylated to 3-hydroxy-N-desmethyl- 
diazepam (oxazepam) and 4'-hydroxy-N-des- 
methylclobazam (minor metabolites). As a result 
of the relationships between clobazam [6] and 
diazepam [7] concentrations in plasma and sei- 
zure control, which have already been demon- 
strated, clinical monitoring of plasma diazepam 
or clobazam concentrations would be useful to 
establish better dosage guidelines for these drugs. 
In addition, the large variations reported in stea- 
dy-state concentrations among patients suggest 
the need for accurate monitoring of both the 
drugs and their active metabolite [8,9]. 

Several quantitative analytical procedures for 
determining clobazam, diazepam and their me- 
tabolites in plasma have been developed using 
gas chromatography (GC)-mass spectrometry 
[10,11], GC with flame ionization, thermoionic or 
electron-capture detection [ 10,12-17] and high- 
performance liquid chromatography (HPLC) 
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[5,18-23]. Reported procedures for sample prep- 
aration have been based on solvent extraction 
from alkaline media, solid-phase extraction or an 
automated sample processor [24]. These extrac- 
tion steps for sample cleaning are very time-con- 
suming and sometimes decrease the recovery. 
On-line extraction ensures a clean chromato- 
graphic trace, and allows a small sample size. 

We have developed a column-switching HPLC 
method for the automated determination of clo- 
bazam, diazepam, DMC, and DMD in plasma. 
This method can be adapted to other benzodiaze- 
pines (BZDs) by using gradient elution. 

EXPERIMENTAL 

Reagents and chemicals 
Clobazam and desmethylclobazam were gifts 

from Diamant (Puteaux, France); diazepam, des- 
methyldiazepam and flunitrazepam were from 
Roche (Neuilly, France). Monobasic and dibasic 
potassium phosphates and phosphoric acid were 
analytical grade (Merck, Darmstadt, Germany). 
All solvents used (water, acetonitrile and metha- 
nol) were HPLC grade (Merck). 

Preparation of standards 
Stock standard solutions were prepared by dis- 

solving 100 mg of each compound in 100 ml of 
methanol and were stored in amber-coloured 
glass bottles at 4°C. Working standard solutions 
were prepared by dilution of the stock solutions 
with water or human plasma to give concentra- 
tions ranging from 20 to 5000 ng/ml. 

(Ultrasphere ODS, 3 /~m, 75 x 4.6 mm I.D., 
Beckman). 

Plasma samples (100 or 200 #1) were injected 
into the TSK precolumn and washed with a di- 
basic potassium phosphate buffer (50 mM, pH 
7.5) for 5 min (1.0 ml/min). The precolumn eluent 
passed through the switching valve to waste. The 
BZDs retained in the precolumn were eluted in 
backflush mode into the analytical column with a 
acetonitrile-monobasic potassium phosphate 
buffer (65 mM with 1% of diethylamine, v/v, pH 
5.4 with phosphoric acid) (33:67, v/v) at a flow- 
rate of 1.0 ml/min for 5 min (isocratic mode). The 
precolumn was washed with acetonitrile-water 
(60:40, v/v, 1.0 ml/min) for 6 min and re-equili- 
brated for 10 min with the dibasic potassium 
phosphate buffer (50 mM, pH 7.5, 1 ml/min) be- 
fore injection of the next sample. The total cycle 
time was 25 min. The elution can equally be car- 
ried out in the gradient mode. A slightly different 
programme enables the separation and quantifi- 
cation of other BZDs (Table I). 

Extraction efficiency 
The recoveries of the extraction step were de- 

termined by comparing standards dissolved in 
the phosphate buffer and directly injected into 
the analytical column with plasma standards in- 
jected into the two-column HPLC system. Each 
standard was injected in triplicate. The recoveries 
of BZDs were calculated at each concentration 
by dividing mean peak areas from plasma stan- 
dards by the mean peak areas obtained from the 
direct standards. 

Apparatus and chromatographic conditions 
A Beckman high-performance liquid chro- 

matograph (Gold system, Beckman, Gagny, 
France), equipped with two pumps (Models 116 
and 126), a variable-wavelength UV detector 
(Model 166), a six-port automatic switching 
valve and a system controller (Tandon, Col- 
ombes, France), was used. Peaks were detected at 
230 nm. The precolumn (45 x 4.0 mm I.D.) was 
filled with TSK-gel PW (G 3 PW, 12/~m, Toso- 
hass, Touzard et Matignon, Vitry, France), and 
the separation was performed on a C18 column 

TABLE I 

GRADIENT PROGRAMME FOR DMC, DMD, CLOBA- 
ZAM AND DIAZEPAM (OTHER BZDs) 

Step Acetonitrile Phosphate buffer Time 
(%, v/v) (%, v/v) (min) 

1 25 (22) 75 (78) 0 (0) 
2 25 (22) 75 (78) 5 (5) 
3 28 (25) 22 (75) 15 (15) 
4 45 (60) 55 (40) 25 (30) 
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Fig. 1. Chromatograms of (a) blank plasma, (b) standard mixture of benzodiazepines in human plasma (each component ca. 250 
ng/ml), (c) plasma sample from patient after oral administration of diazepam (DMD 322 ng/ml; diazepam 295 ng/ml). Isocratic elution. 
Peaks: 1 = desmethylclobazam; 2 = desmethyldiazepam; 3 = clobazam; 4 = diazepam. 
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RESULTS AND DISCUSSION 

Chromatography and specificity 
Fig. 1 shows chromatograms from (a) blank 

human plasma, (b) human plasma spiked with 
DMC, DMD, clobazam and diazepam, and (c) 
plasma of a patient after oral administration of 
diazepam (DMD 322 ng/ml; diazepam 295 ng/ 
ml). The retention times of BZDs were 10.4, 13. l, 
14.1 and 18.9 min, respectively (isocratic mode), 
and 17.6, 22.2, 22.8 and 25.8 min, respectively 
(gradient mode). The most common antiepileptic 
drugs (i.e. carbamazepine, diphenylhydantoin, 
ethosuximide, phenobarbital, primidone and val- 
proic acid) do not interfere with this assay. 

Calibration curve, reproducibility and recovery 
The calibration curves of the four BZDs were 

linear from 50 to 1000 ng/ml with a correlation 
coefficient of 0.999 (Table II). The detection lim- 
its at a signal-to-noise ratio of 2 were 20 ng/ml 

TABLE II 

L I N E A R I T Y  OF THE ASSAY BY SPIKING A PLASMA 

POOL WITH SCALED AM OUNTS OF DMC, DMD,  CLO- 

BAZAM A N D  DIAZEPAM 

Regression equations and correlation coefficients (r). y: peak 
areas; x: concentrations (ng/ml). 

Drug Regression r 

equation 

DM C y = 0.0120x - 0.1172 0.999 

D M D  y = 0.0213x - 0.0602 0.999 

Clobazam y = 0.0204x - 0.0251 0.999 

Diazepam y = 0.0181x - 0.0604 0.999 

for DMC and DMD, 15 ng/ml for clobazam and 
25 ng/ml for diazepam. 

Within-day and day-to-day coefficients of vari- 
ation (C.V.) and recoveries are shown in Table 
III. The C.V. of peak areas are not statistically 

TABLE III  

WITHIN-DAY,  DAY-TO-DAY COEFFICIENTS OF VARIATION (C.V.s) AND RECOVERIES OF THE ASSAYS FOR DMC, 

DMD, CLOBAZAM A N D  D I A Z E P A M  

Drug Level C.V. (%) Recovery 
(ng/ml) (%) 

Within-day Day-to-day 

(n = 5) (n = 7) 

DMC 50 7.3 - 96.2 

I00 2.5 7.0 93.8 

500 2.6 4.1 94.8 

1000 2.3 4.4 95.2 

D M D  50 2.6 - 97.7 

100 3.0 6.7 97.5 

500 2.6 2.8 99.8 

1000 2.4 3.3 97.8 

Clobazam 50 1.8 - 98.9 

100 2.6 9.0 98.9 

500 4.0 4.8 96.3 

I000 2.4 3.7 99.3 

Diazepam 50 7.7 - 101. I 
I00 3.7 12.0 97.6 

500 2.1 4.4 99.2 

1000 0.9 3.7 97.8 
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Fig.  2. C h r o m a t o g r a m  o f  a s t a n d a r d  m i x t u r e  o f  benzod iazep ines  in h u m a n  p l a s m a  (each  c o m p o n e n t  ca. 250 ng /ml) .  Peaks :  1 = 

b r o m a z e p a m ;  2 = n i t r a z e p a m ;  3 = o x a z e p a m ,  e s t azo lam;  4 = d e s m e t h y l c l o b a z a m ;  5 = l o r a z e p a m ,  c l o n a z e p a m ;  6 = c h l o r d i a z e p o x -  

ide; 7 = a l p r a z o l a m ;  8 = f l u n i t r a z e p a m ,  t r i azo l am;  9 = t e m a z e p a m ;  10 = d e s m e t h y l d i a z e p a m ,  c lo razepa te ;  11 = c l o b a z a m ;  12 = 

to f i sopam;  13 = d i a z e p a m ;  14 = lof lazepate ;  15 = c lo t i azepam;  16 = t e t r a z e p a m ;  17 = m e d a z e p a m ;  18 = p r a z e p a m .  

different (paired Student's test, p < 0.02) from 
the C.V. of peak-area ratios (internal standard 
flunitrazepam). It is for this reason that the addi- 
tion of an internal standard to the sample is not 
necessary. 

The chromatographic theory and method de- 
velopment behind on-line pre-concentration or 
column-switching techniques have been well re- 
viewed and described [25,26]. For the assay of 
tricyclic antidepressants, Matsumoto et  al. [27] 
used a TSK precolumn PW that they considered 
superior to a bovine serum albumin-coated re- 
versed-phase column used in their previous stud- 
ies [28,29]. This precolumn proved to be equally 
satisfactory for the BZDs, and so a precolumn 
suitable for several different classes of drugs can 
be envisaged. 

The technique presented is not necessarily bet- 
ter than methods already published. It is more 
adapted to the internal way of working in our 
laboratory where we have to determine, daily, a 
limited amount of different drugs (therapeutic 
drug monitoring or toxicology). The column- 
switching run is a constant one, but the analytical 
mobile phase has to be adapted for other drugs 
(other BZDs, tricyclic antidepressants, antifungal 
agents, antibiotics). 

By using the technique presented here, the 
handling of the biological samples is avoided. It 
is also a technique that can be adapted perfectly 
to the therapeutic ranges of DMC, DMD, cloba- 
zam and diazepam in repeated administration of 
the parent drugs, but it might be insufficient after 
application of a single therapeutic dose. This 
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technique is easily automated, and a slightly dif- 
ferent programme in the gradient mode (Table I) 
enables the separation and quantification of  oth- 
er BZDs. A representative chromatogram is 
shown in Fig. 2. Further investigations are in 
progress. 

REFERENCES 

I B. S. Meldum, A. G. Chapman and R. W. Horton, Epilepsia, 
19 (1978) 293. 

2 T. R. Browne and J. K. Penzy, Epilepsia, 14 (1973) 277. 
3 P. Garofalo, G. Bonenti and M. G. De Petris, Minerva Pe- 

diatr., 24 (1972) 32. 
4 L. F. McNicholas, W. R. Martin and T. A. Pruitt, J. Phar- 

macol. Exp. Ther., 235 (1985) 368. 
5 A. Brachet-Liermain, C. H. Jarry, O. Faure, M. Guyot and 

P. Loiseau, Ther. Drug Monit., 4 (1982) 301. 
6 B. S. Meldrum, A. G. Chapman and R. W. Horton, Br. J. 

Clin. PharmacoL, 7 (1979) 595. 
7 H.E. Booker and G. G. Celesia, Arch. Neurol., 29 (1973) 191. 
8 G. Tedeschi, R. Riva and A. Baruzzi, Br. J. Clin. Pharmacol., 

11 (1981) 619. 
9 J. A. S. Gamble, J. W. Dundee and R. C. Gray, Br. J. 

Anaesth., 48 (1976) 1087. 
10 A. Cailleux, A. Turcant, A. Pr6mel-Cabic and P. Allain, J. 

Chromatogr. Sci., 19 (1981) 163. 
11 A. Trebbi, G. B. Gervasi and V. Comi, J. Chromatogr., 110 

(1975) 309. 

12 D. M. Hailey, J. Chromatogr., 98 (1974) 527. 
13 A. K. Dhard and H. Kutt, Clin. Chem., 25 (1979) 137. 
14 J. E. Wallace, H. A. Schwertner and E. L. Shimek, Clin. 

Chem., 27 (1979) 1296. 
15 J. J. Vallner, J. A. Kotzan, J. T. Stewart, I. L. Honigberg, T. 

E. Needham and W. J. Bronwne, J. Clin. Pharmacol., 20 
(1980) 444. 

16 S. Barazi and M. Bonini, J. Chromatogr., 202 (1980) 473. 
17 Y. Regon, E. Pourcher and J. J. Vallon, J. Anal. Toxicol., 6 

(1982) 1. 
18 T. B. Vree, A. M. Baars, Y. A. Hekster and E. Van Der 

Kleijn, J. Chromatogr., 162 (1979) 605. 
19 S. N. Rao, A. K. Dhard, H. Kutt and M. Okamoto, J. Chro- 

matogr., 231 (1982) 341. 
20 J. L. Tomasini, H. Bun, P. H. Coassolo, C. Aubert and J. P. 

Cano, J. Chromatogr., 343 (1985) 369. 
21 M. A. Zilli and G. Nisi, J. Chromatogr., 378 (1986) 492. 
22 L. J. Dusci, L. P. Hackett, Ther. Drug Monit., 9 (1987) 113. 
23 T. Stebler and T. W. Guentert, J. Chromatogr., 564 (1991) 

330. 
24 P. Mura, A. Piriou, P. Fraillon, Y. Papet and D. Reiss, J. 

Chromatogr., 416 (1987) 303. 
25 D. Westerlund, Chromatographia, 24 (1987) 155. 
26 J. B. Lecaillon, N. Febvre and C. Souppart, J. Chromatogr., 

317 (1984) 493. 
27 K. Matsumoto, S. Kanba, H. Kubo, G. Yagi, H. Iri and H. 

Yuki, Clin. Chem., 35 (1989) 453. 
28 K. Matsumoto, H. Kikuchi, H. Iri, H. Takahashi and M. 

Umino, J. Chromatogr., 425 (1988) 323. 
29 K. Matsumoto, H. Kikuchi, H. Takahashi and H. Iri, Jpn. J. 

Clin. Chem., 16 (1987) 142. 


