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Clonazepam, 7-nitro-5- (2chlorophenyl) -1,3-dihydro [ ZH] 1,4-benzodiaze- 
pin-2-one, a member of the benzodiazepine series of drugs, has anticonvulsant 
properties [ 11. The pharmacokinetics of clonazepam and its metabolites, 7- 
aminoclonazepam and 7-acetamidoclonazepam has been reported previously 
12-41. Owing to a relatively low therapeutic index, the measurement of drug 
levels is important in maintaining a therapeutic concentration without side- 
effects. 

Most methods for the determination of clonazepam in serum employ gas 
chromatography with either electron-capture or nitrogen-phosphorus detec- 
tion [ 5-71. Other methods are limited by the need of hydrolysis or derivati- 
zation [8,9], lack of sensitivity [lo], cost of mass spectrometry [ 111, use of 
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Fig. 2. (A) Typical chromatogram of a control plasma. There are no interferences at the retention 
times of clonazepam and the internal standard (arrows). (B) Chromatogram of an extract of a 
test plasma sample obtained from a ehild under clonazepam treatment (concentration, 19 c(g/l). 
Peaks: 1 = desmethylflunitrazepam; 2 = clonazepam. 

TABLE I 

ACCURACY OF THE DETERMINATION OF CLONAZEPAM IN PLASMA 

Concentration Concentration found R.S.D. Error 
added (mean?S.D., n-6) (561 (%I 
(Kg/l) (/43/l) 

20 20.60+ 1.82 9.1 3.0 
40 41.83 ir 3.09 7.7 4.6 
60 58.00 + 5.31 8.8 -3.3 

109 105.00 + 7.71 7.7 5.0 
140 13650 + 13.95 9.9 -2.5 

plea at a concentration of 0.2 mg/l, with the peak areas of the methanolic 
staxrdardrs at the same concentration. Diethyl ether was chosen as the extrac- 
tion solvent since it give the best recovery (89.3% ), is easily evaporated and 
produced emulsion-free extracts {Table II). 

The within-run precision was evaluated by analysing eight samples of a drug- 
free plasma spiked with clonazepam at the therapeutic concentration of 4Opg/ 
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TABLE II 

RECOVERY OF CLONAZEPAM FROM DIFFERENT EXTRACTION SOLVENTS 

Solvent Mean recovery ( n = 4 ) 

(%I 

Hexane-isoamyl alcohol (98 : 2, v/v ) 4.6 
Heptane-isoamyl alcohol (98:2, v/v) 9.2 
Chloroform 92.7 
Dichloromethane 85.0 
Diethyl ether 89.3 
Ethyl acetate 82.8 
Ethyl acetate-dichloromethane-2-propanol (44 44: 12, v/v) 86.8 
Diethyl ether-chloroform-1-butanol (32:32 36, v/v) 75.0 
Ethyl acetate-chloroform-I-butanol (44: 44 12, v/v) 90.2 
Ethylacetate-dichloromethaneel-butanol (44:44: 12, v/v) 66.0 

TABLE III 

ANALYSIS OF CLONAZEPAM AFTER SINGLE-STEP EXTRACTION USING 200 ~1 OF 
SERUM 

Concentration of drug Mean recovery ( n = 4 ) Coefficient of variation 

@g/I ) (%I (%I 

10 74.4 9.1 
25 89.1 6.7 
50 92.4 3.0 
80 88.4 5.0 

100 89 8 3.9 
150 89 4 3.1 

1. Analyses were performed every day for two weeks. The coefficients of vari- 
ation were 6.2% for within-run precision and 7.4% for day-to-day precision. 

For pediatric samples, a minimum of 200 ~1 of serum or human urine after 
hydrolysis can be analysed without significant loss of precision (Table III). 

The selectivity of the Nova Pak Cl8 column enables other benzodiazepines 
commonly used as concomitant therapy or in case of intoxication, to be re- 
solved. Several other benzodiazepines were assayed by the proposed method; 
retention data are given in Table IV. Clearly, only oxazepam and nitrazepam 
interfere with the determination of clonazepam. These interferences would 
necessitate alternative methods for toxicological screening. 
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TABLE IV 

RETENTION TIMES AND CAPACITY FACTORS OF DRUGS TESTED FOR INTERFER- 
ENCE WITH CLONAZEPAM 

Dws Retention time Capacity factor 
(min) (k’) 

Barbital 1.37 
7-Acetamidoclonazepam 1.45 
7-Aminoclonazepam 1.55 
Aprobarbital 2.0 
Butabarbital 2.03 
Hexobarbital 2.40 
Heptabarbital 2.73 
Desmethylflumtrazepam 3.65 
Clonazepam 4.33 
Oxazepam 4.43 
Nitrazepam 4.56 
Estazolam 4.90 
Desmethylclobazam 4.93 
Lorazepam 5.11 
Flunitrazepam 6.23 
Alprazolam 6.25 
Triazolam 6.60 
Decarboxyloflazepate 6.72 
Chlordiazepoxide 7.73 
Clobazam 7.82 
Desmethyldiazepam 7.92 
Bromazepam 8.10 
Desmethylprazepam 8.17 
Medazepam 8.20 
Ethylloflazepate 9.70 
Diazepam 13.23 1 
Acepromazine N.E.” 
Aceprometazine N.E. 
Clothiazepam N.E. 
Loprazolam methane sulfonate N.E. 
Prazepam N.E. 

0.40 
0.48 
0.58 
1.04 
1.07 
1.45 
1.79 
2.73 
3.42 
3.52 
3.65 
4.0 
4.03 
4.21 
5.36 
5.38 
5.73 
5.86 
6.89 
6.98 
708 
7.27 
7.34 
7.37 
8.90 

12.50 
- 
- 

- 
- 

“N.E., not eluted within 15 min. 

REFERENCES 

1 H. Gastant, Vie Med., 51 (1970) 5175. 
2 J. Naestoft, M. Lund, N.E. Larsen and E. Hvidberg, Acta Neurol. &and., 49 (Suppl. 53) 

(1973) 103. 
3 A. Berlin and H. Dahlstrom, Eur. J. Clin. Pharmacol., 9 (1975) 155. 
4 0. Sjo, E.F. Hvidberg, M. Naestoft and M. Lund, Eur. J. Clin. Pharmacol., 8 (1975) 249. 
5 J-A. De Silva, C.V. Puglisi and N. Munno, J. Pharm. Sci., 63 ( 1974) 520. 



216 

6 J.A. De Silva, I, Bekersky and C.V. Puglisi, Anal. Chem., 48 (1976) 10. 
7 P.M Edelbrock and F.A. De Wolff, Clin. Chem., 24 (1978) 1774. 
8 P. Larking, J. Chromatogr., 221 (1980) 399. 
9 G.J.G. Parry and D.G. Ferry, J. Chromatogr., 128 (1976) 166. 

10 I. Petters, D.R. Peng and A. Rane, J. Chromatogr., 306 (1984) 241. 
11 R.H. Min and W.A. Garland, J. Chromatogr., 139 (1977) 121. 
12 A.G. de Boer, J. Rost-Kaiser, H. Bracht and D.D. Breimer, J. Chromatogr., 145 (1978) 105. 
13 N.R. Badcock and A.C. Pollard, J. Chromatogr., 230 (1982) 353. 
14 W. Shaw, G. Long and J. McHan, J. Anal. Toxicol., 7 (1983) 119. 
15 V.M. Haver, W.H. Portier, L.D. Dorie and J.R. Lea, Ther. Drug Monit., 8 (1986) 352. 
16 L.G. Miller, H. Friedman and D.J. Greenblatt, J. Anal. Toxicol., 11 (1987) 55. 
17 Y. Marliac and S. Barazi, Ann. Biol., 47 (1989) 503. 
18 M. Hasegawa and I. Matsubara, Chem. Pharm. Bull., 23 (1975) 1826. 


