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Simplified thin-layer chromatographic method for the simultanecous
determination of clonazepam, diazepam and their metabolites in serum
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(First received May 13th, 1376; revised manuscript received June 25th, 1976)

When epileptic patients are admitted as emergency cases, they are usually
given diazepam and, if the desired response is not observed, then clonazepam
is often zdministered. This clinical procedure necessitates a method for the
simultaneous and quantifative measurement of the two drugs and their
metabolites.

Clonazepam [1], diazepam [2] and their metabolites are usually guan-
titatively measured separately by gas chromatography using electron-
capture detection. As an alternative to this lengthy procedure, we have
applied the method of Wad et al. {3], in which the diffuse light reflectance
of both substances and their metabolites which have been simultaneously
extracted and separated are measured directly on an unstained thin-ayer
chromatographic (TLC) plate.

METHOD

The extraction and separation were carried out according to the method
of Wad et al. [3]. We are listing some precautions that are necessary for the
optimal separation of the eight drugs when using this method.

The drugs are applied to the plate at a width of 0.8 cm and to g height of
2—3 mm. An application of height less than 2 mm will result in incomplete
separation of the two metabolites of clonazepam.

The first separation solvent, chloroform—diethyl ether (60:40), is used
* primarily for the removal of natural interfering substances, but it also initiates
the separation of the drugs. Thus development of this first separation phase
by more than 14 em will resulf in the merging of oxazepam with caffeine
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and of N-desmethyldiazepam with 3-hydroxydiazepam.

The final solvent, chloroform—n-heptane—ethanol (50:50:5), must be
developed to the top of the plate; if not, incomplete separation of oxazepam
and 7-aminoclonazepam will accur.

To the stock standard solution (25 mg per 100 ml) were added 25 mg each
of clonazepam, 7-aminoclonazepam and 7-acetamidoclonazepam (donated by
F. Hoffmann-La Rache, Basle, Switzerland). This solution was then diluted
1:10 with absolute ethanol to give 2 2.5 mg per 100 m! working standard
solution. The standard curves for these additional drugs are shown in Fig. 1.
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Fig. 1. Standard curves for clonazepam (o), 7-aminoclonzzepam (@) and 7-acetamido-
clonazepam (+) extracted from serum, expressed as peak height versus amount.

The scanping for diffuse light reflectance was executed at 230 nm for
diazepam and ifs metabolites and at 250 nm for clonazepam and ifs metab-
olites by means of a Zeiss chromatogram-spectrzophotometer.

RESULTS AND DISCUSSION

One of the advantages of our TLC method comparad with GC methads is
the ease of extraction of the native medicaments and their metabolites from
serum {1, 2]. Only one exfraction is necessary and the extracted substances
are chromatographed without any derivatization. A major advsatage over
GC methods is the possibility of scanning the spots on the TLC plate directly

. in the UV range in order to obiain the absorption spectrum and then com-
paring this patiern with known ahsorption spectra for pesitive identification.
Diszepam and its metabolites exhibit the same absorption spectrum whereas
clonazepam and its metabolites exhibit dissimilar absorption spectfra. Absorp-
tion spectra of clauazepam, dmzepam and their metabolifes are shown In

Fig. 2. -
-Time is emp!oy&d more efﬁcxenﬁy in our TLO method than in GC methods.

f.heze is appmmmateiy 2.5 h of free time during the two develapments of -
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rls 2. Ultraviolet absorption spectra obtained by scanning a TLC plate containing
0.5 ug each of clonazepam (2), 7-aminoclonazepam (o), 7-acetamidaclonazepam (+), diaz-
epam and the three metabolites of diszepam (e) which were applied directly on to a piste,
chromatographically separated and measured in situ by means of a Zeiss chromatogram-
specirophotometer. .

an eight-sample TLC plate, compared with 22 min for one GC separation of
diazepam and its metabolites [2]. Clonazepam and its metabolites must be
measured separately with GC [1]. Clonazepam is hydrolyzed into ifs corre-
sponding benzophenone and then measured by GC, whereas the metabolites
of clonazepam are measured directly without hydrolysis. The totfal time for
these two GC runs is approximately 12 min.

The TLC separation of the working standard solution which was added to
1 ml of serum is shown in Fig. 3. The TLC separations of serum extraets
from most of our patients (Fig. 4) exhibit a peak at Rp 0.25, which was
found to be caffeine.

We have analyzed sera from 39 patients for therapeutic control of clon-
azepam using our TLC method. Only 12 of these sera exhibited a calculable
peak for all three serum constituents of clonazepam. The mean values for
these 12 sera were 62 ngfml for clenazepam, 2483 ng/ml for T-aminadiazepam
and 420 ngfml for T-acetamidodiazepam. ‘

Interfererce from other anticonvulsive drugs administered in our hospital
has not been observed. We have found only carbamazepine and sulfa-
methozazol (a2 component of Bactrim) to be extracted and separated by
this method, but they create no problems as uhey both ha.ve the same Rp
value gs caffeine.

The recavery and repmduczbﬁxt? of the meﬁhad are presentedi in ‘E‘ahie I
The recoveries were obtained by comparing the drugs directly applied in the
same asmounts as the drugs being extracted from serum, applied and sep-

- arated. The reproducibility is the result of 30- anaiyses of the same serum
sample to thch the five dmgs were added.
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Fig. 3. Results obtained from scans at 230 nm (A) and 250 nm (B) of a TLC plate after
the separation of 1 ml of a drug-free serum to which had been added 0.5 gg/m} each of
diazepam, clonazepam, and their metaholites. The solvent system was chloroform—di-
ethyl ether (60:40) followed by a second separation in chloroform-—n-heptane—ethanol
(50:50:5) [3]. Peaks:1 = T-acetamidoclonazepam; 2 = Taminaclonazepam; 3 = oxazepam;
4 = caffeine; 5 = N-desmethyldizzepam; 6 = 3-hydroxydiszepam; 7 = clonazepam; 8 =
diszepam; 9 = solution front contzaining the naturally occurring substances in serum,
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Fig. 4. Results obtained from scans at 230 nm (4} and 250 nm (B) of a TLC plate after
the separation of 1 mi of serum of a patieni. The solvent system was chloroform—diethyl
ether (680:40) followed by =& second separation in chloroform—n-heptane—ethanol
(50:50:5} {3]. Pesks: T = 7-acetamidoclonszepam; 2 = 7-aminocionazepam; 3 = oxgzepam;
- & = caffeine; & =~ N-desmethyldiszepam; 6 = clonazepam; 7 = diazepam; 8 = solution front
© eoataining the naturalfy occurring substances in serum.
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TABLEI

RECOVERY OF THE DRUGS FROM SERUM AND REPROBDUCIBILITY OF THE
METHOD

Drug Recovery Reproduecibility
(%) (30 sampies)

Mean = S.D. C.V.

(ug/ml) (%)
Diazepam 92.7 0.80 = 0.04 54
MN-Desmethyldiazepam 93.9 0.47 + 0.02 4.7
3-Hydroxydiazepam 399.0 042+ 001 2.4
Oxazepam 86.8 0.51 « 0.04 85
Clonazepam 98.6 0.56 + 0.03 5.2
7-Aminoclonazepam 7.1 0.59 + 0.04 6.8
7-Acetamidoclonazepam 40.3 0.51 + 0.03 4.8

It can be concluded that our guantitative TLC method is rapid and precise
and the results are well within the accepted limits of deviation.
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