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A SIMPLE AND SENSITIVE GAS CHROMATOGRAPHIC METHOD FOR
THE DETERMINATION OF CLONAZEPAM IN HUMAN PLASMA
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SUMMARY

A simple gas chromatographic method for the determination of clonazepam
in human plasma has been developed. After solvent extraction, the compound is
measured by an electron capture detector on an OV-17 column. The electron-capture
response is linear for 5-120 ng/ml of plasma. There is no interference from other
commonly used anti-epileptic drugs or endogenous substrates. Preliminary data
from routine monitoring of epiieptic patients shows a 10-fold variation in their clona-
zepant plasma levels.

INTRODUCTION

Knowledge of the pharmacokinetic profiles of various compounds and the
routine monitoring of drug plasma levels have been very useful in the management of
anti-epileptic therapy'. The pharmacokinetics of clonazepam, a newly developed
anticonvulsant agent, has been characterized in voluateerssS. However, there is little
kinetic information on epileptic patients receiving constant treatment with the drug’-5.
In addition it has been shown for other compounds that extrapolation of kinetic data
from voluntesrs to patients might not be always correct®!®. One of the factors which
has partially limited our knowledge of the kinetics of this interesting compound in
patients has been the lack of suitable, simple, analytical procedures for the kinetic
evaluation and routine determination of clonazepam plasma Ievels. In the pressnt
paper we describe z gas-liquid chromatographic procedure which, with its specificity,
rapidity and simplicity and the small amount of plasma required, has a real advantage
over the procedures presently available't-12,

EXPERIMENTAL

Standard and reagents

Clonazepam  {5-(chlorophenyl}-i.3-dihydro-(2H}-7-nitro-1,4-benzodiazepin-
2{1H)-onel, 7-aminoclonazepam and 7-acetzamidoclonazepam were kindly supplied
by Prodotti Roche, Milan, Italy. 2-Aminobenzyl-5-chiorobenzophenone (ABCB)

* To whom reprint requests should be addressed.
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{Fluka, Buchs, Switzeriznd} was employed as internal marker. The following reagents
were obtained from Carlo Erba, Milan, Italy: acetone (R.P.), diethyl ether (R.P.}
and disodium hydrogen phosphate (R.P.}. Dicthyl ether was distifled before use. A
sclution of the phosphate was made up in double-distitled water.

Apparatus

A Carlo Erba Fractovap G-l chromatograph equipped with a %3Ni electron-
caprure detector (ECD) was used. The column (glass, | m X 4 mm [.D.} was packed
with 39/ OV 17 on Chromosorb Q (100-120 mesh) (Applied Science Labs., State
College, Pa., U.8.A.), and conditioned for I | at 250° {nitrogen fiow-rate, 40 m!/min},
for 4 h at 340° {no nitrogen) and for 24 h at 275° (nitrogen flow-rate, 40 mi/min).
The operating conditions were: column temperature, 280°; injection-port temper-
ature, 290°; detector temperature, 300°; carrier-gas (nitrogen) flow-rate, 60 ml/min.
The ECD was used with a pulse current at an excitation voltage of 50 V and a pulse
interval of 30 msec.

¥or mass spectrometry (MS), a2 Finnigan 3100 mass spectrometer combined
with a Model 9500 gas chromatograph and a Maodel 6000 computer were used. The
conditions were: electronic energy, 70 eV clectron beam current, 500 gA ; temper-
ature of ion source, 100°. The column (glass, 2 m X 2 mm 1.D.) was packed with 39
OV 17 on Gas-Chrom Q (100-120 mesh), and operated at 280° with a helium flow-
rate of 30 ml/min.

Betermination of calibratior graphs
Aliguot portions (5-80 ng) of a solution of clonazepam in acetone (2 ng/mi)
were brought to dryness in triplicate under a gentle stream of nitrogen on a water-
bath at 30°. The dry residue was re-dissolved in 50 pl of a solution of ABCR in acetone
(S pgfmi). 1 gl of this solution was injected on to the gas chromatograph. The cali-
bration graph, constructed by plotting the ratic of the peak area of clonazepam to that
of the iniernal marker (ABCB} against clorazepam concentration, was linear from
190 pg to 1.6 ng {injected amounts) with an absolute sensitivity of 50 pg. Reprodu-
cibitity was excellent with a 1.5-29% variation for samples run in triplicate and on
ifferent days. Similar calibration graphs were constructed on adding known amounts
of clonazzepam to 0.2—1 ml of plasma and processing them as described below.

Exiraxtion procedure

To 0.5 m! of plasma {in 19-ml glass-stoppered test-tubes), containing different
amounts of clonazepam (5-120 ng), were added | ml of 0.5 §f Na,HPO, (previously
adjisted to pH & with 1 N NaOCH}, 230 ng of ABCB (50 g of a soluticn in acetone) as
internal marker and 5 m! of freshly distilled diethylether. The tubes were gently shaken
in & horizontza! position for 30 min and then centrifuged at 4° for 10 min. 4 mf of the
cther phase were transferred to a second tapered test-tube and brought to drvness
under a gentle stream of nitrogen in a water-bath at 40°. The dry residue was then
redissolved in 50 gl of acetene and 1-2 gl of this solution was injected as before on
to the gas chromatograph. In the case of samples from plasma of patients, aliquot
portions of 0.2-1 m! were used and an internal calibration graph, involving the addi-
tion of various amounts {5-120 ngim}) of clonazepam to fresh plasma, was always
corrructed zlong side the determination of the unknown sampies.
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Fig. 1. Gas chromztograms of ABCB (I} and clonazepam (2) obtained before (&) (external standard)
and after the extraction procedure (B) (internal standard). (C) shows the resuits for the extracted
plasma of & patient receiving clonazepam, carbamazepine and phenobarbita! in combination. For
conditions, see text.

RESULTS AND DISCUSSION

Typical chromatograms obtained with external and internal standards and
with plasma extract from patients are shown in Fig. 1. Clonazepam has a retention time
of 3.5 min and ABCB of 2 min. The identity of the peaks was checked by gas—liguid
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Fig. 2. Cealibration graphs for clonazepam with external (I} and internal ABCB standard (2). For
conditions, see text.
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TABLE L
RECOVERY OF CLONAZEPAM FROM HUMAN PLASMA SAMPLES

Amaunt added (ng) Amount found” Recovery
fng = standard errcr) (%6 = standard error}
28 16.66 — .88 833 £ 440
49 3380 2044 816 =~ O.88
65 56.33 - 1.40 83.6 = 2.30
8¢ 67.70 = G.66 820 2.0

Mean 8§2.6 = 1.18

* Each value is the mean of three determinations.

chromatography-mass spectrometry (GLC-MS) and the analysis confirmed that the
peaks were intact clonazepam and ABCB, The use of ABCB as internal marker ap-~
pears to be very satisfactory. The calibration graph for extracted clonazepam, ob-
tained on plotting the ratic of the peak area of clonazepam to that of the internal
marker agzinst known amounts of clonazepam, is shown in Fig. 2. The kinearity of
the method ranges from 5 to 80 ng/m! of plasmz. The minimum detectable amount
with the described procedures is 4 ngfml of plasma.

The recovery from human plasma was constant in the range examined with a
mean of 82.6 &+ 1.1Y (Table I}. No interference from endogenous substances was
noted. Other anticonvulsant drugs such as diphenylhydantoin, carbamazepine,
phenobarbitzl, ethosuximide and di-z-propyl acetate, added to the internal standard
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Fig. 3. Gas chromzstogram of ABCB (1}, clonzzepam (2), 7-aminoclonazepam (3} and T-acetamido-
clonzzepam (4). Equal amounts {1€0 ng) of the four compounds were added te plasma. For conditions,
see text.
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TABLEII

RELATION BETWEEN THE PLASMA LEVELS AND THE DAILY DOSE OF CLONAZEPAM
IN EPILEPTIC PATIENTS RECEIVING CONSTANT TREATMENT WITH THE DRUG
FOR AT LEAST 4 WEEKS

Piasma samples were taken before the morning dose, i.e., 1112 h after the evening dose.

Daily dose Plasma level Rarge of
(mgikg}” fngimi}™~ variation
0.06 22,70, 60 4 fold
0.08 15, 40, 48, 60, 65, 125 g fold
0.10 5,8,28, 32, 34,40,50 10 fold
Q.13 25, 30, 32, 54, 60 2.5 fold
0.16 15, 25, 60, 120, 132 g fold
G.23 34,42, 105 3 fold

* Administered in two or three separate doses.
** Each figure represents a patient.

before the extraction procedure, did not interfere, as expected from their physico-
chemical properties. Similar findings were obtained with plasma from epileptic
patients receiving the above drugs in combination with clonazepam. There was also
no interference in cases in which diazepam or other benzodiazepines were adminis-
tered simultaneously. Diazepam, its metabolites, and other benzodiazepine deriv-
atives, have a shorter retention time than ABCR at the operating conditions we em-
ploved. Possible interference from clonazepam metabolites was also evaluated: 7-
aminoclonazepam and 7-acetamidoclonazepam gave peaks with a retention time of
4 and 9.5 min, respectively. 7-Aminoclonazepam was very poorly extracted under the
conditions used as shown in Fig. 3. No interference is expected from these two major
metabaolites of clonazepam.

A skilled technician can run through the procedure described for 15-20 plasma
samples plus an internal czlibration graph of four points in duplicate in a time of
3.5-4 h. The method has been applied to the routine determination of clonazepam
in plasma of epileptic patients receiving constant oral treatment with the drug, in
combination with other drugs, for at [east 3 weeks. Preliminary data indicate that there
is no relation between the daily dose {mg/kg) and the plasma levels (ng/ml} obtained
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Fig. 4. Clonazepam plasma levels in three epifeptic patients over a prolonged period of observation
(80180 days). The administered daily doses were 0.10 mgrkg for patient A and 0.12 mg/kg for
patients B and C. Plasma levels refer to samples withdrawn before the morning dose.
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before the mormning dose. As reportad in Table IL, there was a eaz. 3-10-fold variation
in the plasma levels from patient to patient for a given dose. On the other hand, for
the same patient, in cases following constant therapy, clonazepam plasma levels ap-
peared to be relatively stable if samples were taken at fixed intervals of time after
ingestion of the drug (Fig. 4). Fluctuations of cae. 20-40% were observed between the
pre-dose morning values and the values obtained 46 h after drug intake.

The lack of g relation between plasma levels and the da#ly dose over a period
of constant drug treatment siresses the necessity of routine measurement of clonaze-
pam plasma concentrations in epileptic patients.

CONCLUSIONS

We have developed an analytical method for the determinaticon of clonazepam
baszd on 2 single solvent extraction followed by detection with GLC using an ECD.
At variance with previousty described procedures, no hydrolysis is necessary, and this
improves greatly the specificity of the analysis. The rapidity and simplicity of the meth-
od allows the determination of 20 samples in 4 h, and this makes it particularly useful
for routina analysis. The sensitivity (4 ng/m!) and the specificity of the method are
compatible with pharmacokinetic studies. The smail amount of plasma (0.2 ml) re-
guired makes the procedure suitable for the determinzation of clonazepam in infants
anc children using capillary blood samples.
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