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Summary. Factors influencing the disposition of clo-
tiazepam in man were evaluated in a series of phar-
macokinetic studies in healthy volunteers given a sin-
gle 5 mg dose. Old age caused an increased volume
of distribution of clotiazepam in women, and its
clearance tended to be reduced in elderly men. Use
of oral contraceptives, cimetidine, isoniazid or a sin-
gle dose of ethanol had no significant effect on the
kinetics of clotiazepam. Although clotiazepam is bio-
transformed by microsomal oxidation, its clearance
appears to be relatively uninfluenced by factors
known to alter the clearance of other oxidized ben-
zodiazepines.
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Clotiazepam is a thienodiazepine derivative used in
clinical practice as an antianxiety agent. Its major
metabolic pathway in humans involves the simul-
taneous oxidative biotransformations of N-demethy-
lation and hydroxylation, yielding pharmacological-
ly active metabolic products [1]. The present study is
an evaluation of the pharmacokinetic profile of sin-
gle oral doses of clotiazepam in healthy human vol-
unteers, and the effect of age and sex on the disposi-
tion kinetics of the drug. The influence of oral
contraceptive steroids, cimetidine, isoniazid, and
ethanol coadministration on the kinetics of single
doses of clotiazepam was also examined.

* The work forms part of the doctoral thesis of H.Grehl, Univer-
sity of Bonn, Faculty of Medicine, 1984

Materials and Methods

Study of Age and Sex

Eleven healthy male and 18 healthy female volun-
teers participated after giving their informed consent
(Table 1). Their ages ranged from 22 to 82 years. All
the subjects were healthy, active, ambulant adults,
with no history of medical disease and who were not
taking any other medication.

All subjects received a single oral dose of 5mg
clotiazepam (Trecalmo, Tropon Arzneimittel) with
100-200ml of tap water after an overnight fast. They
remained fasting for 3 h after the dose. Venous blood
samples were collected in additive free tubes prior to
the dose and after 5, 15, 30 and 45 min, and 1, 1.5, 2,
25,3,4,6,8, 12,15, 24, 30, and 36 h. Blood samples
were allowed to clot, and the serum separated and
frozen until assayed.

Oral Contraceptive Interaction Study

Six healthy female volunteers (Table2), who had
been users of low-dose estrogen oral contraceptive
steroids (containing no more than 50 ug ethinyl es-
tradiol or its equivalent) for at least 3 months prior to
the study, participated after giving their informed
consent. They received a single oral dose of clotiaze-
pam and blood was sampled as described above.

Drug Interaction Study

Eleven healthy volunteers participated in a 4-way,
single dose crossover study. At least one week
elapsed between trials, the sequence of which was
randomized. In each trial, subjects received a single
5mg oral dose of clotiazepam and blood samples
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Table 1. Clotiazepam kinetics in relation to age and sex
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Men (n=11) Women (n=18) All subjects (n=29)
Mean (range) Correlation Mean (range) Correlation  Mean (range) Correlation
with Age with Age with Age

Subject characteristics
Age [years] 43 (25-82) 46 (22-80) 45 (22-82)
Weight [kg] 77 (65-87) 017 (NS) 61(43-85) 0.52 (p<0.05) 67 (43-87) 0.28 (NS)
Kinetic variables of clotiazepam
Volume of distribution [l/kg] 2.01(0.88-3.19) 018 (NS) 275(1.10-534) 057 (p<0.02) 247(0.88-534) 047 (p<0.02)
Elimination half-life [h] 80 (2.5-12.1) 036 (NS) 81 (3.5-121) 056(p<0.02) 81 (25-121) 046(p<0.01)
Total clearance [ml/min/kg] 3.01(2.07-449) -031(NS) 391(222-702) 0.26(NS) 3.59 (2.07-7.02) 0.14(NS)

Table 2. Effect of low-dose estrogen oral contraceptives (0.c.) on
clotiazepam kinetics

Mean (range) for Student’s ¢
Controls o.c. Users

Subject characteristics

Number 8 6

Age [years] 24 23 0.95 (NS)
(23-27) (20-27)

Weight [kg] 55 65 2.48 (p<0.05)
(43-66) (53-77)

Kinetic variables of clotiazepam

Volume of 2.08 3.44 247 (p<0.05)

distribution (110-275)  (2.26-4.61)

[I7kg]

Elimination 7.0 15.9 1.65 (NS)

half-life [h] (3.5-9.4) (5.8-46.2)

Total clearance 3.59 3.61 0.05 (NS)

[ml/min/kg] (2.22-640)  (1.15-5.84)
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Fig.1. Serum clotiazepam concentrations in a representative
colunteer

were collected as described above. The four modes

of administration were:

a) Control, without coadministration of drug.

b) During concurrent administration of cimetidine
1.0 g daily in four divided doses, beginning three
days prior to the clotiazepam and continuing for
the duration of the study.

¢) During concurrent administration of isoniazid
90 mg (of base as the glucuronide salt) twice daily
beginning 3 days prior to the clotiazepam and
continuing for the duration of the study.

d) Concurrently with a single 60 ml dose of commer-
cial vodka (80 proof).

Analysis of Samples and Pharmacokinetic Methods

Clotiazepam in the serum samples was determined
by electron-capture gas-liquid chromatography [1].
Clotiazepam metabolites were not quantitated, since
a previous study had shown that they were formed
and disappeared in parallel with the parent com-
pound [1].

The apparent elimination half-life of clotiazepam
was determined from the slope (beta) of the terminal
log-linear portion of the serum concentration curve
(Fig.1). The area under the curve up to the final de-
tectable serum concentration was calculated by the
trapezoidal method. To this was added the residual
area extrapolated to infinity, determined as the final
detectable concentration divided by beta, yielding
the total area under the serum concentration curve
(AUCQ). The total clearance of clotiazepam was cal-
culated as dose/AUC, assuming complete systemic
availability. The volume of distribution (V4) was cal-
culated as clearance/beta.

The influence of age and sex on the kinetic vari-
ables of clotiazepam were evaluated by linear regres-
sion analysis and Student’s t-test. Changes in clo-
tiazepam kinetics attributable to oral contraceptives
were evaluated by comparison of kinetic variables in
the oral contraceptive group with those in a group of
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Table3. Clotiazepam kinetics in the drug interaction study
Mean (range) F (2-way
Control w/Cimetidine w/Isoniazid w/Ethanol ANOVA)
Volume of distribution [l/kg] 1.94 (0.88- 2.84) 1.59 (0.71- 2.72) 2.49 (1.48- 5.05) 1.75 (0.56~ 2.53) 3.52 (p<0.05)
Elimination half-life [h] 7.2 25 -12.0) 7.0 (2.0 -11.9) 8.7 (40 -18.2) 73 (24 -129) 0.47 (NS)
Total clearance [ml/min/kg] 313 (213~ 493) 2.98 (1.90- 5.10) 3.66 (1.92- 7.20) 2.95(1.80- 397) 1.43 (NS}
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Fig.2. Relation of age to clotiazepam elimination half-life (above})
and total clearance (below). See Table 1 for statistical analysis

age-matched control women not receiving oral con-
traceptives. The influence of cimetidine, isoniazid,
and ethanol on clotiazepam disposition in the four-
way crossover study was assessed by analysis of vari-
ance.

Results

Influence of Age and Sex

Clotiazepam V4 was greater, although not signifi-
cantly so, in women than in men, and increased with
age in women (Table 1). Although age did not signifi-

Influence of Oral Contraceptives

Oral contraceptive recipients and controls were well
matched for age (Table 2). The contraceptive group
was significantly heavier than controls and also had
a significantly larger V4 for clotiazepam. The change
in clotiazepam distribution in the contraceptive
group resulted in a non-significant prolongation of
the elimination half-life. This was mainly attribut-
able to one female with an unusually long half-life of
46 h. Mean values of total metabolic clearance in the
control and contraceptive groups were almost identi-
cal.

Drug Interactions

Analysis of variance indicated that clotiazepam Vq4
varied significantly in the treatment groups (Table 3).
However, the elimination half-life and total clear-



58

ance of clotiazepam were not significantly influ-
enced by coadministration of cimetidine, isoniazid
or ethanol (Table 3; Fig.3).

Discussion

The influence of age and sex on the pharmacokinet-
ics of clotiazepam is consistent with that observed
for other lipophilic benzodiazepines, such as diaze-
pam and desmethyldiazepam [2-5}. The weight-cor-
rected Vq4 of clotiazepam was greater in women than
in men, probably due to the greater fraction of adi-
pose tissue relative to total body weight associated
with female gender. Furthermore, Vy increased with
age in women, which may be explained both by the
age-related increase in total body weight (probably
consisting mainly of adipose tissue) in the female
study population, together with the well-document-
ed change in body composition with age regardless
of total body weight [6]. Although age-related
changes in clotiazepam clearance did not attain sta-
tistical significance, clearance tended to decline with
age in men, whereas clearance if anything increased
with age in women. Again, this is consistent with pre-
vious studies of oxidized drugs in other study popu-
lations in demonstrating an age-related decrement in
drug oxidizing capacity which is far more striking in
men than in women [2]. Although the elimination
half-life of clotiazepam increased with age in the fe-
male population, this was due to the increased V4
rather than to a change in clearance.

The estrogen component of oral contraceptive
steroids leads to impaired capacity to biotransform a
number of drugs metabolized by hepatic microsomal
oxidation [7-10]. Although clotiazepam is similarly
biotransformed by hepatic oxidation, its total clear-
ance did not differ significantly between a series of
oral contraceptive users and age-matched women
not taking oral contraceptives. The weight-corrected
V4 of clotiazepam was greater in contraceptive users
than in controls, leading to prolongation of its half-
life in the contraceptive group, but this was probably
due to the higher total body weight and greater rela-
tive amount of adipose tissue in the women taking
contraceptive steroids.

The Hj,-receptor antagonist cimetidine has the
additional pharmacological property of impairing
hepatic microsomal oxidizing capacity. Studies from
our laboratory and elsewhere have consistently indi-
cated that coadministration of cimetidine impairs the
metabolic clearance of oxidized benzodiazepines, in-
cluding chlordiazepoxide, diazepam, desmethyldi-
azepam, alprazolam, and triazolam [11-15]. The an-
tituberculous agent isoniazid also impairs microsom-
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al oxidative enzymes, and in previous studies it has
been shown to diminish the metabolic clearance of
diazepam [16] and triazolam [17]. In the present
study, however, neither cimetidine nor isoniazid had
any measurable influence on the metabolic clearance
of clotiazepam. Finally, the disposition of clotiaze-
pam was not altered by coadministration of a typical
“social cocktail”. The influence of coadministration
of ethanol on the pharmacokinetics of benzodiaze-
pines has been very variable, depending on the spe-
cific study design and circumstances of administra-
tion [18-20].

Thus, the pharmacokinetic properties of the thie-
nodiazepine derivative clotiazepam are altered only
to a small degree in old age, and are not significantly
changed by a number of factors known to influence
hepatic drug oxidizing capacity. Further studies are
needed to establish the mechanism of the apparent
resistance of the oxidative metabolism of clotiaze-
pam to the inhibiting effects of estrogens, cimetidine
and isoniazid.
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