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Abstract Objective: To examine the effect of cytochrome
P450 (CYP) 2C19 activity on the single-dose pharmacoki-
netics and pharmacodynamics of etizolam. Methods: The
subjects were 21 healthy Japanese volunteers. The two mu-
tated alleles (CYP2C19*2 and CYP2C19*3) causing absent
CYP2C19 activity were identified by a polymerase chain
reaction method. Twelve subjects were extensive metabo-
lizers (EMs) with no or one mutated allele, and nine subjects
were poor metabolizers (PMs) with two mutated alleles.
The subjects received a single oral 1-mg dose of etizolam,
and blood samplings and evaluation of psychomotor func-
tion were conducted up to 24 h after dosing. Results: The
PMs had significantly larger total area under the plasma
concentration—time curve (287+74 vs 178+122 ng-h/ml,
p<0.05) and longer elimination half-life (14.8+4.2 vs 10.5+
3.9 h, p<0.05) of etizolam than the EMs. The area under the
score—time curve from 0 to 8 h of the Stanford Sleepiness
Scale was significantly larger in the PMs than in EMs
(28.9+5.2 vs 22.9+6.9 score'h, p<0.05). Conclusion: The
present study suggests that the single-dose pharmacoki-
netics and pharmacodynamics of etizolam are influenced
by polymorphic CYP2C19 activity.

Keywords Etizolam - Pharmacokinetics -
Pharmacodynamics - CYP2C19

T. Fukasawa (D<) - A. Suzuki - K. Otani
Department of Psychiatry,

Yamagata University School of Medicine,
990-9585, Yamagata, Japan

e-mail: tfukasaw(@med.id.yamagata-u.ac.jp
Tel.: +81-23-6285322

Fax: +81-23-6285325

N. Yasui—Furukori - T. Tateishi
Department of Clinical Pharmacology,
Hirosaki University School of Medicine,
Hirosaki, Japan

Y. Inoue

Technology Department,
MP-Technopharma Corporation,
Fukuoka, Japan

Introduction

The thienodiazepine etizolam, 6—o—chlorophenyl)-8—ethyl—
I-methyl-1-methyl-4H—s—triazolo[3,4-c]-thieno[2,3-¢]-
[1,4]diazepine, shows pharmacological effects similar to
those of diazepam [22]. This drug is widely used in the
treatment of psychiatric disorders such as general anxiety
disorder [5] and panic disorder [21]. Unpublished data of
the manufacturer [16] suggest that etizolam is metabolized
mainly by hydroxylation of the methyl group and that of
the ethyl group. There have been no data on the bioavail-
ability of this drug.

The cytochrome P450 (CYP) enzymes catalyzing eti-
zolam metabolism have not been fully clarified. Our
previous study [2] showed that itraconazole, a potent in-
hibitor of CYP3A4, inhibits the metabolism of etizolam in
healthy volunteers, providing in vivo evidence that etizolam
is at least partly metabolized by CYP3A4. Our recent study
[14] demonstrated that carbamazepine, an inducer of
CYP3A4, induces the metabolism of etizolam, supporting
the view that CYP3A4 is involved in etizolam metabolism.
However, the degrees of inhibition and induction of
etizolam metabolism mentioned above were lower than
those of alprazolam [8, 26], midazolam [3, 18], and tria-
zolam [23], which are metabolized predominantly by
CYP3A4. These findings point to possible involvement of
other CYP enzyme(s) in etizolam metabolism.

There is evidence for the involvement of CYP2C109,
which shows a genetic polymorphism [11], in the metabo-
lism of diazepam, flunitrazepam, and quazepam. A signif-
icant difference exists between extensive metabolizers (EMs)
and poor metabolizers (PMs) of CYP2C19 in the single-
dose pharmacokinetics of diazepam [4] and quazepam [7].
There is a significant correlation between CYP2C19 activ-
ity and the two metabolic indices of flunitrazepam [9].
Therefore, it would not be surprising if CYP2C19 is
involved in the metabolism of etizolam as well.

The purpose of the present study was to examine the
effect of CYP2C19 activity on the single-dose pharmaco-
kinetics and pharmacodynamics of etizolam.
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Subjects and methods

The subjects were 21 healthy Japanese volunteers. Nineteen
subjects were males, and two subjects were females. The
mean+SD age was 30.6+7.2 years, and the mean£+SD body
weight was 69.447.2 kg. Ten subjects were smokers (>10
cigarettes/day), and 11 subjects were nonsmokers. None
had taken any drug for at least 1 week before the study. The
study protocol was approved by the Ethics Committees of
Yamagata University School of Medicine and Hirosaki
University School of Medicine, and each subject gave his or
her written informed consent to participate.

After an overnight fast at 9 A.M., a single oral 1-mg dose
of etizolam (Depas, Mitsubishi Pharma, Osaka, Japan) as
the tablet formulation was given with a cup of tap water. No
food was allowed until 3 h after dosing. Blood samples
(10 ml each) were taken before and at 0.25,0.5, 1, 2, 3, 4, 6,
8, 10, 12, and 24 h after dosing. At the times of blood
samplings, psychomotor function was assessed using the
Stanford Sleepiness Scale (SSS) [13] and the Digit Symbol
Substitution Test (DSST) adapted from the Wechsler Adult
Intelligence Scale [27] in 90 s. The SSS is a semiquanti-
tative 7—point self-rating scale with increasing score ac-
cording to increasing feeling of sleepiness [13]. The DSST
is a paper—and—pencil test involving coding skills [27]. The
subjects were required to substitute digits for symbols, and
the total number of correct substitutions was recorded. No
food or drink containing caffeine was allowed throughout
the study period.

DNA was isolated from peripheral leukocytes using a
QIAamp DNA Blood Kit (Qiagen, Tokyo, Japan). The
CYP2C19*1(*1) allele (wild—type allele), and the CYP
2C19*2(*2) and CYP2C19*3(*3) alleles causing absent
enzyme activity [6, 10], were identified by the polymerase
chain reaction (PCR)-based method described by Goldstein
and Blaisdell [10].

Plasma concentrations of etizolam was measured by the
high—performance liquid chromatography method of
Hikida et al. [12]. The lowest limit of detection [signal/
noise ratio (S/N)=3] was 0.3 ng/ml, and that of quantifica-
tion (S/N=6) was 0.6 ng/ml. The coefficients of variation
(CV) at the concentrations of 1, 5, and 20 ng/ml were all
less than 2.8%.

The elimination rate constant (k) was estimated by the
linear regression analysis of at least four points in the ter-
minal log—linear plasma concentration—time curve. The elim-
ination ¢, was calculated by 0.693/k. This value should be
regarded as apparent, since the blood sampling period of24 h
might be too short to estimate the exact value. The area under
the plasma concentration—time curve (AUC) from 0 to 24 h
(AUC _,4) was calculated by the trapezoidal rule. The AUC
from 0 h to infinity (AUC,_,), or total AUC, was calculated
by AUCy 4 + C24/k, in which C24 is the plasma con-
centration at 24 h. The peak plasma concentration (C,,,,) and
time to Cax (Tinax) Were determined graphically.

For the SSS and DSST, the area under the score—time
curve from 0 to 8 h (AUSC,_g) was calculated.

Statistical analyses were performed by Student’s r—test
and one—way analysis of variance (ANOVA) followed by
the Tukey test, using SPSS 11.1 J for Windows. A p value
of 0.05 or less was considered significant.

Results

Pharmacokinetic assessment Five subjects were homozy-
gous for the *1 allele, two were heterozygous for the *1
and *2 alleles, five were heterozygous for the *1 and *3
alleles, five were heterozygous for the *2 and *3 alleles,
three were homozygous for the *2 allele, and one was
homozygous for the *3 allele. Twelve subjects with no or
one mutated allele were regarded as EMs, and nine
subjects with two mutated alleles were regarded as PMs of
CYP2C19.

Plasma concentrations of etizolam were significantly
higher in the PMs than in EMs from 8 to 24 h (»p<0.05)
(Fig. 1). The PMs had significantly (p<0.05) larger
AUC(_»4 and total AUC, and longer elimination #;,, of
etizolam (Table 1).

The group with two mutated alleles showed signifi-
cantly larger AUCy »4 (p<0.01) and total AUC (p<0.05),
and longer elimination #;, (p<0.05) than that with no
mutated allele (Table 2). The group with one mutated al-
lele had significantly larger AUCy 54 (p<0.05) than that
with no mutated allele.

Plasma concentrations and pharmacokinetic parameters
of etizolam were not different between the nonsmokers
and smokers (data not shown).

Pharmacodynamic assessment The PMs had significantly
higher SSS scores than the EMs at 0.5 (p<0.01), 6 (»<0.05),
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Fig. 1 Mean plasma concentrations of etizolam in EMs and PMs
following a single oral 1-mg dose. The bracketed bars indicate SD.
EMs extensive metabolizers, PMs poor metabolizers. *p<0.05



Table 1 Effects of the CYP2C19 phenotype on the pharmacody-
namic parameters of etizolam following a single oral 1-mg dose

EM PM Significance (p)
n=12) n=9)
Pharmacokinetic
parameters
Cpnax (ng/ml) 17.346.8  20.746.7 NS
Tmax (h) 1.0+£0.5 1.140.6 NS
AUCq 4 (ngeh/ml) 105+58 158+52  p<0.05
Total AUC (ngeh/ml)  178+122  287+74  p<0.05
Elimination #,,, (h) 10.5¢3.9 148442 p<0.05
Pharmacodynamic
parameters
AUSCy g of SSS 22.946.9 289452 p<0.05
(scoreeh)
AUSCy g of DSST 742491 730+77 NS
(score<h)

Values are means+SD

Cnax Peak plasma concentration, 75,,,, time to Cp,,x, AUC area under
the plasma concentration-time curve, ¢;,, half-life, AUSC area under
the score-time curve, SSS Stanford Sleepiness Scale, DSST Digit
Symbol Substitution Test, EM extensive metabolizer, PM poor
metabolizer, NS not significant

and 10 h (p<0.05) (Fig. 2). The DSST scores were not
significantly different between the two groups at any time
point (data not shown).

The AUSC,_g of SSS was significantly larger in the
PMs than in EMs (Table 1). The AUSC,_g of DSST was not
significantly different between the two groups (Table 1).

Table 2 Effects of the number of mutated CYP2C19 alleles on
the pharmacokinetic parameters of etizolam following a single
oral 1-mg dose

Number of mutated alleles Significance (p)

No One Two
(n=5) (n=7) (n=9)
Pharmacokinetic
parameters
Crnax 154459 18.747.5 20.746.7 NS
(ng/ml)
Tmax (h) 0.7+0.3 1.1+£0.6 1.1£0.6 NS
AUCy 4 59+41 a 138444 b 158452 ¢ p<0.01
(ngeh/ml)
Total AUC 113+40 d 224+142  287+74 e p<0.05
x(ngeh/ml)
Elimination 8.3£2.1 f 12.0#4.2 g 14.844.2 g p<0.05
ty2 (h)

Values are means+SD

C,nax Peak plasma concentration, T,,,, time to Cp,,x, AUC area under
the plasma concentration-time curve, ¢;,, half-life, AUSC area
under the score-time curve, SSS Stanford Sleepiness Scale,

DSST Digit Symbol Substitution Test, NS not significant a-b,
d—e, f—g: p<0.05; a—c: p<0.01
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Fig. 2 Mean SSS scores in EMs and PMs following a single oral
1-mg dose of etizolam. The bracketed bars indicate SD. EMs ex-
tensive metabolizers, PMs poor metabolizers. *p<0.05, **p<0.01

Discussion

The activity of CYP2C19 is bimodally distributed in the
population, and individuals with absent enzyme activity are
classified as PMs, while the rest are termed as EMs [11].
The PM phenotype is inherited as an autosomal recessive
trait and occurs with a frequency of 18-23% in Japanese
and 3—5% in Caucasians [11]. The *2 and *3 alleles are the
major mutated alleles causing absent enzyme activity [11].
These mutated alleles explain the PMs of Japanese
completely [11, 15]. The activity of CYP2C19 decreases
significantly according to the increase of the number of
mutated alleles, suggesting a gene dose effect [6].

There is evidence that CYP2C19 is involved in the single-
dose pharmacokinetics of three benzodiazepines. Bertilsson
et al. [4] reported that PMs showed significantly lower
clearance and longer elimination #;, of diazepam than EMs.
Gafni et al. [9] showed that CYP2C19 activity correlated
with the demethylation and 3-hydroxylation capacity of
flunitrazepam, though the AUCs of flunitrazepam and its
metabolites were not different between EMs and PMs. The
authors recently reported that PMs had significantly higher
Cmax and larger AUC of quazepam than EMs [7]. On the
other hand, it has been shown that CYP2C19 is not involved
in the metabolism of estazolam [1] or triazolam [25]. It has
been suggested that CYP2C19 does not play a major role in
etizolam metabolism as a whole [19], though this enzyme
could be involved in the formation of the minor oc—hydroxy
metabolite [24].

The authors did not determine the sample size before-
hand by a power calculation. However, a post hoc power
calculation revealed that the actual number of subjects was
sufficient to detect significant differences between EMs
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and PMs. For example, the power to detect a difference of
5.3 h in the elimination #;,, (50% of the mean value of the
EM group) at the significance level of 0.05 was calculated
as 0.81 [28].

In the present study, the PMs had significantly higher
plasma concentrations of etizolam than the EMs at several
time points. The PMs showed significantly larger AUC and
longer elimination #,, of etizolam than the EMs. These
results suggest that CYP2C19 is involved in the metabo-
lism of etizolam at least to some extent. Therefore, etizolam
is the fourth benzodiazepine whose metabolism is cat-
alyzed by CYP2C19.

Qin et al. [20] reported that the AUC and elimination ¢/,
of diazepam increased significantly according to the
increase of mutated CYP2C19 alleles, suggesting a signif-
icant gene dose effect of CYP2C19 on diazepam metabo-
lism. In the present study, there were significant differences
in the pharmacokinetic parameters of etizolam between the
group with no mutated allele and that with one or two
mutated alleles. However, no significant difference was
found between the group with one mutated allele and that
with two mutated alleles. Therefore, it remains unclear
whether there is a significant gene dose effect of CYP2C19
on etizolam metabolism.

In line with the pharmacokinetic results, the CYP2C19
phenotype had significant effects on psychomotor function.
The SSS scores were significantly higher in the PMs than
in EMs at some time points. Also, the AUSC of SSS was
significantly larger in the former group than in the latter
group. These results suggest increased hypnotic effects of
etizolam in PMs even after a single dose. In clinical prac-
tice where multiple dosing is the rule rather than the ex-
ception, the difference between PMs and EMs increases
because of accumulation. Therefore, it may be advisable to
adjust the etizolam dose according to CYP2C19 activity.
This may be particularly the case in Asians in whom the
frequency of PMs is considerably high [11]. Meanwhile, in
the studies on diazepam [4, 20] and flunitrazepam [9]
psychomotor function was not assessed, and in the study on
quazepam [7] no significant difference was found between
PMs and EMs. Therefore, the clinical significance of CYP
2C19 polymorphism in the treatments with these benzo-
diazepines remains unclear.

Finally, there were three drawbacks in this study. First,
the subjects were not phenotyped or genotyped for
CYP3A4, which is also involved in etizolam metabolism
[2, 14]. Therefore, it is possible that the majority of the
subjects had low CYP3A4 activity by chance, and that the
CYP2C19 polymorphism has a major impact on etizolam
metabolism in such a specific group only. Second, the
metabolites of etizolam were not measured and, therefore,
the specific pathway(s) catalyzed by CYP2C19 remained
unclarified. Third, the genetic polymorphism affecting the
CYP1A2 induction by cigarette smoking [17] was not
analyzed, and because of this the effect of cigarette
smoking and/or CYP1A2 activity on etizolam metabolism
could not be examined in detail.

In conclusion, the present study suggests that the single-
dose pharmacokinetics and pharmacodynamics of etizolam
are influenced by polymorphic CYP2C19 activity.
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