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chapter 9
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Pharmacodynamics
and pharmacokine-
tics of a single oral
dose of nitrazepam
in healthy male and
female volunteers.
An interethnic 
comparative study
between Japanese
and Caucasian 
volunteers



Abstract
background   Potential interethnic differences in drug disposition 
and effects between Japanese and Caucasians hamper the registration in
Japan of medications already used in Western countries. A systematic
comparison of potential mechanisms of differences in drug response
between racial groups can facilitate the transition of drugs between ethnic
groups.

objectives   To compare the pharmacodynamics and pharmacokinetics
of a single oral dose of nitrazepam (5 mg) in 8 Japanese and 8 Caucasian
matched healthy males and females, in a double-blind, placebo-controlled,
cross-over study.

methods   The study was performed in a Japanese and a Dutch centre,
using the same methods and study design. Japanese and Caucasian subjects
were individually matched for gender, age and body stature. Drug effects
were measured with saccadic and smooth pursuit eye movements and visual
analogue lines obtained from the scales of Bond and Lader.

results   There were no pharmacokinetic differences between the
Japanese and Caucasian subjects. Clearance was 0.91±0.165 and 1.17
±0.492 ml/min/kg, and tA was 22.1±4.96 and 21.5±7.51 hr, respectively.
Pharmacokinetic parameters showed no significant correlation with age,
height or weight. The average time-effect-curves for the different parameters
were comparable between the groups. Compared to placebo, both groups
showed similar significant reductions in average peak velocity (-75±40 vs -
85±24 °/sec; M ± sd), and increases in saccadic inaccuracy (2.3±2.1 vs
2.1±0.9%) and reaction time (17.1±13.3 vs 18.2±14.4 msec). Visual analogue
scores showed clear sedation in the Caucasians, but non-significant effects
in the Japanese subjects. Smooth pursuit did not change significantly in
either group. Slopes and intercepts of concentration-effect relationships 
for saccadic peak velocity showed considerable intersubject variability, but 
no clear differences between the two groups.

conclusions   The pharmacokinetics and pharmacodynamics of
nitrazepam are similar in healthy Japanese and matched Caucasian 
subjects. Interethnic comparative studies are feasible and provide
meaningful information about potential racial differences in disposition and
action of drugs. Such studies can form a rational basis for comparative
clinical trials.
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Introduction
Drug responsiveness may differ among racial and ethnic groups. For some
compounds and drugs, like alcohol, propanolol and debrisoquin, these
differences are caused by genetic diversity in factors such as drug
metabolism or pharmacodynamic sensitivity. In other cases, interethnic
differences may not be predictable. This may obstruct the transition of drug
information from the ethnic group in which they have been developed to
another. The possibility of interracial differences in drug disposition and
effect has contributed to the policy of the Japanese Ministry of Health and
Welfare, Koseisho, to require the repetition of a major part of the drug
development programme in Japanese subjects, before an agent used abroad
can also be registered in Japan. Considering the difficulties in organising
clinical trials in Japan, it would in many instances be more rational to identify
the factors that systematically determine interindividual and interethnic
differences in drug responsiveness, and to adapt subsequent clinical trials 
or treatment regimens accordingly.

Several systematic differences in determinants of drug responsiveness can 
be distinguished. Average body stature differs between Japanese and
Caucasians, and this is an important determinant of the disposition of many
drugs. Genetic diversity in drug metabolism or action are other potential
sources of variability in drug response between the Caucasian and Japanese
populations. The identification of potential interethnic differences in the
disposition or action of a drug that has already been widely studied in the
Western market, and is considered for registration in Japan, could therefore
start with a comparative study of Caucasian and Japanese subjects.
Systematic comparative ‘bridging’ studies are in line with the increasing
globalisation of drug development, that is brought about by the implemen-
tation of the International Conference on Harmonisation Guidelines on 
Good Clinical Practice (ich-gcp), in numerous countries including Japan.
‘Bridging’ studies are advocated in the draft ich guidelines on ethic factors 
in the acceptability of foreign clinical data. In such comparative studies,
research methods would have to be identical and subjects would have to be
carefully matched for demographic factors that are known to influence drug
disposition. The present study is aimed to test the feasibility of such an
approach, by studying the pharmacokinetics and pharmacodynamics of the
benzodiazepine nitrazepam in Caucasian subjects, carefully matched to the
participants of a study in Japan, using the same methods and study design.
The Japanese trial was performed prior to the Caucasian part of the study,
which allowed the matching of subjects and methods among the two

ref. 1
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studies. The eye movement methods used in this study were carefully
matched during a mutual exchange programme among investigators of 
the two research centres, but the studies were otherwise performed
independently.

Methods
Subjects

Caucasian subjects were individually matched with Japanese volunteers of a
previous study, for gender (four males, four females), age (intended allowed
difference up to 5 yrs), height (up to 5 cm) and weight (up to 5%). The study
was performed according to the Declaration of Helsinki and approved by the
Medical Ethics Review Board of Leiden University Medical Center and the
Institutional Review Board of Showa University.

Study design and group size estimation

The study was designed as a double-blind, randomised, placebo-controlled
cross-over trial with a two-week washout period. The study was indepen-
dently performed in two research institutes in The Netherlands and in Japan.
The sample size of four male and four female healthy volunteers was based
upon the size of the Japanese study group. Based on the extensive previous
experience with cns-effects of benzodiazepines, this sample size was
expected to allow the detection of nitrazepam effects using saccadic peak
velocity. The sample size would allow the detection of a 24% difference in
Clearance/kg between the two groups, with a power of 80% using an A of
5%. The power was less for the pharmacodynamic parameters.

Drugs

Nitrazepam was administered as 5 mg capsules, at which it is registered 
as a hypnotic in the Netherlands and in Japan. The nitrazepam capsules 
and identical appearing placebo capsules were from the same batch for 
the Japanese and the Caucasian study (Shionogi Co, Tokyo, Japan), and the
same randomisation order was used. The drugs were given orally, with a
glass of water (with the subject in a comfortable sitting position), under
fasted conditions, followed by a lunch after 4 hours. On all occasions, the

ref. 6
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time of ingestion of the trial medication was between 09:00 and 10:00 am

local time. Other medications, illicit drugs, alcohol, tobacco, or xanthine-
containing foods and beverages were not allowed during the study, except
oral contraceptives and occasional paracetamol.

Pharmacodynamic Determination

The primary pharmacodynamic parameters were determined from saccadic
eye movements, which have been shown to be highly sensitive to benzodia-
zepines. In addition, smooth pursuit eye movements and visual analogue sca-
les of sedation and unsteadiness were assessed. The conditions and methods
for these analyses were the same for the Japanese and the Caucasian part of
the study. Subjects were instructed not to use alcoholic or xanthine-contai-
ning products within 24 hours before drug administration, and to limit the
consumption of these products and maintain a regular diurnal rhythm for 
one week before each study day. Subjects were acquainted with the proce-
dures during a training session, prior to the first study occasion.

eye movements   Saccadic eye movements and smooth pursuit eye
movements were recorded 10 min before drug intake and at 30- 45- 60- 
75- 90- 105- 120- 135- 150- 165- 180- 240- 360- and 480 min after admi-
nistration. Recordings of eye movements were performed in a quiet room
with ambient illumination. Recordings and analyses of saccadic eye
movements and smooth pursuit eye movements were conducted with a
microcomputer-based system for sampling and analysis of eye movements,
and were performed as described previously with adaptions as described
below. In both centres, the same equipment was used for stimulus display,
signal collection and amplification (Nihon Kohden Corporation, Tokyo, Japan).
Sampling, analogue-to-digital conversion and analysis of eye movement
signals were also performed with the same equipment and software
(Cambridge Electronics Design, Cambridge, uk). Disposable silver-silver
chloride electrodes were applied on the forehead and beside the lateral
canthi of both eyes of the subject for registration of the electro-oculographic
signals. Skin resistance was reduced to less than 5 kOhm before application
of the electrodes. Head movements were restrained using a fixed head sup-
port. The target consisted of an array of light emitting diodes on a bar, fixed
at 50 cm in front of the head support. Saccadic eye movements were recor-
ded for stimulus amplitudes of: 10, 15 and 20 degrees to either side. Eleven
saccades were recorded for each stimulus amplitude with interstimulus
intervals varying randomly between 3 and 6 seconds. Average peak saccadic

ref. 6
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velocity of all artifact-free saccades were used as the primary parameter. 
For smooth pursuit eye movements the target moved sinusoidally at fre-
quencies ranging from 0.3 to 1.1 Hz in steps of 0.1 Hz. The amplitude of target
displacement corresponded to 20 degrees eyeball rotation to both sides. Four
cycles are recorded for each stimulus frequency. The time in which the eyes
were in smooth pursuit of the target were calculated for each frequency and
expressed as a percentage of stimulus duration. The average percentage of
smooth pursuit for all stimulus frequencies was used as efficacy parameter.

visual analogue scales   Subjective drug effects are often
quantified with a set of 10 cm visual analogue scales as described by Norris,
and Bond and Lader. These visual analogue scales have not been validate 
for Japanese subjects. Therefore, the six indicators most relative to sedation
were translated into Japanese, to assess three domains of sedation with two
indicators each: mental sedation (Alert-Drowsy and Muzzy-Clear headed),
tranquillisation (Calm-Excited and Tense-Relaxed) and physical sedation
(Well coordinated-Clumsy and Lethargic-Energetic). These indicators
corresponded to numbers 1,2,4,5,6,12 in the scales of Norris, and numbers
1,2,4,5,6,10 in the Bond and Lader scales. Visual analogue scales were
completed at the times of blood sampling: before administration and at 30-
60- 90- 120- 150- 180- 240- 360- 480- and 1440 min (24 hours) after drug
administration.

Blood sampling

Before drug intake, a cannula was inserted into a forearm vein, kept patent
with saline after each blood sample. Blood samples (9 ml) were collected in Li
heparin tubes. Plasma concentrations of nitrazepam were measured in blood
samples taken at the following times: two just before drug administration
(one extra for hplc calibration) and at 30- 60- 90- 120- 150- 180- 240- 360-
480- and 1440 min (24 hours) after administration.

Analyses

drug concentration analysis Plasma concentrations of
nitrazepam were analysed separately in both centres, using the same 
hplc-method.

ref. 7

ref. 8
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pharmacokinetic, pharmacodynamic and statisti-

cal analyses   The pharmacokinetic and statistical analyses were
performed in a single centre, using the original Japanese and Caucasian 
raw data. Eye movement parameters were analysed as areas under the 
effect curve calculated using the linear trapezoidal rule over 0-240 min 
divided by 240 min to obtain a weighted average response. For each group
(Japanese/ Caucasian) separately, placebo results were compared to nitra-
zepam using paired Student t-tests. Groups were compared by analysing 
the difference compared to placebo using unpaired Student t-tests.
Differences between groups are presented with 95% confidence intervals
(95% ci). Model independent nitrazepam pharmacokinetic parameters
(Cmax, tmax, auc(0-24h), auc(0-∞), Clsys, Clsys/kg and tA) were calculated using
WinNonlin (V1.1; Scientific Consulting, Inc., Apex, nc, usa) using automatic
detection of the terminal part of the curve to be used for log-linear regres-
sion. Parameters were compared between groups using unpaired t-tests.
auc(0-∞) and Cmax were analysed after log-transformation, and the resulting
difference was back-transformed, yielding an estimate of percentage
increase with the associated 95% confidence interval (95% ci). 

Correlations between anthropometric measures (age, height, weight) and 
pk parameters were performed using Pearson’s and Spearman’s correlation
coefficients. Statistical analysis and calculations were performed using spss

for Windows V6.1.2 (spss, Inc., Chicago, il). Areas under the effect curve
were calculated using bmdp/Dynamic V7.0 (bmdp Statistical Solutions Ltd,
Cork, Ireland).

Results
Subjects

The eight Caucasian subjects had and average age of 23.3 (range 19-27)
years, a weight of 58.3 (48.0- 82.0) kg and a height of 167.0 (157.0-179.5) cm.
The Japanese demographic characteristics were 22.8 (range 18-26) years,
56.4 (45.0- 78.0) kg and 164.1 (155-178) cm. Differences between some
matched subjects slightly exceeded the intended maximal values: age
differed by 6 yrs in two cases, weight by 10% in one and 6.5% in two cases
(but less than 5 kg in each), and height by 6 cm in one case.
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Pharmacodynamic Determinations

saccadic eye movement   The average time-corrected area-under-
the-effect-curves (auecs) for saccadic and smooth pursuit eye movements
after placebo- and nitrazepam-treatment in the two groups are presented 
in Table 1. In both groups, saccadic peak eye movements showed clear treat-
ment effects, as shown in Table 2. The average placebo-corrected time curves
of saccadic peak velocity for the Japanese and Caucasian subjects were com-
parable between the two groups (Figure 1). Comparison of the two groups
showed no significant differences in any of these parameters (Table 2).

table 1 Eye movement auecs (0-240min) for Japanese and Caucasian subjects

japanese caucasian

Parameter Mean sd N Mean sd N

Nitrazepam

Inaccuracy (%) 10.3 2.1 8 8.2 3.0 8

Peak velocity (°/sec) 301.5 33.2 8 315.8 33.4 8

Reaction time (ms) 221.2 18.7 8 219.3 10.0 8

Smooth pursuit (%) 59.0 12.2 7 48.9 14.9 8

Placebo

Inaccuracy (%) 8.5 2.2 7 6.1 2.2 8

Peak velocity (°/sec) 375.3 48.4 7 400.7 49.8 8

Reaction time (ms) 204.9 17.2 7 201.1 15.5 8

Smooth pursuit (%) 60.5 14.0 8 50.4 16.7 8

table 2 Treatment effects on eye movements for Japanese and Caucasian subjects

japanese caucasian difference

Parameter Mean 95 % ci Mean 95 % ci Mean 95 % ci

Nitrazepam-Placebo

Inaccuracy (%) 2.3 (0.3, 4.2) 2.1 (1.3, 2.8) 0.2 (-1.8, 2.2)

Peak velocity (°/sec) -74.5 (-111.4, -37.6) -85.0 (-105.2, -64.8) 10.5 (-28.3, 49.3)

Reaction time (ms) 17.1 (4.8, 29.4) 18.2 (6.1, 30.2) -1.1 (-16.5, 14.4)

Smooth pursuit (%) -2.4 (-8.6, 3.8) -1.5 (-7.7, 4.7) -0.9 (-8.8, 7.1)

smooth pursuit   The smooth eye movement auec data for the Japa-
nese and Caucasian subjects are represented in Table 1. Both groups failed to
show significant nitrazepam effects, as shown in Table 2. Also, no differences
in treatment effects were detected between the two ethnic groups.
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visual analogue scales   The individual time-effect curves for
visual analogue scores showed clear sedative effects in the Caucasians. 
In contrast, the effects were non-significant in the Japanese subjects, and
often the reverse of the Caucasian effect. It was concluded that the two
ethnic groups had interpreted the visual analogue scales differently, and 
no comparative analysis was made.

figure 1 Average (+ sd) saccadic peak velocity-time curves for Japanese (C) and Caucasian 

(D) subjects, shown as difference from placebo

Pharmacokinetic determinations

The mean nitrazepam concentration-time profiles for both Japanese 
and Caucasian subjects are presented in Figure 2. The pharmacokinetic
parameters are shown in Table 3. Clearance (M±sd) was 0.91±0.165 and
1.17±0.492 ml/min/kg and tA was 22.1±4.96 and 21.5±7.51 hr, in the
Japanese and Caucasian groups, respectively.

The analysis of auc(0-24h), auc(0-∞) and Cmax after log-transformation and
back-transformation of the resulting difference showed that Japanese 
auc(0-24h) was 33.6 % higher (95% ci -1.1, 80.7 %), Japanese auc(0-∞) was
26.3 % higher (95% ci -5.8, 69.4 %) and Japanese Cmax was 15.9 % higher
(95% ci -18.0, 63.7 %). Similar interracial comparisons of clearance and
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clearance/kg showed that Caucasian clearance was 26 % higher (95% ci -6,
99 %) and Caucasian clearance/kg was 22 % higher (95% ci -10, 67 %).
None of these pharmacokinetic differences reached statistical significance
between the two racial groups after paired -or unpaired comparison. The
correlations between anthropometric measures (age, weight, height) and
pharmacokinetic parameters were not statistically significant.

figure 2 Average (+ sd) nitrazepam concentration-time curves for Japanese (C) and 

Caucasian (D) subjects

table 3 Pharmacokinetic parameters for Japanese and Caucasian subjects, obtained 

by model independent analysis

japanese caucasian difference

Parameter Mean sd N Mean sd N Mean 95% ci

tA (min) 1329 298 8 1292 450 8 36.5 (-378.9, 451.9)

tmax (min) 93.8 74.2 8 101.5 71.4 8 -7.75 (-85.89, 70.39)

Cmax (ng/ml) 75.8 28.9 8 62.1 11.7 8 13.7 (-11.1, 38.5)

Clearance (ml/min) 50.8 11.4 8 65.6 22.6 8 -14.8 (-34.6, 5.1)

Clearance/kg 0.91 0.17 8 1.17 0.49 8 -0.26 (-0.68, 0.16)

(ml/min/kg)
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Concentration-effect relationships

The individual nitrazepam concentration-time profiles could not be
adequately described using standard pharmacokinetic models. Individual
plots of saccadic peak velocity against concomitant (linearly interpolated)
nitrazepam concentration revealed possible hysteresis in some subjects,
possible proteresis in others and no sign of either in the rest. No indications
were present to consider a concentration-effect model that was more
complex than a simple linear association. Figure 3 shows the plots using
standard linear regression for both Japanese and Caucasian subjects. 
The mean slopes of the plots of the Japanese subjects were 0.26 (95% ci -
0.32, 0.84)° sec-1ml.ng-1 less steep than the corresponding slopes for the
Caucasian subjects (-1.66±0.69 vs -1.91±0.48° sec-1ml.ng-1). The intercepts
for the Japanese subjects were 2.0 (95% ci -43.2, 39.2)°/sec lower than for
Caucasian subjects (392.5±45.6 vs 394.5±51.9°/sec). The Caucasian slopes
were 24.2 (95% ci -20.2, 93.2) % steeper than the Japanese. Both the slopes
and the intercepts were not statistically different by paired and unpaired
comparison.

figure 3 Slopes of linear relationships between nitrazepam concentrations and saccadic 

peak velocities for Japanese and Caucasian subjects
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Discussion
The objectives of the study were to compare the pharmacokinetics and cns-
pharmacodynamics of a single oral dose of nitrazepam 5 mg between
Caucasian and Japanese male and female volunteers, matched for gender,
age and body stature. Nitrazepam was chosen because it is a widely used
benzodiazepine in both regions, but the pharmacokinetics in the Japanese
population have not been reported. In addition, nitrazepam is partly
metabolised in the liver by enzymes that exhibit polymorphism subject to
interracial differences. The study did not represent a formal ‘bridging’ study
for registration purposes, but was intended to assess the feasibility of such
studies as international enterprises.

Nitrazepam is metabolised by reduction of the nitro group to the
corresponding amine, followed by acetylation to the acetamido-compound.
The first step is catalysed by cytochrome P450 isoenzymes, which show
considerable interethnic variation, e.g. of the cyp2e1 and cyp2c sub-
families, such as cyp2c19. Polymorphism of these isoenzymes could
theoretically lead to differences in nitrazepam effects. The second metabolic
step is catalysed by N-acetyltransferase, which is also polymorphic and
potentially subject to interracial differences. Based on the activity of N-
acetyltransferase (nat2), individuals can be distinguished as fast or slow
acetylators. Ninety percent of the Japanese people are fast acetylators,
compared to less than 50% of the Europeans. More rapid metabolism in
Japanese subjects could theoretically reduce the duration of action of the
parent compound relative to Caucasians; both nat2 metabolites are inactive.
Demographic factors may also contribute to interethnic pharmacokinetic
differences. Body stature may influence the disposition of drugs like nitra-
zepam, while gender and age can cause differences in drug metabolising
enzymes. 

Most of these pharmacokinetic factors, which can contribute to interracial
variability in drug action, can be determined in the ethnic group where the
drug was initially developed. The identification and quantification of such
‘ethnically sensitive’ factors can thus provide a rational basis for subsequent
designs of clinical trials or treatment regimens in other populations, if the
factors affecting drug disposition are also known in the new population.
However, pharmacodynamic differences remain difficult to predict, and
comparative studies such as the current one may elucidate unexpected
interethnic differences in drug action. The design and size of such studies
obviously depend on the drug in question, but identification of ‘ethnically

ref. 11-12
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sensitive’ compounds should ideally be performed during the early phases 
of drug development. The current study was a phase I-type investigation,
intended to test the feasibility and informativeness of interregional
interethnic pharmacokinetic/ pharmacodynamic studies. The draft ich

guidelines on ethnic factors indicate that comparative studies can be
performed within the original region, in a population representative of the
new region, e.g. immigrants. However, this may eliminate only part of the
ethnic variability between the two regions, since many habits of culture,
feeding etc. which may influence drug effects, will have been adopted by 
the immigrants. Therefore, comparative studies are best performed in the
original populations, which however necessitates careful matching of
subjects, study designs and methodology. 

In the current study, subjects were matched for gender, age and body
stature, but the study was not designed to characterise the heterogeneity of
acetylator status or cytochrome P450 activity in the Japanese and Caucasian
populations. This would have required the determination of genetic poly-
morphism and careful identification of nitrazepam metabolites in much
larger samples. In the current study however, relevant differences in drug
metabolism would have become evident from differences in pharmacokine-
tics between the two groups. The results showed no significant pharmaco-
kinetic differences between the two groups, although the 95% confidence
intervals were too wide to confirm bioequivalence. Therefore, subtle inter-
ethnic differences in drug metabolism cannot be excluded, but these are
certainly not as important as the interindividual variability within each ethnic
group. Theoretically, sampling errors in this small study could have obscured
the detection of ethnic differences in drug disposition. In the Japanese group
however this is unlikely, since the most relevant ‘ethnically sensitive’ meta-
bolic factor in this study, nat2-activity, is present in 90% of the Japanese
population. The Caucasian study group also seems to be representative of
the European population, because their pharmacokinetic results agree well
with textbook data on nitrazepam (tA 20-28h, tmax 45-240 min, clearance
0.86 ± 0.12 ml.min-1.kg-1; cf. Table 3).

Apart from the mentioned drug-dependent differences, there are also ethnic
differences in methodology. An example is the difference in visual analogue
scales between the two study groups. Visual analogue scores showed clear
sedative effects in the Caucasians, but the majority of Japanese subjects
scored a value of approximately zero throughout the study day. It is likely that
young Japanese immigrants would have responded more like Caucasians,
illustrating the point that interethnic comparative studies are best performed

ref. 4

ref. 4
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in the original populations. This requires a thorough validation in particular of
subjective methods, such as descriptions of adverse events, visual analogue
scales, questionnaires etc., before they can be applied from one population to
another. The literal translation of relevant visual analogue scales performed
in this study did not take sufficient account of differences in instructions and
in sociocultural factors such as subject-investigator-relationships. Validation
requirements are more easily met for objective methods, which are therefore
more suitable to perform interethnic comparative studies. The eye move-
ment methodology used in this study was carefully adjusted during an
intensive mutual exchange programme between the Japanese and Dutch
research centres.

Although concentration-effect-relationships could be established only
crudely, no significant interethnic variations in pharmacokinetic / pharmaco-
dynamic relationships of nitrazepam were found. Intersubject variability was
much larger than interracial variation. However, the results did not meet
formal criteria for equivalence. Therefore, they would need confirmation,
repetition in special populations (elderly) and extension to some specific
situations (drug interactions). If similarity in drug disposition and effects
among the ethnic groups is confirmed, data from previous studies of
nitrazepam in Caucasian subjects can be translated to the Japanese situation,
leading to rational dose adaptations for treatment regimens. This could
reduce the need for repetition of large scale studies and would rationalise 
the dose selection for the ones that are still necessary. Thus, systematic
comparative studies could ease the burden for clinical reseach in Japan,
where resources that are fully up to the requirements of ich-gcp are
currently limited. The present study shows that interethnic comparative
pharmacokinetic/ pharmacodynamic investigations with rigorous similarity
in design, subjects and methodology are feasible across different regions.
Such studies can make a useful addition to in vitro assessment of ‘ethnically
sensitive’ pharmacokinetic differences, not only for global drug development
but also in multiethnic societies.
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