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E ffects of zolpidem 10 mg, zopiclone 7.5 mg and flunitrazepam 1 mg on
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Abstract

The effects of a single dose of zolpidem (10 mg), zopiclone (7.5 mg) and flunitrazepam (1 mg) on motor activity the following 3 nights
were compared to those of a placebo in a double-blind, crossover study. Thirty-three healthy subjects received medication between 10.30
and 11.30 p.m. and were asked to rise between 7.30 and 8.30 a.m. During the night under treatment, flunitrazepam, zopiclone and
zolpidem significantly reduced motor activity. Changes in motor activity are quantitatively compatible with the hypothesis of reduced
light sleep and wakefulness after sleep onset. During the first or second post-drug night, for zolpidem and zopiclone the opposite effect
was observed, i.e. increased activity compared with placebo. These modifications cannot be explained by modified sleep structure. This
last result underlines our inadequate understanding of the underlying mechanisms of motor activity during sleep. However, being sensitive
and easy to use, actigraphy is an ideal technique to assess the effect of hypnotics on large populations and for long duration studies.
   2002 Elsevier Science B.V./ECNP All rights reserved.
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1 . Introduction was drawn from a small number of studies, each only
involving a small number of subjects, usually less than ten.

The therapeutic aim of hypnotic drugs being to induce These negative results may therefore be due to low
and maintain sleep, they should reduce both the latency of statistical power. The small number of subjects is partly
sleep onset and the number or duration of awakenings due to the fact that these studies used polysomnography
(wake after sleep onset, WASO). Along with these desired (PSG), the reference technique for the study of sleep and
effects, hypnotics have side-effects on sleep structure. the only one capable of describing its structure, but a
Thus, benzodiazepines, which are second generation hy- costly and time-consuming one. Intra-subject variability in
pnotics, increase stage 2 sleep and reduce REM sleep and sleep episodes from one night to another is such that even
slow wave sleep (stages 3 and 4) (for review see Parrino a high precision method as PSG fails to highlight substan-
and Terzano, 1996). Moreover, rebound insomnia may be tial effects in a small number of subjects.
produced by discontinuation of benzodiazepine hypnotics Being cheap and easy to use, actigraphy, the continuous
even when taken for short periods of time (for review see ambulatory recording of motor activity, has developed as a
Gillin et al., 1989). Conversely, zolpidem and zopiclone, method for assessing sleep. Some polysomnographic pa-
third generation hypnotics, seem to induce only slight rameters such as total sleep time, time in bed, and WASO
alterations to sleep structure and no rebound insomnia are highly correlated with actigraphic measurements (for
(Parrino and Terzano, 1996). However, this conclusion review, see Sadeh et al., 1995). Although the underlying
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reveal the fine structure of sleep, it does have definite The start and duration of the night being imposed by the
advantages over polysomnography: it costs less in material protocol, these parameters were not studied.
and scoring time; it interferes less in the subject’s normal The experiments took place from Monday evening to
life; it is ambulatory, so sleep characteristics can be Saturday morning. To avoid any possible interference with
observed in the person’s normal habitat; it can be used for changes in chronobiological rhythms from one day of the
long periods of time. Thus, actigraphy would appear to be week to the other, for one subject, the medication was
a technique well suited to detecting changes in sleep in a delivered on the same day of the week for all four sessions.
large number of subjects over an extended period.

All hypnotics studies using actigraphy reported a de-
2 .3. Actigraphy´crease in motor activity during sleep (Borbely et al., 1983,

´1984; Borbely, 1984, 1986; Crowley and Hydinger-Mac-
The actigraph (Gaehwiler Electronic, CH-8634 Hom-donald, 1979; Mattmann et al., 1982). However, no

brechtikon, Switzerland) counts, over 1-min epochs, theresearch using actigraphy has been done with third gene-
occurrence of supra-threshold movements (accelerationration hypnotics.
greater than 0.1 g). To determine the start and the end ofThe first aim of the study was to look for the effects of
the sleep period, actigraphic data were temporarilyzolpidem and zopiclone on night-time motor activity.
smoothed by a moving window averaging with a 30-minSince the most appropriate role for hypnotics is in transient
width. The start of the sleep period was determined assleep disorders, we looked for the effects of these two
being the first period of total inactivity, and the end of thedrugs in single doses on healthy volunteers. The second
sleep period as being the last period of total inactivity.aim of this study was to determine changes in night-time
Over the sleep period thus determined, three parametersmotor activity during the 2 post-drug nights.
defined by Middelkoop et al. (1993) were then calculated
with raw unsmoothed actigraphic data:

2 . Experimental • The activity level (AL) is the mean activity count /1-
min epoch.

2 .1. Subjects • The movement index (MI) is the percentage of epochs
with an activity count greater than zero.

The study was carried out on 33 healthy volunteers (21 • The mean duration of uninterrupted immobility periods
men and 12 women, mean age 27.5 years; range 20–67) (DIP). An uninterrupted immobility period is made up
who reported no disorders of sleeping, alertness, neurologi- of consecutive epochs with an activity count50.
cal, cardiovascular, respiratory, hepatic, renal or metabo-
lism; no chronic or transitory use of medication, except

2 .4. Statistical analysiscontraceptives, during the 2 years prior to the experiment;
no cigarette consumption.10 cigarettes per day or alcohol

The effects of the medication on each of the actigraphicconsumption.28 units per week.
parameters were assessed using an ANOVA with two
factors (medication3subject) followed by a multiple mean

2 .2. Designs comparison test with the placebo condition (Dunnett’st
test). P,0.05 was considered as statistically significant.

The study was conducted according to a balanced, Statistical analysis was performed usingSAS 6.10.
double-blind, crossover design. Each subject followed four
sessions held at intervals of 2 weeks. Zolpidem 10 mg,
zopiclone 7.5 mg, flunitrazepam 1 mg or placebo in
identical capsules were administered at the subject’s home3 . Results
under the supervision of an investigator between 10.30
p.m. and 11.30 p.m. All hypnotics were administered at the During the night under treatment, flunitrazepam, zopi-
lowest therapeutic dose. Flunitrazepam was introduced into clone and zolpidem significantly reduced the AL
this study as a positive control since night motor activity [F(3.32)513.2; P,0.001] and the MI [F(3.32)59.2; P,
was already determined with this drug (Mattmann et al., 0.0001] and increased the DIP [F(3.32)512.5; P,0.0001]
1982). (Fig. 1). The most important effects were observed follow-

The subjects placed the activity monitor on the non- ing ingestion of flunitrazepam and the smallest one after
dominant wrist at the time of taking the capsule and ingestion of zolpidem.
removed it at the end of the first night for 16 subjects and As early as the first post-drug night, the effect of
at the end of the 3rd night for the 17 others. The subjects treatment on the DIP and the MI disappeared ([F(3.16)5
were instructed to retire to bed within 30 min of taking the 1.26;P50.29 for DIP]; [F(3.16)51.58; P50.2 for MI]).
medication and to rise between 7.30 a.m. and 8.30 a.m. On the other hand, the treatment still had an effect on the
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AL [ F(3.16)53.19;P50.02] but it was only significant for
zolpidem (Fig. 2). However, what we see here is an
increase in the AL (by 26%) compared with placebo and
hence an inversion of the effect observed during the night
under medication.

During the second post-drug night, the effect of zol-
pidem had worn off whereas zopiclone increased the AL
by 17% [F(3.16)52.25; P50.08].

4 . Discussion

4 .1. Nights under treatment

In the healthy young subjects of the present study,
flunitrazepam, zolpidem and zopiclone reduced night-time
motor activity. Only flunitrazepam had been previously
studied using actigraphy: the drop in the MI that we
observed at a 1-mg dose (25%) is similar to that found by
Mattmann et al. (1982) with a 2-mg dose. Thus, our study
extends this finding to zolpidem and zopiclone.

The marked changes in night-time motor activity found
here with zolpidem and zopiclone contrast with the moder-
ate changes in sleep structure observed by the polysom-
nographic studies. Despite this apparent disagreement, we
nevertheless tried to determine whether these changes in
night-time motor activity might result from altered sleep
structure.

In order to verify this hypothesis, we took as a basis a
study of Middelkoop et al. (1993) that quantified the level
of night-time motor activity in function of PSG sleep
stages. These data enable a theoretical value of actigraphic
parameters to be calculated for any hypnogram. We
performed this theoretical calculation from the variousFig. 1. Effects of treatments on activity level (AL), movement index (MI)

and duration of uninterrupted immobility periods (DIP). Results are studies that quantified, stage by stage in healthy subjects,
expressed as means1S.E. Significant comparisons to placebo using alterations to sleep structure induced by flunitrazepam,
Dunnett’s test are depicted. Fln, flunitrazepam 1 mg; Zc, zopiclone; Zp, zopiclone and zolpidem administered at comparable doses
zolpidem 10 mg; Pla, placebo.

to that of our study (except for flunitrazepam, where the
studies only involved doses of 0.5 mg or 2 mg). For each
parameter and each molecule, we then calculated the
percentage variation as compared with the theoretical
values of the night under placebo. The result of this
theoretical calculation is compared with the actual values
of our study in Table 1.

For the AL and the MI, there are good agreements
between the observed values and theoretical values, except
for the study by Nicholson and Stone (1982), where,
although leading in the same direction, predicted variations
in AL and MI are substantially smaller than in our study.
On the other hand, for variations in DIP, the theoretical
values are systematically lower than the observed values.

According to Middelkoop et al. (1993), the MI and the
AL mainly depend on the quantity of stage 1 and WASOFig. 2. Effects of treatments on activity level (AL) of post-drugs nights.
whilst the DIP depends primarily on the slow wave sleepMean1S.E. and Dunnett’s test statistical significant results are repre-

sented. and, to a lesser extent, on stage 2 sleep. Thus, we may
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Table 1
Actual and theoretical variations in actigraphic parameters during the night after intake of 7.5 mg zopiclone (Zc), 10 mg Zolpidem (Zp) and 1 mg
flunitrazepam (Fln)

MI AL DIP

Zc Actual effect 215 231 123
Estimated effect Nicholson and Stone, 1982 25 23 17

Billiard et al., 1987 216 223 115
Billiard et al., 1989 222 234 112

Zp Actual effect 212 217 114
Estimated effect Nicholson and Pascoe, 1986 213 223 15

Brunner et al., 1991 28 211 15

Fln Actual effect 225 234 137
Estimated effect Nicholson and Stone, 1980 (0.5 mg) 213 221 112

´Borbely et al., 1985 (2 mg) 240 251 14
Gaillard and Blois, 1989 (2 mg) 235 251 12

All values are expressed in percentage of the night under placebo. See text for explanations.

conclude that actigraphy, through measurement of MI and er values than those that would be expected from an
AL, is a fairly reliable technique for assessing stage 1 and alteration of the structure of sleep alone.
WASO changes due to the intake of hypnotics while it
does not afford access to changes in slow wave sleep.

4 .3. Disagreement between actigraphy and PSG;
limitation of the study

4 .2. Post-drug nights
Contrary to other changes in actigraphic parameters

During the first post-drug night, the AL was higher for observed in the present study, variations in DIP during the
zolpidem than for placebo. This is therefore the opposite night under medication and in AL during the post-drug
effect from that observed during the night under treatment nights cannot be interpreted as sleep structure modifica-
when the AL was lower for zolpidem than for placebo. For tions. Although polysomnography and actigraphy reach an
zopiclone, we also observed an inversion, but it was acceptable level of agreement in normal subjects (Sadeh et
delayed, appearing only during the second post-drug night. al., 1994), there are systematic differences in patients
These effects in the opposite direction to that observed suffering from sleep or psychiatric disorders (Sadeh et al.,
during the night under medication may be likened to a 1995; Jean-Louis et al., 2000; Pilsworth et al., 2001). In
rebound effect. The timing of this rebound effect could other words, control mechanisms of sleep and control
depend on the hypnotic half-life, which is longer for mechanisms of motor activity during sleep can be differ-
zopiclone than for zolpidem. This increase in motor ently affected by pathologic conditions. The same probably
activity cannot be interpreted as being secondary to a holds true for subjects treated with hypnotic drugs. This
change in WASO. Indeed, Brunner et al. (1991) have result once again underlines our inadequate understanding
shown that WASO is lower during the post-zolpidem night of the underlying mechanisms of motor activity during
than during the post-placebo night and this decreasing sleep.
ought therefore to be accompanied by a decrease in the Moreover, even though we could conclude from the
AL. In the present study flunitrazepam did not alter motor present study that variations in AL and MI after taking
activity during the 2 post-drug nights. This result confirms hypnotics reflect a decrease in light sleep and WASO, this
observations of Mattmann et al. (1982). Owing to flunit- conclusion is valid only with healthy subjects but is not
razepam long half-life, one may suppose that the rebound necessarily true with insomniac patients. The first reason is
effects come later and that an increased AL would be that relationship between actigraphy and PSG is not the
noticeable several nights after discontinuation. same for insomniac and normal subjects (see review in

For the first post-flunitrazepam night, the theoretical AL Verbeek et al., 2001). The second reason is that the effects
´calculated on the basis of sleep stages obtained by Borbely of hypnotics on sleep structure—and thus on sleep de-

et al. (1985) and Gaillard and Blois (1983) is decreased by pendant actigraphic parameters—are not quantitatively the
11 and 17%, respectively, as compared with the post- same in good and insomniac sleepers. In the present
placebo night, whereas the value observed in our study was experiment, as homogeneous samples of insomniacs are
only 3%. Thus, for post-flunitrazepam nights as well as for difficult to recruit for pharmacotherapy studies, we choose
post-zolpidem nights, actigraphy systematically gives high- to study normal sleepers; that choice is justifiable because
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