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Z aleplon is a novel pyrazolopyrimidine sedative?} %IES is safe to take just a few hours before engaging

hypnotic that binds selectively as an agonist at the
omega-1 benzodiazepine receptor subtype. This agent is
absorbed rapidly (t,.. 0.9 to 1.5 hours), forms no active
metabolites, and is eliminated with a monoexponential
half-life of only 0.9 to 1.1 hours.' The unique combination
of receptor-binding selectivity and rapid absorption and
elimination of zaleplon has suggested that this hypnotic
can be taken safely, when symptoms occur, to cope with
either long latency-to-sleep or sleep-maintenance prob-
lems. According to Stahl,> patients whose disturbance
delays the onset of sleep might take zaleplon at normal
bedtime after attempting to fall asleep, whereas those who
fall asleep easily but awaken within several hours might
take the drug to resume sleep, without either group suffer-
ing from residual sedation after morning awakening. Ad-
equate data are available to critically examine whether
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ies that demand unimpaired cognitive and psy-

%I@EFFECTS OF HYPNOTIC DRUGS
f)’ ER THAN ZALEPLON
2
%

The earliest®énzddiazepine hypnotics were eliminated
so slowly that the cof ation in cerebrospinal fluid
made them always pharmaeologically active during regu-
lar nightly use. Flurazepam, @ps the most illustrative
example, was given nightly for @eks in both the usual
30-mg dose and the “geriatric” LQ dose.® Results
showed that relative to placebo, ﬂuratgia consistently
impaired patients’ explicit memory a ychomotor
performance. Mounting empirical and epid%ogic evi-
dence easily dispels any doubt about the clinicaleelevance
of deficits in psychomotor performance shown by patients
in relatively simple tests. Standardized driving tests con-
ducted on a highway in normal traffic consistently re-
vealed that the residual effects of flurazepam, 15 and 30
mg, lasted more than 17 hours after a single dose or on-
going nightly doses.*® The effects of the larger dose on
outpatient performance 10 to 11 hours and again 16 to 17
hours after ingestion were greater than those measured in

another study of social drinkers operating with blood alco-
hol concentrations (BACs) of 0.10 and 0.08 g/dL, respec-
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tively.” More compelling are the results of surveys showing
that flurazepam users are 2 to 5 times more likely
to experience injurious falls and traffic accidents than
matched controls.* "

No comparable body of evidence exists to show that more
recently developed benzodiazepine and benzodiazepine-
like hypnotics cause similar problems. Most are eliminated
much more rapidly than the active N-desalkyl metabolite
of flurazepam (mean elimination half-life = 74 hours),"" and
one might suppose that the risks described above are avoided
with their owever, some data suggest otherwise. Al-
though every b diazepine appears to interfere with the
ability to transfer information from working to long-term
memory as well as%ility to explicitly recall events that
occur while the drugs are active in the brain,'> some of the
shortest-acting benzodia }és seem particularly amnestic.
In case studies cited by Wo al.,'3 midazolam and tria-
zolam, having similar average lives of approximately
2.5 hours," were implicated in anterdgrade amnesia that
totally blocked the recall of event oiring for up to
24 hours after the drugs were taken in o oral doses.
Zopiclone is a cyclopyrrolone hypno@ thﬂo cts as an
allosteric y-aminobutyric acid agonist ﬁt_q)oss@ rough
a different conformational change in the re T lex."”
Although the half-life of zopiclone is only abﬂ@p ogs,lf’
drivers’ use of this agent at night was associa
4-fold increase in risk of first-time traffic accidents

ne
day."” Clearly, problems persist with these agents deQ@e (?
(O\j/ @0 recall) persisted at 5 hours.
Besides zaleplon, the imidazopyridine zolpidem is the /))

their short half-lives.

only hypnotic possessing both the pharmacodynamic and
pharmacokinetic profile that would conceivably render the
drug free of residual effects within a few hours after inges-
tion. Zolpidem also binds selectively at the omega-1 ben-
zodiazepine receptor, produces peak plasma levels within 1
hour, and has an elimination half-life of about 2 hours.'®
Numerous studies have shown that the standard 10-mg
dose of zolpidem lacks residual effects after normal 7- to
9-hour sleeping periods."” However, the proposition that
zolpidem would be similarly safe after shorter periods was
not seriously considered until recently.

RESIDUAL EFFECTS OF ZALEPLON

Effects of Zaleplon on Memory

The effects of zaleplon on memory acquisition and ex-
plicit recall have been assessed in 7 double-blind, placebo-
controlled, and active drug—controlled studies using varia-
tions of a standard test.”>?® This test traditionally involves
the presentation of 15 to 20 unrelated, monosyllabic nouns.
The method of presentation varied between studies, but the
objective was always the same: to measure the number of
words the subject was able to recall immediately after a
single presentation or several presentations, and again after
a delay of 0.5 to 7 hours. The former is immediate recall
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(IR) score, and the latter is delayed recall (DR) score. Oc-
casionally, relative DR (rDR) has been calculated as a per-
centage of IR to adjust for initial learning. As a further
embellishment, some investigators have added new words
to the original word set and shown this new set to subjects.
The subjects had to respond as quickly as possible, and
investigators recorded the number of correct recognitions
(CR) and average reaction time (RT).

Allen et al.*® were the first independent investigators to
measure the effects of zaleplon on cognitive functions.
The dose they administered to 12 volunteers was higher
than that eventually approved for use, but the study is still
relevant. It remains the most comprehensive assessment
of the effects of zaleplon on mnemonic functions other
than the acquisition and explicit recall of verbal informa-
tion. Also measured were working memory, the speed of
confirming the veracity of blatantly true and false state-
ments from information stored in long-term memory, and
the accuracy of recalling prose passages from a story.
Memory was tested before and 1, 3, and 5 hours after
administration of zaleplon, 20 mg; lorazepam, 1 mg; and
placebo in a crossover study design. The overall effects of
lorazepam were significantly worse than those of placebo
in practically every test and significantly worse than those
of zaleplon in most tests. However, zaleplon also impaired
working memory, IR, DR, and prose recall over the entire
testing period. Naturally, these effects were greatest at

hour after ingestion, but some persisted at 3 hours and

s of zaleplon in the standard 10-mg dose concen-
ed sidual effects in men and women, in approxi-
mat% e&ﬁ roportions, after various sleeping periods.
On s t%sions, Vermeeren et al.* treated 28 vol-
unteers v@gz ]Q?on 10 and 20 mg; zopiclone, 7.5 mg;
and placeb the ing before sleep and in the middle
of the night aftér’bei akened from sleep. The effects
on memory were teste %e same time in the morning,
8.75 and 3.75 hours after administration of the respective
doses. Evening zaleplon dosé%ﬂ no significant effects
on any memory parameter, wh r@; zopiclone impaired
DR. The middle-of-the-night zopic oses greatly im-
paired IR, DR, rDR, CR, and RT. Bath middle-of-the-
night zaleplon doses significantly impai)}l R, though
less than zopiclone. Zaleplon, 20 mg, also ced rDR
and CR, but these effects dropped below the level of sig-
nificance after adjustment for multiple testing.

Danjou et al.” followed a similar procedure of briefly
interrupting volunteers’ sleep to give them zaleplon, 10
mg; zolpidem, 10 mg; and placebo at 5, 4, 3, and 2 hours
before final awakening and testing. Treatments were
administered according to an incomplete-block design
so that each of the 36 participants was tested in 6 of the
12 possible drug/time conditions, and 18 participated
in each condition. Zaleplon had no significant effects on
memory in the standard test or in the Sternberg Memory
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Scanning Task, even when taken 2 hours beforehand.
In contrast, zolpidem consistently impaired IR and DR up
to 5 hours and memory scanning up to 4 hours after dose
administration.

Troy et al.?! compared 10 and 20 mg of both zaleplon
and zolpidem with triazolam, 0.25 mg, and placebo at times
after ingestion and sleep, when the plasma concentrations
of the drugs should have been near maximum (+1.25 hours)
and very low (+8.25 hours). The 24 volunteers’ mnemonic
functions were tested at both times after each treatment
in the stan test, the Digit Span Test, and the Paired
Associates Lea Test. After 1.25 hours, zaleplon, 10
mg, had no s1£¥ nt negative effects, whereas every
other treatment im memory in all or nearly all tests.
The differences b equal doses of zaleplon and
zolpidem were all mgmfl@(‘ in favor of zaleplon. Only the
standard test revealed resi ects after 8 hours; every
treatment impaired DR of wor sented 7 hours earlier.
Unlike other treatments, zaleplon,}}(ﬂn , did not impair
rDR relative to placebo, indicatin, investigators
that “the therapeutic dose of zaleplon not impair
memory.”*'®*? However, if not the résillt 6 chance, a sig-
nificant effect on DR but not rDR may ifidica defi-
cit in initial acquisition. The fact that IR a,kd) was
not significantly different between zaleplon /I;(») mé
placebo in this study does not preclude the (‘q}
of such a deficit. In any case, the effects of zalepl
hours on DR and rDR were significantly less than thos@gf
zolpidem in both 10- and 20-mg doses.

Findings from 2 recent studies of the effects of zaleplon /

on memory have been reported in conference proceedings.
Stone et al.** administered zaleplon, 10 and 20 mg;
zopiclone, 7.5 mg; and placebo on separate occasions to
13 volunteers after they had slept 5 hours and before they
attempted to resume sleep in the presence of noise. The
standard test was applied 4 hours after dosing and showed
a significant effect of zopiclone on DR, but no effect of
zaleplon, either 10 or 20 mg. Hindmarch et al.** studied 40
volunteers using an incomplete-block design in which
subjects were tested after each combination of 4 treat-
ments (zaleplon, 10 and 20 mg; zolpidem, 10 mg; and pla-
cebo) and at 3 times after administration (5, 3, and 1 hour
before awakening). Zaleplon, 10 mg, had no significant
deleterious effects. The 20-mg dose impaired IR and DR,
but only when given 1 hour before awakening. In contrast,
zolpidem impaired DR when administered for up to 5
hours before awakening and memory scanning (Sternberg)
for up to 3 hours before awakening.

Effects of Zaleplon on
Simple Psychomotor Performance

The studies described in the preceding section also
included laboratory assessments of functions that mediate
information processing between exteroceptive or proprio-
ceptive sensory input and an adaptive motor reaction, i.e.,
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Table 1. Psychomotor Tests Showing Significant (italicized)
and Nonsignificant Effects of Zaleplon and Reference
Hypnotics, Relative to Placebo, at Different Times After
Administration®

Time After Administration (h)

Drug 1.0-2.25 2.25-3.25 3.25-4.25 4.25-525 5.25-8.25
Zaleplon, CFF»* CFF»* CFE %% CFE»* CTT?
10 mg CRT23,24 CRTZX 24 CRT23,26 CRTZX .24 DIVzI.ZS
DIV DSST®*  DSST** DSST*?* DSST**
DSST2|.23 PSZZ PSZZ
D$|-24
Zaleplon, CFF?* CFF* CFF* CFF* CTT®
20 mg CRT?* CRT* CRT* CRT* DIV
DIV* DSST* DSST?* DSST* DSST?'»
D$I'21,24 PSZZ PSZZ
Zolpidem, CFF* CFF* CFF?> CFF»* CTT®
10 mg CFF* CFF* CRT® CRT* DIV2»
CR 2324 CR 2324 DSS"[‘Z? CR 24 DSSTZI,ZS
D|V21 D$|-23.24 D$T 2324
D$‘r2|.23,24
Zolpidem, DIV? CcTT™
20mg  DSST? DIV?!
DIV?
DST 21,25
Zopiclone, CFF* PS*
7.5 mg CRT*
D$T 26
PSzZ
Triazolam, DIV?! DIV
0.25mg DSST* DSsT

*Data from Troy et al.,21 Vermeeren et al.,”> Danjou et al.,”* Hindmarch
et al.,”* Volkerts et al.,”” and Stone et al.*® Abbreviations:

CFF = Critical Fllcker Fusion (measures visual discrimination),
CRT = Choice Reaction Time (measures recognition speed and motor

V = Divided Attention (measures visuomotor coordination, motor
agd concentration), DSST = Digit Symbol Substitution Test

(? zg eed), CTT = Critical Instability Trackmg (measures motor control),

(meas cognitive performance and motor speed), PS = Postural
ability measures postural sway).

N2 4 “p

psych@ ctions.?"?® The number and diversity of
functions’yary ‘(?ely between these tests. The simplest
measure is)%%lg ction such as proprioceptive motor
control while n@fnta% an erect posture. More complex
measures are sensitive t (@rvening factors, such as sus-
tained or divided attention, decigion making, and working
memory. A few of the oldest;‘mQst sensitive, and widely

used tests, e.g., the Digit Symbol @tltutlon Test (DSST),
are sensitive to so many factors th J)lS difficult to say

exactly what it measures other than _some;ombination

of the above, yet all measure the speed o information
flow through relatively invariant channels i the brain.
Drugs that retard the flow increase latency and diminish
accuracy in response to discrete events. Similarly, these
tests expand error variability during closed-loop situations
because of delayed response to dynamic changes in the
environment.”’

The results of psychomotor testing from the afore-
mentioned studies®'° are given in Table 1. They show that
zaleplon, 10 mg, was practically devoid of significant
residual effects even 1 to 2 hours after administration.
Zaleplon, 20 mg, significantly impaired performance at the
time its plasma concentration must have been near maxi-
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mum (1 to 2 hours), but never thereafter. In contrast, zolpi-
dem, 10 mg, generally impaired performance in all tests for
up to 5 hours after administration.

Results of another study® differed from those cited in
Table 1 in several respects, the most important being the
subjects—22 patients with sleep maintenance insomnia
who spent 2 consecutive nights at a sleep laboratory. They
retired without medication, to be awakened 3.5 hours later
for respective treatments with zaleplon, 10 mg; fluraze-

pam, 30 mg; and placebo. Residual sedation was assessed
using the both 5 and 6.5 hours after treatment. Flur-
azepam had the cted impairing effect. However, mean

performance w

leplon was slightly better than with
placebo, although %

ifference was not significant.

Effects of Zaleplon on A(}a'l Driving Performance
However useful short a%ﬁmal psychomotor tests
may be for the initial assessm the residual effects of
a hypnotic, they cannot provide unequivocal evidence that
impairments will not emerge in m plex real-life

activities that extend over hours. ThlS fa recognized
by the European Medicines Evaluat cy A\EMEA),

the pan-European equivalent to the U/‘?@Fo Drug
Administration, in guidelines for the dev hyp-
notic drugs.”? EMEA strongly recommende .

tion of more realistic tests lasting a mlmmum

A standardized actual driving test was one of seve
could meet this need. One test developed by O’ Han%
in the early 1980s has been applied in more than 50 maj
studies.*® The subject, accompanied by a licensed instruc-
tor who has access to redundant controls, begins by assum-
ing control of a specially instrumented vehicle at the en-
trance to a 100-km (61-mile) primary highway circuit.
The subject attempts to drive at a constant speed and steady
lateral position between the boundaries of the slower traf-
fic lane. Speed and lateral position relative to lane-line
delineation are continuously recorded by apparatus aboard
the vehicle. After the subject completes the circuit in about
1 hour, the data are reduced to yield the mean and standard
deviation of speed and lateral position by successive
10-km segments. The pooled lateral position variance is
calculated, and its square root, the mean-adjusted standard
deviation of lateral position (SDLP), is taken as the primary
outcome variable.” It is an integrated measure of road-
tracking error. SDLP, which is also an extremely reliable
(test-retest r = 0.70 to 0.90) parameter during normal driv-
ing under all but extreme traffic and weather conditions,
is very sensitive to all types of sedating drugs. In an early
study’ of 24 “social drinkers,” the correlation between
mean BAC (range, 0.03-0.15 g/dL) and SDLP was so
strong (r = 0.98) that the mathematical equation describing
the relationship has been used ever since for calibrating
every other drug’s effect in terms of a BAC equivalent. The
standard driving test has been applied for measuring
the residual effects of most approved hypnotics. Three of
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Figure 1. Mean Change in SDLP From Placebo After
Treatments With Alcohol, Zaleplon, and Zopiclone®
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“Based on data from Louwerens et al.,” Vermeeren et al.,”> and
Vermeeren et al.’! Abbreviations: BAC = blood alcohol concentration,
R = “repeat” test, SDLP = standard deviation of lateral position.
"From the equation by Louwerens et al.”

‘From Vermeeren et al.?

YFrom Vermeeren et al.*'

p <.001.

(?%most recent applications have studied zaleplon with

e as the comparator in 2 and zolpidem in the third.

Its are shown in Figures 1"***' and 2.7
(? In t@&rst zaleplon study by Vermeeren et al.,”* 24
Voll@ee ve, on separate occasions, 10 to 11 and 5to
6 hours 5? ning and middle-of-the-night doses, re-
spectiv lon, 10 and 20 mg; zopiclone, 7.5 mg;
and place@ le did not affect SDLP regardless of
dose and time @' ad ratlon before driving. However,
zopiclone given in th 1ng significantly increased
SDLP (compared with plal he equivalent of an ap-
proximate BAC of 0.09 g/dL approximately equal to the
legal limit for intoxication in the ed States). Zopiclone
given in the middle of the night proﬂﬁ)ggd an even greater
increase in SDLP to the equivalent of anappreximate BAC
of 0.13 g/dL. At this time, 5 subjects (18% to stop pre-
maturely after driving with SDLPs higher tl%e normal
limit (35 cm). Astonishment at the stark contrast between
effects of the drugs led the investigators to attempt a
partial replication in a second study.’' A new group of 30
volunteers were given zaleplon, 10 mg; zopiclone, 7.5 mg;
and placebo at bedtime, 10 to 11 hours before taking the
driving test. Again, zaleplon did not affect mean SDLP,
while zopiclone significantly increased SDLP compared
with placebo. This time the investigators chose not to rely
on historical data for describing the effects of zopiclone
relative to those of alcohol. Instead, they separately tested
the subjects’ driving performance after drinking alcohol,
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Figure 2. Mean Changes in SDLP From Placebo After
Treatments With Alcohol, Zaleplon, and Zolpidem®
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sufficient for achieving a mean BAC of 0.03 g/dL, and @

alcohol placebo. The effect of alcohol on SDLP was almost
the same as predicted by the calibration equation. More-
over, the effect of alcohol on mean SDLP of these subjects
was only half that of zopiclone. Thus, the residual effect of
zopiclone on driving in the standard test 10 to 11 hours
after its administration is about the same as that of BACs
between 0.06 and 0.09 g/dL.

Volkerts et al.” combined elements of the former stud-
ies for comparing the effects of zaleplon and zolpidem in
both 10- and 20-mg doses versus those of placebo and
alcohol controls. Again, the investigation was designed in
2 parts—a 2-way crossover between alcohol and alcohol
placebo and a 5-way crossover between the hypnotics and
placebo—involving the same 30 volunteers. The mean
BAC of the subjects in the first part was 0.03 to 0.64 g/dL,
and its significant effect on SDLP was about the same as in
the earlier experiment. In the second part, subjects retired
without medication but were aroused for treatment 5 hours
later. Subjects were allowed to resume sleeping for 3
hours, and after final awakening, their driving perfor-
mance was tested within 4 to 5 hours after treatment. Nei-
ther zaleplon dose affected SDLP. Zolpidem, however,
increased SDLP in a dose-dependent manner, with 10 and
20 mg producing mean elevations that were respectively
4 and 11 times greater than those of alcohol in the same
subjects.

42

DISCUSSION

The hypnotic effects of zaleplon, 10 mg, extend for
several hours after ingestion. If used at normal bedtime,
the initial pharmacologic effect may give way to normal
sleeping lasting the night. Given the rapid rate of elimina-
tion of zaleplon, one would not expect, and indeed no
investigator has shown, any residual effects after normal
7- to 9-hour sleeping periods, but the same can be said
for other widely used hypnotics, such as zolpidem. How-
ever, zaleplon can be taken closer to the time of final
awakening with the same lack of residual effects. Results
from Volkerts et al.”> are perhaps the most definitive. No
significant effects of zaleplon, either 10 or 20 mg, on ac-
tual driving performance were observed 4 to 5 hours after
ingestion. In contrast, the effects of zolpidem were marked
after the recommended 10-mg dose and would have been
dangerous in normal driving after a 20-mg dose. Similar
results were obtained by Vermeeren et al.”> At 5 to 6 hours
after ingestion, zaleplon, 10 and 20 mg, did not affect driv-
ing, whereas the normal 7.5-mg zopiclone dose produced
strong impairments. These results support the entirely
consistent nature of zaleplon, 10 mg, not to affect psy-
chomotor performance in laboratory tests at all times from
2 hours after ingestion. One could argue that those tests
were selected or approved by the manufacturer of the drug
and therefore might not be the most sensitive available.

%amly, they were not comprehensive in the sense of

suging every brain function that determines the effi-
psychomotor performance in real life. However,
ument cannot be leveled at the driving test. In
hﬁf% ns reported here, the driving test, which is
the § test commonly used for drug screening,
was Se e deleterious effects of alcohol in the
lowest bloq/§)6 tions known to affect any type of
performance ou t absolutely conclusive, the evi-
dence supporting the s f driving or performing any
other psychomotor task 4 hourgrafter ingesting zaleplon,
10 mg, is about the strongest@gnce presently possible
to obtain in an experimental situ
It is not as easy to argue that the
mg, on mnemonic functions are total at the same
time that psychomotor functions return to 1. The spe-
cific amnestic effect of benzodiazepine-rec oD agonists
is thought to be somewhat independent of the general cen-
tral nervous system depression responsible for both hyp-
notic potency and psychomotor impairment™”=° and that
the former outlasts the latter.””*®* Moreover, some drugs
that induce sleep and impair psychomotor performance by
other mechanisms of action (e.g., H, receptor antagonism)
do not cause anterograde amnesia.*’ Unique among those
who have studied the effects of zaleplon on memory,
Vermeeren et al.”> found small but significant effects 4
hours after ingestion of both 10- and 20-mg doses on
DR in the word learning test. Nevertheless, they failed to

h}

ts of zaleplon, 10
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