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Modafinil, d-amphetamine and placebo during 64 hours of
sustained mental work. 1. Effects on mood, fatigue, cognitive
performance and body temperature
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SUMMARY Modafinil is an alerting substance that is considered safer than amphetamine with
fewer side effects. Although modafinil has been used successfully to treat narcolepsy,
relatively little is known about its ability to ameliorate fatigue and declines in mental
performance due to sleep deprivation (SD) in a normal population. Forty-one
military subjects received either 300 mg of modafinil, 20 mg of d-amphetamine, or
placebo on 3 separate occasions during 64 hours of continuous cognitive work and
sleep loss. Three drug treatments were given: at 23.30 hours and 05.30 hours during
the first and second SD nights, respectively, and once at 15.30 hours during the third
day of continuous work. Subjective estimates of mood, fatigue and sleepiness, as
well as objective measures of reaction time, logical reasoning and short-term
memory clearly showed better performance with both modafinil and amphetamine
relative to placebo. Both modafinil and amphetamine maintained or increased body
temperature compared to the natural circadian cycle observed in the placebo group.
Also, from subject debriefs at the end of the study, modafinil elicited fewer
side-effects than amphetamine, although more than the placebo group. Modafinil
appears to be a good alternative to amphetamine for counteracting the debilitating
mood and cognitive effects of sleep loss during sustained operations.
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INTRODUCTION

Fatigue due to sleep loss is a major research issue relevant
to many areas of contemporary society. In a report for the
National Commission of Sleep Disorders Research, Leger
(1994) estimated that the total cost of accidents related to
sleepiness in 1988 was over $43 billion and concluded that
sleepiness, both as a primary and as a secondary cause, is a
very underrated factor. Rosekind et al. (1994) discussed the
prevalence of fatigue issues related to society’s need for
continuous 24 hour operations. In particular, they
summarized research from the aviation environment which
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demonstrated the prevalence of circadian disruptions,
poorer sleep quality (on the ground) and in-flight napping in
both short- and long-haul commercial operations. The
unique and often extreme operational conditions faced by
military personnel can greatly exacerbate problems due to
fatigue. For example, Neville et al. (1994) reported that
airlift operations carried out by C-141 aircrews during
Operation Desert Storm were so fatiguing that crews at
times felt that they were unable to function.

Sleep loss studies have repeatedly demonstrated that sleep
deprivation is associated with higher levels of (subjective)
fatigue and sleepiness as well as poorer cognitive
performance (Johnson and Naitoh 1974; Opstad et al. 1978;
Haslam 1982; Naitoh 1982). However, such studies were
often characterized by a paucity of behavioural tasks
administered relatively infrequently. Also, the tasks were

© 1995 European Sleep Research Society



typically not cognitively demanding and may have been
separated by long periods of leisure activity (e.g. reading or
watching movies). For these reasons Angus and Heslegrave
(1985) suggested that performance declines due to sleep loss
reported in many studies may have been conservative and
did not reflect performance impairment expected in actual
work environments. Their work showed that when sleep
deprivation was coupled with intensive cognitive work,
performance decrements of 30-40% were found during the
first night and 60-70% decrements were observed during
the second night without sleep (Angus and Heslegrave 1985;
Heslegrave and Angus 1985). Angus et al. (1992) aiso
showed that counter measures such as physical fitness,
physical exercise and reduced workload failed to inhibit the
observed declines in cognitive performance. The only
non-pharmacological procedure to recuperate or ameliorate
the effects of sleep loss was strategically placed naps (Angus
et al. 1992; and Naitoh and Angus 1989).

The use of alerting substances to combat sleep loss is
becoming increasingly more common in military operations
(Senechal and Jones 1988; Hughes 1991; Lagarde er al. 1991,
Atkinson 1993). Although emphasis should still be placed on
non-pharmacological methods for preventing or alleviating
fatigue due to sleep loss (Naitoh and Kelly 1992), the
exigencies of military operations may preclude such
methods. Often the only alternative is the use of alerting
substances.

Lagarde (1990) has divided alerting substances (or
psychostimulants) into three classes: amphetaminic sub-
stances, xanthine derivatives, and new synthetics. The first
(e.g. d-amphetamine) have potent pharmacological and
psychological effects including feelings of euphoria, loss of
appetite, increases in heart rate and blood pressure, while
the second (e.g. caffeine) have fewer side-effects but also
reduced potency (Newhouse et al. 1992; Lagarde and
Batejat 1994). A new class of psychostimulants, called
eugregoric, have recently become available and purport to
elicit alerting properties similar to amphetaminic substances.

One of these, modafinil, is a compound (diphenylmethyl-
sulfinyl-2 acetamide) that is described as maintaining
wakefulness while having few side-effects (Lafon 1994). The
pharmacological mechanism of modafinil is not well known.
It is often described as an alpha-1 adrenergic agonistic
(Rambert et al. 1986; Lyons and French 1991), but Mignot et
al. (1994) have recently questioned this interpretation,
reporting that modafinil had good selectivity for the
dopaminergic transporter. Nevertheless, the relatively
benign psychopharmacological properties of modafinil make
it a good candidate to reduce or ameliorate the cognitive
effects of prolonged sleep loss under continuous workload
conditions. (For a more complete description of the
biological-pharmacological characteristics of modafinil see
our companion paper in this issue—Buguet et al. 1995, pp.
227-239.)

There have been few controlled studies investigating the
alerting properties of modafinil using normal adult subjects
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(Lyons and French 1991). Modafinil has been used primarily
in either clinical studies to treat sleeping disorders (Billard et
al. 1987; Laffont et al. 1987; Bastuji and Jouvet 1988; Besset
et al. 1992; Laffont et al. 1992) or in animal studies to
investigate its pharmacological properties (Duteil et
al. 1979; Milhaud and Klein 1985; Lagarde 1990; Hermant et
al. 1991). Of the studies performed on healthy human
adults, none has investigated the relative effectiveness of
modafinil under sleep loss conditions involving more than 1
night or under continuous workload conditions (Bensimon et
al. 1989; Lagarde and Batejat 1994; Saletu et al. 1986). The
results of Bensimon et al. (1989), where healthy subjects
displayed positive effects of modafinil after a single night of
sleep loss with low workload, are encouraging but cannot be
extended to include more extreme workload conditions.
Lagarde and Batejat’s (1994) study, where 200mg of
modafinil was administered to eight subjects three times a
day in a 60 hour sleep loss experiment is more conclusive.
Performance on a variety of cognitive tasks was maintained
by modafinil, compared to placebo controls, for =~44 h;
thereafter performance declined to placebo levels. In their
study, however, modafinil was not compared to other
stimulants, performance was measured only intermittenly
(i.e. every 6h), and the subjects were not stressed with a
continous workload.

The purpose of the present paper was to investigate the
maintenance and recuperative effects of modafinil against
d-amphetamine and placebo in a sleep loss experiment that
required continuous cognitive work. The research paradigm
was similar to those performed previously at the DCIEM
laboratory where a large battery of cognitive tasks required
the subjects to work continuously for 64h without rest
(except for a 15 minute break every 2h). A drug treatment
was administered after 17.5 h of wakefulness at 23.30 hours
of the first night without sleep—at the circadian
acrophase — to determine if modafinil and amphetamine vs.
placebo would counteract the expected decline in cognitive
performance. In order to investigate the recuperative effects
of modafinil and amphetamine, a second drug treatment was
given 30 h later at the circadian nadir of the second night
without sleep (i.e. at 05.30 hours after 47.5 h of wakefulness)
when cognitive performance for all three drug conditions
should be at its lowest. Finally, a third drug treatment was
given at 15.30 hours (10 h later) to investigate the effect of
modafinil and amphetamine on recovery sleep—the results
of this manipulation are reported in a companion paper.

Doses of 20mg of d-amphetamine and 300mg of
modafinil were chosen to maximize the likelihood of
observing an effect using the present experimental
paradigm. Newhouse er al. (1989) found that 20mg of
d-amphetamine had a maximal effect on tonic arousal and
cognitive performance for as long as 12h after drug
administration whereas 10 mg had a measurably smaller
effect which disappeared more rapidly. For similar reasons,
300mg was chosen for the modafinil dose (instead of
200 mg, see Lagarde and Batejat 1994).
















































