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Summary — Modafinil, a new psychostimulant, was evaluated in eight healthy volunteers subjected to 60 hours of sleep deprivation.

During continued wakefulness, vigilance was evaluated by self-assessment questionnaires, analogue visual scales, multiple sleep

latency tests (MSLT), sleep logs, and continuous ambulatory electroencephalographic recordings (EEG). Modafinil (200 mg) or a

placebo was given every 8 hours for three days; the sessions were separated by a 15 day wash out period. Results indicated a

satisfactory level of vigilance, both subjective and objective, after the administration of modafinil, characterised by the quasitotal

absence of microsleep episodes which gradually occurred under placebo conditions. The confirmed wakening potency of modafinil

makes this substance suitable for therapeutic use in patients with sleep disorders such as Gelineau’s syndrome and hypersomnia.
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INTRODUCTION

For approximately fifteen years, a new family of

molecules called “eugregoric” (from the Greek eu:

good, gregor: wakefulness), introducedby Bastuji

and Jouvet (1988), have been synthesised in the L

Lafon laboratory. Their principal pharmacological

property is a wakening effect, moderate in the case

of adrafinil (Olmifon®, Lafon) (Milhaud and

Klein, 1985), and potent in the case of modafinil

(Modiodal®, Lafon) (Duteil et al, 1990; Lagarde

and Milhaud, 1990; Hermantetal, 1991; Lagarde,

1990). Modafinil has been evaluatedforits waken-

ing potency in animals (Lagarde, 1990; Duteil et

al, 1990; Lagarde and Milhaud, 1990), achieving a

continuous wakefulness for 96 hours without any

behavioural disorders, and also in healthy volun-

teers participating in a moderate sleep deprivation

experiment (Benoit et al, 1987; Puech and Bensi-

mon, 1988; Bensimonet al, 1991). In addition to

good quality wakefulness, ‘psychomotor perfor-

mance was also maintained at doses of 300 and

600 mg daily without any side effects. Considering

this difference, adrafinil is frequently prescribed

for impaired alertness, attention and ideomotor

performance in the elderly (Guyotat, 1987; Laudet

and Perilliat, 1987), while modafinil is intended

more for pathological wakefulness disorders such

as narcolepsy and hypersomnia (Bastuji and Jou-

vet, 1988; Carlander, 1994; Garma et al, 1986).

Since the effects of sleep deprivation are defi-

nitely negative and can cause a significant depreci-

ation in psychomotor performance (Carskadon and

Dement, 1981; Lagarde and Batejat, 1994a;

Lagarde, 1991), we believed it would be worth-

while evaluating the efficiency of modafinil during

a 60-hour sleep deprivation experiment using

healthy volunteers. This paper specifically

addresses vigilance and not the maintenance of

performance which was recently considered by

Lagarde and Batejat (1994b).

METHODS

Subjects

Eight healthy male volunteers participated in this

experiment. Their age ranged from 22 to 31 years old
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Fig 1. Diagram of experimental design duringsleep deprivation period.AVS:Analog Visual Scale; MSLT: Multiple Sleep Latency

Time; Treament: placebo ormodafinil, =
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Table I. Sleep duration in placebo and modafinil situations. Statistical differences between post-treatment nights and pre-treatment

nights; assessed using sleep log (n = 8). *: p <0.05; **:p<0.01 (mean + SDin hours and minutes). —
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Fig 2. Sleep latencies obtained during the 60 hour sleep deprivation in placebo Mi and modafinil 0 situation, by MSLT method.

Observation of the fast decrease of sleep latencies with placebo and the maintenance of a good level of arousal with modafinil.

* p< 0.05; ** p < 0.01; *** p < 0.001.

(p < 0.05). They were also sleepier after 24 hours

of sleep deprivation (p < 0.05) and were moretired

(p < 0.05). Recovery was rapid, on the very first

_ day following termination of sleep deprivation.

Nostatistical difference was observed for the

eleven criteria previously described, between the

usual subjects’ condition and their condition dur-

ing sleep deprivation under modafinil treatment

(table I).

Sleep latency -- -

A detailed analysis of the MSLT during the

60 hours of sleep deprivation was previously

reported (Lagarde and Batejat, 1994a). Briefly, we

observed a significant and gradual decrease in

sleep latencies as sleep deprivation was sustained.

After 48 hours of continuous wakefulness, sleep

latency times were reduced to less than one min-

ute. The MLST administeredat 17.00 hours on the

day following the recovery “night demonstrated a

substantial increase in sleep latency time which

was no longerstatistically different from the

MLST administered underthe control conditions.

- The first MSLT administered in the modafinil

condition did not differ from those administered in

the placebo condition because placebo sleep

latency is not very different from control sleep

latency. Nevertheless, sleep latencies rapidly

becamestatistically different from placebo sleep

latencies (p < 0.05, p < 0.02, and p < 0.01), illus-

trating an increase in vigilance (fig 2).

Microsleep episodes

A comparison of the two experimental conditions

illustrates how the subjects responded differently

to sleep deprivation.

A gradual increase in the number and duration

of microsleep episodes was observed in the pla-

cebo condition from the outset of sleep depriva-

tion. Episodes lasted 1-10 seconds and usually

occurred at the same times.

The modafinil treatment on the other hand, sup-

pressed microsleep episodes during the first

48 hours of sleep deprivation except in one subject

who did exhibit a few brief moments of micro-

sleep. No microsleep episodes were observed dur-
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Fig 3. Numberand duration of microsleeps during the 60 hour sleep deprivation in placebo and modafinil situations. Observation of a

progressive increase of microsleep episodes in duration and frequency less important with modafinil than with placebo.

ing the second night in any of the four subjects

treated with modafinil. During this period all sub-

jects remained in a state of continuous wakeful-

ness. Although, two brief periods of stage 1 sleep

were observed in two of the subjects on the

third day of the experiment at approximately
15.00 hours. We observed some relatively long
microsleep episodes only after 60 hours of sleep
deprivation, ie after 19.00 hours without renewed

administration of modafinil. |

DISCUSSION

This experiment, conducted on eight healthy volun-
teer subjects, was the first to have demonstrated

the efficacy of modafinil during prolonged sleep
deprivation. The behaviour analysis confirmedthat
sleep deprivation in the placebo condition created
a general feeling of weariness, whereas the sub-

jects using modafinil were less anxious and more

dynamic and generally able to maintain their usual

mental state. This effect, which could be qualified

as “happiness”, gave the subjects the ability to tol-

erate sleep deprivation much easier than subjects

treated with a placebo. Studies in animals con-

ducted by Simon et al (1992) demonstrated that

the absence of anxiogenic effects after administra-

tion of modafinil, was contrary to what may be

expected after administration of other psychostim-

ulants such as betacarbolines, GBR, and ampheta-

mines.
The potency of the wakening effect of modafinil

could be objectively assessed by continuous ambu-

latory recording of the subjects’ EEG. The quasi-

total lack of microsleep episodes during modafinil

treatments depicted the quality of wakefulness dur-

ing the sleep deprived period. This was the first

time that the microsleep suppressing effect of

modafinil, during prolonged sleep deprivation, was

demonstrated in man. The wakening potency of
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modafinil has already been shown in animals

(Lagarde, 1990) and in man (Bensimonet al,

1991; Benoit et al, 1987) but for shorter periods of

time (24 or 36 hours). The innocuity of modafinil,

particularly the maintenance of diurnal and noctur-

nal hypovigilance periods has been demonstrated,

both in monkeys (Lagarde and Milhaud, 1990) and

in man (Saletu et al, 1989), and was also con-

firmed by the MSLT.

The MSLTprovided indicationsas to the

effects of gradually diminishing sleep, marked by

a significant reduction of sleep latencies after the

48th hour of total sleep deprivation,the condition

corresponded to a “twilight zone” state of mental-

ity. These effects on sleep latencies have already

been reported in experiments on cumulated partial

sleep deprivation episodes (Carskadon and

Dement, 1981). Recovery of diurnal sleep latency

similar to that of the baseline after one night’s

sleep suggests that one night’s sleep following

60 hours of continuous wakefulness restores vigi-

lance to a near normal level. The effect obtained

after administration of modafinil is predominantly

the maintenance of a higher level of vigilance,

with sleep latencies always longer than those

recorded in the placebo situation. It also proves

that in a conductive environment a subject who

has ingested a dose of modafinil (200 mg)can still

fall asleep within 15 minutes.It is the wakening

(not anti-sleep) effect of modafinil which distin-

guishes this substance from psychostimulants. For

example, many sleep deprivation studies with

similar protocols using the MSLTshowa signifi-

cant increase in sleep latency accompanied by fre-

quent bouts of insomnia after the subjects have

ingested 250 mg caffeine (Walsh et al, 1990;

Zwyghuiszen-Doorenboset al, 1990; Bonnet and

Arand, 1992) or 20 mg of oral d-amphetamine

sulphate (Newhouse etal, 1992), or 10 mg of

methylphenidate and 37.5 mg of pemoline (Bab-

koff et al, 1992).

Analysis of the sleep logs has show that modafi-

nil did not increase the recovery time of the sub-

jects, in fact, it may have shortened it since the

quantitative aspect of sleep was restored on the 5th

night post-treatment, whereas, it remained high at

the same point in time in subjects given the pla-

cebo. However, the sleep rebound observed after

sleep deprivation only occurred on the second

night post-treatment, perhaps due to the persistent

effect of the modafinil molecule which may have

accumulated in the body after several administra-

tions. This hypothesis finds an argument in the

dosage of modafinil and modafinil sulfone, an

active metabolite, in plasma, which seemed to
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have a longerhalf-life. (Douce and Lagarde,

1992). We found an increased blood concentration

of modafinil sulfone, from 0.09 mg/l 3 hours after

the first administration of modafinil to 3.38 mg/l

3 hours after the sixth administration; the blood

concentration of this metabolite remained high

(2.8 mg/l) even 27 hours after the first recovery

night. This could explain the need to sleep on the

second night and notthe first night post-treatment.

The high quality wakefulness obtained after the

administration of modafinil to healthy subjects

exposed to prolonged sleep deprivation, ie the

wakening potencyof this substance, has been dem-

onstrated. This pharmacological substance has

been used for several years, as an experimental

treatment for cases of hypersomnia (Bastuji and

Jouvet, 1988), with more than a 75% successrate

(for review, see Lagarde, 1993). Additionally,it is

used as a therapy for insomnia, to reinforce diurnal

wakefulness (Garma et al, 1986). Moreover,it

should be noted that modafinil seems to have other

pharmacological properties, particularly neuroprot-

ecting properties (Lagarde etal, 1993), and an

anorexigenic effect which has been shown in rat

studies (Nicolaidis and Saint-Hilaire, 1993). The

suspected variety of pharmacological effects sub-

tends a probably pluri-modal mechanism ofaction.

Preliminary studies in the rat have indicated an

indirect potentiating action of adrenergic alpha-1

synapses integrated in a central neuronal loop

capable of stimulating vigilance (Duteil et al,

1990). The neuroprotecting action might involve a

glutamatergic pathway, and the anorexigenic

action a serotononergic pathway. However, for the

time being, the fact that modafinil does not bind

onto specific membranesites restricts research to

an indirect approach.

Studies on the subjective effects of modafinil as

compared to amphetamines and caffeine using the

Addiction Research Center Inventory (ARCI) and

Profile Of Mood State (POMS) (Warotet al, 1992)

yield results which are more suggestive of caffeine

than of an amphetamine. Yet, the spectral EEG

analysis of modafinil using Fast Fourier Transform

(Lagarde et al, 1991) differs from the other psy-

chostimulants such as, caffeine, amphetamine and

tabernanthine, suggesting that modafinil appears to

be an original molecule whose effect on the EEG

spectrum is unique and which diffees from any of

the currently used psychostimulants.

CONCLUSION

A sixty hour sleep deprivation experiment con-

ducted using healthy volunteers demonstrated the
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potency of the wakening effect of modafinil, a new

substance which could be qualified as “eugre-

goric”. This interesting pharmacological property

has already found applications in pathology to

treat Gelineau’s syndrome and hypersomnias, and

will perhaps be used in the near future in other

areas. From a fundamental point of view, modafi-

nil is a valuable pharmacological tool for studies

on the wake-sleep cycle.
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