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Modafinil affects mood, but not cognitive function, in healthy
young volunteers
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Modafinil is a selective wakefulness-promoting agent with beneficial effects in narcolepsy and conditions of sleep deprivation.
In a double-blind study we examined its effects in 30 healthy, non sleep-deprived students (19 men and 11 women, aged 19—
23 years), who were randomly allocated to placebo, 100 or 200 mg modafinil and 3 h later completed 100 mm visual analogue
scales relating to mood and bodily symptoms, before and after an extensive battery of cognitive tests (pen and paper and
CANTAB). There were no significant differences between the three treatment groups on any of the cognitive tests used in
this study. There was a significant post-treatment change in the factor measuring ‘somatic anxiety’ and in individual ratings of
‘shaking’, ‘palpitations’, ‘dizziness’, ‘restlessness’, ‘muscular tension’, ‘physical tiredness’ and ‘irritability’, which was
mainly due to significantly higher ratings of somatic anxiety in the 100 mg group compared with the other two groups. Further
changes in mood were revealed after the stress of cognitive testing, with the 100 mg group showing greater increases in the
‘psychological anxiety’ and the ‘aggressive mood’ factors (as measured from the Bond and Lader scales). Copyright © 2002

John Wiley & Sons, Ltd.
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INTRODUCTION

Modafinil (diphenylmethyl-sulfinyl-2 acetamide) is a
relatively new wake promoting agent, which is
licensed in the UK for the treatment of narcolepsy.
Other clinical conditions in which modafinil has been
shown to have beneficial effects include obstructive
sleep apnoea (Pack et al., 2001), attention deficit
hyperactivity disorder (Taylor and Russo, 2000; Rugino
and Copley, 2001), multiple sclerosis (Rammohan
et al., 2002) and Parkinson’s disease (Happe et al.,
2001; Nieves and Lang, 2002). Peak plasma levels
are reached 2—4 h after dosing and the half-life ranges
from 10 to 15h (Moachon et al., 1996). Modafinil does
not appear to have the cardiovascular side effects
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observed with central nervous system stimulants or
addictive properties (Guilleminault and Pelayo,
2000). The most common side effect is headache.

In addition to its clinical indications, modafinil
appears to have beneficial effects on cognitive perfor-
mance and mood in conditions involving sleep depri-
vation (SD), with Pigeau et al. (1995) reporting
modafinil to be as effective as amphetamine in main-
taining these during the first night without sleep. An
early study in healthy volunteers who underwent
two 36 h SD periods reported clear antagonism by a
single dose of modafinil (200 mg) of the impairments
displayed in critical flicker fusion (CFF) frequency,
choice reaction time and short-term memory tasks
(Bensimon et al., 1991). Subsequently, Lagarde and
Batejat (1995) found that a repeated dose of modafinil
(200 mg taken three times a day) during a longer per-
iod of SD (60 h) maintained performance on a battery
of neuropsychological tests at a level similar to that
observed during control trials without SD. Stivalet
et al. (1998) also found that modafinil prevented a
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decrease in performance on tests of attention whilst
Caldwell et al. (2000) reported that modafinil maintai-
ned simulated flight performance and self-reported
vigour at or near baseline levels. Modafinil also atte-
nuated subjective fatigue (Caldwell et al., 2000).
Lastly, modafinil 200 and 400 mg was shown to be
comparable to 600 mg caffeine in maintaining perfor-
mance and alertness in healthy young adults following
sleep loss (Wesensten et al., 2002).

Although modafinil is effective in controlling
excessive daytime sleepiness (EDS), promoting alert-
ness and maintaining cognitive performance in a
range of disorders and in sleep-deprived volunteers,
there has been minimal research on its effects in indi-
viduals who are not sleep-deprived. In addition,
despite mood being an important aspect of evaluating
the addictive properties of psychoactive drugs, formal
assessment of the effects of modafinil on mood has so
far been relatively ignored. This may have been due to
over-attention to the effects of the drug on EDS. We
therefore examined the effects of a single dose of
modafinil on mood and cognitive performance in
healthy student volunteers. Mood was assessed before
the start of testing and at the end because previous stu-
dies have found these cognitive tests to be stressful, as
indicated by increased ratings of somatic and psycho-
logical anxiety and aggression (File et al., 2001a;
2002a,b; Fluck et al., 2002). A parallel-groups design
was adopted because this has previously been shown
to be more sensitive to drug-induced memory impair-
ments than a repeated-measures design (File, 1992a).
This is mainly due to the very low variability in the
students’ scores, both within and between years (File
et al., 2001a,b; 2002a). The former type of study
design was also found to be sensitive to the cogni-
tive-enhancing effects of glycine (File et al., 1999a).
In addition, there are some major practice effects with
many aspects of the CANTAB battery and a parallel-
groups design avoids these.

The battery of cognitive tests was selected to assess
memory, attention, mental flexibility, planning, verbal
fluency (letter and category) and constructional abil-
ity. The pen and paper tests have been widely used
(Spreen and Strauss, 1998) and proved sensitive to
the effects of methamphetamine (Simon er al.,
2000), carbamazepine and phenytoin (Meador et al.,
1991), guanfacine and dextroamphetamine (Taylor
and Russo, 2001), tibolone (Fluck ez al., 2002) and a
high soya diet (File et al., 2001b). The computerised
battery (CANTAB) has been extensively validated
(Sahakian et al., 1990; Owen et al., 1992; Robbins
et al., 1994; Owen et al., 1995; Beats et al., 1996)
and proved sensitive to the effects of methylphenidate
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(Elliott et al., 1997), diazepam (Coull et al., 1995a,b;
Robbins et al., 1997), clonidine (Coull et al., 1995a,
b), sulpiride (Mehta et al., 1999), as well as scopola-
mine (Robbins et al., 1997).

METHODS AND MATERIALS
Subjects

Thirty healthy student volunteers (19 men and 11
women) were recruited from King’s College London.
All subjects gave written informed consent. They
were recruited by a fellow student (KP) and no pres-
sure was exerted on them to take part. The study was
approved by Guy’s Hospital Research Ethics Commit-
tee. Exclusion criteria included any history of psy-
chiatric, neurological, or cardiovascular illness, use
of psychoactive medication, colour-blindness (as
assessed by the Ishihara cards [Ishihara, 1998]), preg-
nancy (all women were required to take a pregnancy
test before being given the tablets), any major sight,
hearing or movement problems, and a marked foreign
accent. In addition, subjects were excluded if they had
an Epworth sleepiness scale (ESS) (Johns, 1991) score
greater than 10, a hospital depression and anxiety
scale (HADS) (Zigmond and Snaith, 1983) score
>8, a restless legs syndrome rating scale (RLSRS)
(Walters et al., 2001) score greater than 10, more than
two positive replies on the CAGE alcoholism ques-
tionnaire (Ewing, 1984), and also if they consumed
more than 8 cups of coffee (or >900 mg caffeine)
per day or if they were regular recreational drug users.
Only two subjects (one in each of the modafinil
groups) smoked and they were not asked to abstain
before testing. An estimate of premorbid verbal IQ
was obtained by use of the national adult reading test
(NART) (Nelson and Willison, 1991). Subjects were
asked to abstain from alcohol and caffeine intake for
12h and 3 h respectively before the test session.

Drug

On the day of the cognitive testing subjects received
modafinil (100 or 200mg) (Cephalon Inc, West
Chester, PA, USA) or placebo, in two unmarked cap-
sules, each of which contained lactose or 100 mg
modafinil (formulated by St Thomas’ Hospital Phar-
macy). Because peak plasma concentration of moda-
finil is reached 2—4 h after ingestion (Moachon et al.,
1996), cognitive testing was started 3 h after ingestion
of the drug. The drug was administered in the morning
so that the volunteers remained on campus between
the time of administration and time of testing.

Hum Psychopharmacol Clin Exp 2003; 18: 163-173.



MODAFINIL AFFECTS MOOD

Visual analogue scales (VAS)

Prior to cognitive testing, subjects completed 100 mm
analogue rating scales for mood (Bond and Lader,
1974), aggression (Bond and Lader, 1986) and bodily
symptoms (Tyrer, 1976). Subjects were instructed to
mark with a vertical line the point on each individual
scale that corresponded best with how they were feel-
ing at that time. Administration of all rating scales
was repeated at the end of the test session, approxi-
mately 1% h later.

Sleepiness and fatigue rating scales

As part of the screening procedure, subjects com-
pleted the Epworth sleepiness scale (ESS) (Johns,
1991), a self-administered questionnaire that mea-
sures sleep propensity or the probability of falling
asleep under certain circumstances. The subjects were
asked to rate on a scale of 0 to 3 how likely they were
to doze off or fall asleep in each of eight different
daily situations. All subjects also completed the 11
item fatigue questionnaire developed by Chalder
et al. (1993), which is a self-rating scale used to mea-
sure the severity of fatigue. It consists of 11 items and
the subjects were asked to rate how they had felt over
the last month and compare themselves to how they
had felt before this time period. This was then scored
according to whether there had been an increase or
decrease in symptoms.

Cognitive tests

All testing was carried out in the afternoon. A number
of different tests was used in this study, with some
being administered on a touch-sensitive portable com-
puter screen and others by hand, using pre-designed
test sheets. To ensure minimisation of order effects,
such as practice and fatigue, tasks were administered
in a counterbalanced order across subjects, except for
motor screening, which was always first in the battery
of cognitive tests and rapid visual information proces-
sing, which was always last.

Computerised tests

These were taken from the Cambridge Neuropsy-
chological Test Automated Battery (CANTAB)
(Cambridge Cognition, Cambridge, UK).

Motor screening (MOT)

This initial test was used to relax the subjects and to
practise them in the use of the touch-sensitive screen.
The scores on this test were not analysed.

Copyright © 2002 John Wiley & Sons, Ltd.
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Delayed matching to sample (DMTS) is a test of
visual episodic memory based on the delayed
matching to sample paradigm used extensively in
primate research (Sahakian and Owen, 1992). The
subjects were required to identify the pattern that they
had seen previously from four patterns presented on
the computer screen. The patterns were presented at
delays of 0, 4 and 12 s. The percent correct and latency
to correct responses (in ms) were measured.

Intra/extra dimensional set shift (IED) is best known
in the form of the Wisconsin card-sorting test and
measures mental flexibility by the ability to reverse
rules and learn new rules. This task is described in
detail elsewhere (Owen et al., 1991). Initially subjects
were required to learn simple discrimination (i.e.
which of two shapes was correct), then simple reversal
(i.e. the previously incorrect shape became correct),
then attend to new exemplars within the same
dimension, the shape (the intra-dimensional shift) and
lastly switch attention to the previously irrelevant
dimension, the line (the extra-dimensional shift).
Stages completed and number of errors were measured.

Stockings of Cambridge (SOC) 1is a spatial planning
task based on the ‘Tower of London’ test (Shallice,
1982) and is described in detail by Owen et al. (1990).
Subjects had to move coloured balls on the bottom
half of the computer screen to match an arrangement
displayed on the top half of the screen. Initial and
subsequent thinking time (in ms), as well as number of
problems solved in minimum moves was scored.

Rapid visual information processing (RVP) is a test of
vigilance (sustained attention) with a small working
memory component. The test was adapted by
Sahakian et al. (1989) from that of Wesnes and
Warburton (1984). Subjects had to detect consecutive
sequences of digits that appeared on the computer
screen and register responses by pressing a pad when
the last digit of a target sequence was displayed. The
primary outcome measures were: target sensitivity
(A), response bias (B”), total false alarms, total
misses, and latency to correct detections (in ms).

Pen and paper tests

Logical memory (subtest of the Wechsler memory
scale-revised; Wechsler, 1987) is a widely used test
of verbal memory. Subjects were asked to recall a
short story immediately after they had heard it and
approximately 20min later. The total number of
‘units’ recalled at immediate and then again at delayed
recall was recorded.

Hum Psychopharmacol Clin Exp 2003; 18: 163-173.
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The Stroop test (Stroop, 1935) measures the ability
to shift perceptual set ‘to conform to changing
demands and suppress a habitual response in favour
of an unusual one’ (Spreen and Strauss, 1998). This
study used the Victoria version of the Stroop (Regard,
1981). Essentially, subjects were required to name the
colour that a word was printed in rather than reading
the colour word itself. Primary outcome measures
were: time to complete (in s) and total errors for each
card, and Stroop interference (calculated as ratio
index of the amount of time required for the ‘Colours’
card versus the ‘Dots’ card).

Trail making test (A&B) (Partington and Leiter,
1949)—these are tests of speed of attention, sequen-
cing, mental flexibility, and of visual search and motor
function (Spreen and Strauss, 1998). The subjects had
to connect, by making pencil lines, 25 encircled num-
bers randomly arranged on a page, in proper order
(Part A) and 25 encircled numbers and letters in alter-
nating order (Part B). The times to complete Part A
and Part B were recorded (in s).

Controlled oral word association test (COWAT)
evaluates the spontaneous production of words within
a limited period of time (Spreen and Strauss, 1998).
For ‘letter fluency’, the letters used were ‘F’, ‘A’ and
‘S’. For ‘category fluency’, the categories were ‘house
animals’, ‘jungle animals’ and ‘farm animals’. The
sums of all admissible words for the three letters
and the three animal categories were recorded.

Clock drawing is a test of visuospatial and con-
structional ability (Spreen and Strauss, 1998). The
subjects were asked to draw the face of a clock with
all the numbers on it and after this, were instructed to
draw the hands pointing at 20 to 4. Primary outcome
measures were: drawing score (1-10) and time taken
to complete the task (in s).

D. C. RANDALL ET AL.

Statistical analysis

Two-way repeated measures multivariate analyses of
variance (MANOVA) were used to analyse the factors
of ‘somatic anxiety’ and ‘aggressive mood’, with the
between-group factor being drug treatment and the
repeated measure being time/stress. The use of MAN-
OVA permits analysis of drug effects whilst control-
ling for inter-correlations among measures, thus
reducing the risk of false-positives from a series of
univariate analyses. Because both the MANOVAs
showed significant drug effects, these were then fol-
lowed by two-way repeated measures analyses of var-
iance (ANOVA). The factors of ‘psychological
anxiety’, ‘well-being’ and ‘alertness’ extracted from
the Bond and Lader mood scale (1974) were analysed
by two-way repeated measures ANOVA. The scores
from the cognitive tests were analysed with one-way
ANOVAs, except for Stroop total errors (“Words’ and
‘Colours’), Clock Drawing score, DMTS percent cor-
rect simultaneous, IED stages completed, total errors,
and total errors adjusted, RVP B” and total false
alarms, and SOC initial thinking time for 2, 3 and 5
move problems, which were not normally distributed,
as indicated by the Kolmogorov—Smirnov test. These
data were therefore analysed by the non-parametric
Kruskal-Wallis test.

All data were analysed using Statistical Package for
the Social Sciences (SPSS Inc, Chicago, IL, USA),
version 10.0 for Windows.

RESULTS
Group characteristics

The three groups did not differ significantly in age, 1Q,
sleepiness, fatigue, anxiety or depression (Table 1).
The 200mg group had a slightly higher caffeine
intake, but the group differences in this measure did
not reach significance (F(2,27y=1.5, p>0.1). The

Table 1. General characteristics of the three treatment groups. Values shown are mean = SEM

Placebo 100 mg 200 mg Foor/ X%z) p
Age (years) 20.7+04 20.3+0.2 20.7+0.3 0.9¥ NS
HAD, (anxiety) 35405 3.5+07 3.64+0.7 0.0 NS
HADp, (depression) 1.6 £0.3 1.44+0.5 1.44+0.3 0.3% NS
NART verbal 1IQ 116.6 £0.9 1149+14 113.7+2.0 0.9 NS
Epworth sleepiness 55+£09 55+£09 55+09 0.0 NS
11 item fatigue 121+1.1 11.6+1.1 10.5+1.0 0.7 NS
Daily caffeine (units) 2.5+0.5 1.7£04 3.0£0.6 1.5 NS
Weekly alcohol (units) 75+24 12.6+3.6 11.0£2.6 0.8 NS

KKruskal-Wallis. NS, not significant.

Copyright © 2002 John Wiley & Sons, Ltd.
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Figure 1. Mean+SEM scores on self-ratings of ‘shaking’,

‘palpitations’, and ‘dizziness’, before and after the stress of
cognitive testing
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100 mg group had a slightly higher alcohol intake, but
again the group differences did not reach significance
(F(zv 27) = 08, P > Ol)

Mood ratings

All of the items from the bodily symptoms scale were
entered into a factor of ‘somatic anxiety’. There was a
significant change associated with drug treatment in
this (MANOVA, F(]g,g,g) = 22, p< 002), which was
due to higher ratings of anxiety in the 100 mg group
(Figure 1). Several individual ratings of bodily symp-
toms also showed significant changes associated with
drug treatment (Table 2). These were: ‘shaking’
(F(zy 27) = 121, p< 00005), ‘palpitations’ (F(2, 27) =
9.8, p<0.005), ‘dizziness’ (F(2,27)="7.8, p <0.005),
‘restlessness’  (F(2,27)=06.7, p<0.005), ‘muscular
tension’ (F(2, 27y=35.7, p <0.01), ‘physical tiredness’
(F(z’ 27) = 48, p< 005) and ‘lrrltablhty’ (F(z’ 27) =
4.1, p <0.05). In all cases, post hoc tests (Bonferroni)
showed the 100 mg group to differ significantly from
placebo (p < 0.05). In addition, post hoc tests showed
the 100 mg group to also differ significantly from the
200 mg group on individual ratings of ‘shaking’, ‘pal-
pitations’ and ‘dizziness’ (p < 0.05). The rating of the
individual item ‘anxiety’ showed a significant change
after the stress of cognitive testing (stress x treatment
interaction, F »7,= 6.8, p <0.005). This was due to
subjects in the 100mg group rating themselves as
more anxious than did subjects in the placebo group
at the end of the testing session, although this just
missed significance on a post hoc test (p =0.07).
Further mood differences between the groups were
revealed after the stress of cognitive testing. All of the
items from the aggressive mood scale were entered in

Table 2. Scores on ratings of bodily symptoms that showed significant effects of drug treatment and scores on the factors of ‘alertness’ and
‘well-being’ extracted from the Bond and Lader mood rating scales, before and after the stress of cognitive testing. Values shown are

mean + SEM for each treatment group

Placebo 100 mg 200 mg
Before After Before After Before After

Restlessness 15.1+6.3 10.1+£5.5 352473 48.349.8% 26.1+5.8 21.9+5.8
Muscular tension 44+22 79+5.2 28.6+8.3° 36.9+8.4° 255+7.7 21.5+6.9
Physical tiredness 23.1+59 11.9+5.8 45.4+7.2° 495+93° 27.6+7.6 33.1+38.1
Trritability 10.6 £5.6 9.0+5.0 20.8+5.8° 43.6+10.7° 147+5.7 199+64
Factor 1¢ 41.5+3.2 40.5+44 38.1+4.2 3544+6.0 44.8+2.8 38.4+42
(alertness)

Factor 2° 48.5+3.2 50.0+3.9 46.2+3.1 40.1+5.1 48.8+4.0 42.5+3.8

(well-being)

p <0.005 compared with the placebo group.
p <0.05 compared with the placebo group.
NS, not significant.

Copyright © 2002 John Wiley & Sons, Ltd.
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Figure 2. Mean=+ SEM scores on self-ratings of ‘aggressive’,
‘furious’, and ‘spiteful’, before and after the stress of cognitive
testing

one factor, and this overall factor of ‘aggressive
mood’ showed a significant stress x treatment interac-
tion (MANOVA, F 6 40)=2.0, p <0.05). For three of
the individual items (‘cool-headed—aggressive’,
‘calm—furious’, and ‘benevolent—spiteful’) there were
significant stress x treatment interactions (F(z, 27)=
6.4, p< 001, F(2’27) :41, p< 005, F(2’27) = 38,
p < 0.05 respectively). It can be seen in Figure 2 that
the 100mg group rated themselves as feeling more
aggressive, furious and spiteful than did the other
two groups after completing the battery of cognitive
tests, whereas the 200 mg group felt more spiteful at
the start of testing. However, on post hoc tests there
were no significant differences between individual
groups (p >0.2).

Following factor analysis, Bond and Lader (1974)
isolated three independent factors from their mood
rating scale. On the ‘psychological anxiety’ factor
there was a significant stress X treatment interaction

Copyright © 2002 John Wiley & Sons, Ltd.
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(Fa.27y=5.7, p<0.01), with subjects in the 100 mg
group rating themselves as more anxious after the
stress of cognitive testing than did subjects in the pla-
cebo and 200 mg groups. The subjects in the 200 mg
group, on the other hand, differed from the other two
groups in their pre-test ratings of ‘psychological anxi-
ety’ (Figure 3). However, on post hoc tests there were
no significant differences between individual groups
(p > 0.5). There were no treatment-associated changes
in the factors measuring ‘alertness’ (F( 27)=0.8,
p> 04) or ‘Well—being’ (F(2,27) = 18, p> 01)
(Table 2).

Cognitive tests

There were no significant effects of modafinil on the
performance of any of the cognitive tests (Tables 3
and 4).

DISCUSSION

We did not find any evidence for improved cognitive
performance after administration of modafinil (100 or
200mg) in healthy students who were not sleep-
deprived. This is in agreement with previous studies
in which no improvements were found under normal
conditions, without sleep deprivation (Lagarde and
Batejat, 1995; Stivalet ef al., 1998), whereas modafinil
was able to reduce the deficits that resulted from SD
(Lagarde and Batejat, 1995; Pigeau et al., 1995; Stiva-
let et al., 1998; Brun et al., 1998; Baranski et al.,
1998; Wesensten et al., 2002). We think it unlikely
that our negative findings are due to a selection of
inappropriate tests. We used a wide range of standar-
dised tests that have proved sensitive to the effects of
other psychoactive drugs, such as methylphenidate
(Elliott et al., 1997), diazepam (Coull et al., 1995a,b;
Robbins ez al., 1997), clonidine (Coull et al., 1995a,b),
metamphetamine (Simon et al., 2000), sulpiride
(Mehta et al., 1999), as well as scopolamine (Robbins

Hum Psychopharmacol Clin Exp 2003; 18: 163-173.
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Table 3. Scores on the CANTAB tests for each treatment group. Values shown are mean &= SEM
Placebo 100 mg 200 mg F@.07) /X(zz) p
DMTS
% Correct—all delays 85.8+3.1 87.5+1.8 87.0+2.8 0.1 NS
% Correct—simultaneous 100.0 98.8+1.3 99.14+0.9 1.3¥ NS
Mean correct latency—all (ms) 3163.8+£279.4 3038.1 +£351.1 2950.8 £223.6 0.2 NS
Mean correct latency —simultaneous 2478.2+143.0 2646.4+314.4 2466.2 £189.2 0.2 NS
IED
Stages completed 8.8+0.2 8.8+0.3 8.8+0.2 0.1¥ NS
Total errors 12.8+2.7 125+24 16.3+34 0.2% NS
Total errors—adjusted 15.1£4.9 15.6£5.5 18.5+5.04 0.2% NS
EDS errors 48+24 5.1+2.8 9.4+3.03 0.9 NS
Pre-ED errors 6.8+£0.8 59+04 59+0.7 0.6 NS
SoC
Initial thinking time (ms)
—2 moves 2177.9+184.8 1547.6 +298.7 1889.1 £213.8 22K NS
—3 moves 4694.4+719.5 2690.4+510.5 4015.6 +633.3 4.8 NS
—4 moves 8920.0+1079.4 11217.1 +2220.1 10332.8 +-2040.0 0.4 NS
—5 moves 11962.1 +1773.5 12698.8 +-2937.7 23517.1 £7457.0 33K NS
Subsequent thinking time (ms)
—2 moves 107.8 £69.2 174.9 £96.6 46.6 £20.6 0.9 NS
—3 moves 454.7+198.5 115.8+97.6 88.1+31.2 2.4 NS
—4 moves 1405.5 £ 558.5 657.0+178.6 704.4 £229.0 1.2 NS
—5 moves 735.2+151.2 567.1+146.2 3747+ 155.4 1.5 NS
Problems solved in minimum moves 9.0+0.7 9.64+0.7 10.3+0.6 1.1 NS
RVP
A 0.9+0.0 0.9+0.0 0.9+0.0 0.7 NS
B’ 1400 1400 0.8+£0.2 0.1% NS
Total false alarms 0.9+0.5 0.4+0.2 0.4+0.2 0.4% NS
Total misses 6.3+£1.0 6.5+1.1 5+1.1 0.6 NS
Latency correct detections (ms) 393.7+39.5 3943498 420.6 +28.6 0.3 NS

KKruskal-Wallis. NS, not significant.

et al., 1997), tibolone (Fluck et al., 2002) and a high
soya diet (File et al., 2001b).

We also think it unlikely that our use of a parallel-
groups design was a major factor in our finding no
effects on cognition. This is because there was a small
variability in scores resulting from a uniform student
population. Similar designs, using similar group sizes,
have previously shown significant effects of loraze-
pam (File et al., 1992; File, 1992a,b; Fluck et al.,
1998), temazepam (Joyce and File, 1995) and glycine
(File et al., 1999a). One of our reasons for not using a
crossover design is the fairly marked practice effects
in some of these tests. In particular, the extra-
dimensional shift of the IED test cannot be used on
more than one occasion. We think it unlikely that
modafinil effects would have been detected if we
had practised all subjects to asymptote, as the higher
the level of performance the harder it is to observe
drug-induced improvements. We tested all our sub-
jects in the afternoon and it is possible that a post-
prandial dip slightly impaired their performance.
However, this was insufficient to see any true effects
and perhaps modafinil’s effects are more evident

Copyright © 2002 John Wiley & Sons, Ltd.

under conditions of greater cognitive impairment (File
et al., 1999a; Fluck et al., 2001).

However, although cognitive performance did not
change, it is clear that treatment with modafinil was
associated with significant changes during these tests
in the mood of our volunteers. In particular, subjects
in the 100mg group scored significantly higher on
ratings of ‘somatic anxiety’ and, after stress, showed
increases on ratings of ‘psychological anxiety’ and
‘aggressive mood’. The clinical significance of our
findings is uncertain but similar results have been
obtained in two other studies. Broughton et al
(1997) have also reported that modafinil (400 mg)
increased profile of mood states (POMS) ratings of
‘tension—anxiety’ in narcoleptic patients compared
with the placebo level, although they found no change
in ‘anger—hostility’. This may be because they did not
test under conditions of stress, which seemed to be
necessary to reveal the changes in aggressive mood.
Caldwell et al. (2000) have reported subjective
adverse events such as increased nausea, vertigo, ner-
vousness, dizziness, heartburn and headache follow-
ing three doses of 200 mg modafinil in their sleep
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Table 4. Scores on the pen and paper tests for each treatment group. Values shown are mean + SEM

Placebo 100 mg 200 mg Foan / X(Zz) P

Logical memory
Total no. ‘units’—immediate recall 154+0.8 16.6£1.7 16.5+0.9 0.4 NS
Total no. ‘units’—delayed recall 16.5+2.6 15.8+1.5 16.2+1.0 0.4 NS
Stroop
Time to complete (s)

—Dots 10.5+0.4 11.8+£0.8 11.1£0.8 0.7 NS

—Words 12.8+£0.7 145+1.6 13.6+£1.0 0.6 NS

—Colours 19.1+£1.2 21.0+£2.1 21.7+£19 0.7 NS
Total errors

—Dots 0.0 0.0 0.0 —

—Words 0.0 0.1+0.1 0.0 2.8% NS

—Colours 02+0.2 0.6£0.3 03+0.2 22K NS
Interference (Colours/Dots) 1.8£0.1 1.8+£0.1 2.0+£0.1 0.6 NS
Trail making test
Time to complete part A (s) 263+£22 233+23 28.1+4.4 0.5 NS
Time to complete part B (s) 51.2+4.0 499+4.7 63.6+7.6 1.7 NS
COWAT
Total no. words—Iletter fluency 47.6+3.0 50.0+3.9 44.7+3.8 0.5 NS
Total no. words—category fluency 229+1.3 224+0.8 22.8+0.7 0.1 NS
Clock drawing
Drawing score 8.8+£0.5 94+04 8.9+0.6 0.8¥ NS
Time to complete (s) 29.1£2.5 254+34 263+19 0.6 NS

KKruskal-Wallis. NS, not significant.

deprivation study and Broughton et al. (1997) found a
greater incidence of nausea and nervousness in narco-
leptic patients after chronic treatment with 400 mg
modafinil. Thus, our subjective effects are generally
in agreement with those previously reported, although
we found them after a lower dose.

Modafinil’s action in promoting wakefulness
appears to be due to its ability to reduce the GABA-
ergic inhibitory output of the ventrolateral preoptic
nucleus. In this way the arousal mechanisms, includ-
ing orexin-releasing neurons and the histaminergic
projections to the cerebral cortex from the tubero-
mammillary nucleus, are activated (Scammell et al.,
2000). This mechanism may also underlie the increase
in anxiety that we have observed, but other actions,
either alone, or together, could be responsible. Ferraro
et al. (1996; 1999) found that modafinil decreased
GABA concentrations and increased glutamate con-
centrations in the medial preoptic area and the poster-
ior hypothalamus. If modafinil produces similar
changes in GABA and glutamate in the dorsomedial
hypothalamus, this could well explain the modafinil-
induced increases in anxiety that we observed after
stress. This nucleus has been shown to be important
for mediating the response to benzodiazepines in an
animal model of anxiety (File et al., 1999b). Further-
more, injection of GABA 4 receptor agonists into this
region in rats decreased anxiety, heart rate and blood
pressure, whereas injection of GABA, receptor
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antagonists or excitatory amino acids produced the
opposite changes (Shekhar and Katner, 1995; Soltis
and DiMicco, 1991a,b).

EEG power spectral analysis (Sebban et al., 1999)
and functional MRI (Ellis et al., 1999) have shown
that modafinil modifies activity in the hippocampus
and frontal cortex, areas that play important roles in
anxiety, cognition and alertness. It is thought that reci-
procal neural circuits linking the medial prefrontal
cortex, amygdala and hypothalamus play a major role
in anxiety and stress responding (LeDoux, 1992).
Modafinil has been shown to increase 5-HT release
from frontal cortex and amygdala (Ferraro et al.,
2000; 2002) and increased 5-HT release in terminal
areas is associated with increases in anxiety (File
et al., 2000; Gonzalez et al., 1996; Cheeta et al.,
2000).

The increases in anxiety were not seen with the
higher dose of modafinil, which suggests that there
must be another pharmacological action that is coun-
teracting those underlying the anxiogenic effects. One
possibility is the increased 5-HT release in the dorsal
raphé nucleus (Ferraro et al., 2002). Increased 5-HT
release in the dorsal raphé nucleus would act on the
5-HT, 5 autoreceptors, which would in turn decrease
the firing rate and result in a decreased 5-HT release
in the terminal areas. Direct stimulation of the 5-HT 5
autoreceptors in the dorsal raphé nucleus has anxioly-
tic effects (Higgins et al., 1992; Hogg et al., 1994; File
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and Gonzalez, 1996) as does indirect activation by
nicotine via increased 5-HT release in this area
(Cheeta et al., 2001). Ferraro et al. (2002) have found
that there are regional differences in the sensitivity of
the 5-HT system to modafinil and thus it is possible
that at higher doses, release in some brain regions is
acting to counteract the anxiogenic effects of
increased 5-HT release in other areas.

In summary, this study found that a single dose of
modafinil had no effect on cognitive performance in
healthy young volunteers who were not sleep-
deprived but 100 mg was associated with significantly
higher subjective ‘somatic anxiety’. Thus, in this
population, modafinil’s effects on mood, particularly
those relating to somatic anxiety, are greater than its
effects on cognition.
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