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Three doses of citalopram (10, 20 and 40 mg), and placebo were administered to healthy volunteers for periods of
8 days each. Dothiepin 75 mg was given as an acute dose on days 1 and 8 only, with placebo dothiepin on days 2±7.
Subjects were tested on days 1 and 8 of the dosing periods on a battery of psychometric tests. The results showed that
citalopram at all doses had no detrimental e�ects on psychomotor performance. The e�ect of citalopram on critical
¯icker fusion (CFF) was to raise thresholds. This indicates an improvement in CNS function, i.e. an elevation of
cognitive processing ability, with no evidence of an arousing or alerting e�ect. The e�ects were apparent after both
acute and sub-chronic dosing. These data are in contrast to those collected for dothiepin, which showed signi®cant
impairment of cognitive and psychomotor function on most of the measures employed. The most frequent adverse
events reported for citalopram were drowsiness, nausea and headache, with the nausea appearing to be dose
dependent. The main adverse events reported for dothiepin were drowsiness, sleepiness and dizziness. The rates of
adverse events for all active treatments were not statistically signi®cantly di�erent to placebo. It is concluded that
citalopram is relatively free from behavioural toxicity and so represents a signi®cant improvement over the older
antidepressant agents such as dothiepin. # 1997 by John Wiley & Sons, Ltd.
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INTRODUCTION

As a class the selective serotonin re-uptake inhib-
itors (SSRIs) are now established as an important
treatment for depression. They have the advantage
of being well tolerated, and there is good evidence
of their e�cacy compared to placebo and the earlier
antidepressants (Itil et al., 1984; Bjerkenstedt et al.,
1985; Song et al., 1993). Citalopram is a potent
and highly selective SSRI. It has virtually no e�ect
on noradrenaline reuptake nor on dopamine,
muscarinic, alpha 1 or 2 receptors (Hyttel, 1984).
This means that the compound has potentially
fewer of the side-e�ects classically associated with
the tricyclic antidepressants (TCAs) (Lader et al.,
1986). This has been supported in clinical studies
(e.g. Baldwin and Johnson, 1995).

A meta-analysis of nine placebo-controlled
studies of citalopram's e�cacy (Montgomery
et al., 1994a) showed that the minimal e�ective
dose was 20 mg. Analysis of patient subgroups
revealed a tendency for those patients su�ering
from severe or recurrent depression to achieve
better results with a higher dose of 40 mg. However,
patients experiencing their ®rst episode of depres-
sion, or with less severe depression, responded well
to the minimally e�ective dose of 20 mg.

In a further meta-analysis, this time of discon-
tinuation rates, Montgomery et al. (1994b) com-
pared SSRIs and TCAs from 42 published
randomized, controlled studies. They measured
discontinuation rates for side-e�ects and lack of
e�cacy. Montgomery and his colleagues found
that signi®cantly fewer patients receiving SSRIs
discontinued treatment because of side-e�ects.
There were similar discontinuation rates for lack
of e�cacy across the two drug groups. This is a�Correspondence to: J. S. Kerr.
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signi®cant and clinically important advantage for
the SSRIs compared to the TCAs. The two drug
groups have similar levels of e�cacy, but there are
more discontinuations with the TCAs. The risk±
bene®t ratio therefore favours the SSRIs.
One of the important side-e�ects of the TCAs

is sedation and the concomitant impairment of
cognitive function. This feature is particularly
salient in depression, where the ability to process
information is already compromised. The present
study was intended to evaluate the cognitive and
psychomotor e�ects of citalopram following a
range of doses, and to compare the e�ects with
those of the widely used and sedating TCA,
dothiepin.

METHODS

Subjects

Thirty volunteers were screened for the study. Five
male and nine female volunteers completed the
study. Their mean age was 29.3 years. Normal
exclusion criteria such as concurrent psychotropic
medication and history of signi®cant physical or
mental illness were applied. Subjects underwent a
full medical examination before and after partici-
pating in the study, and provided written informed
consent. Ethical approval for the study was
obtained from the South West Surrey Area Health
Authority Ethics Committee.

Design

The study was a double-blind, randomized,
placebo-controlled ®ve-way crossover in which
each subject acted as their own control. Medication
was presented in a double-dummy fashion. In
each of ®ve randomly assigned dosing periods of
8 days, subjects attended the centre on days 1 and 8.
During the treatment periods they took the
following medication:

A. citalopram 10 mg once daily for 8 days,
placebo to match dothiepin

B. citalopram 20 mg once daily for 8 days,
placebo to match dothiepin

C. citalopram 40 mg once daily for 8 days,
placebo to match dothiepin

D. dothiepin 75 mg once daily on days 1 and 8
only, with matching placebo on days 2 to 7,
placebo to match citalopram

E. placebo (placebo to match dothiepin, placebo
to match citalopram) once daily for 8 days

Washout periods of at least 6 days were completed
between the dosing periods.

Procedure

After giving informed consent, but before starting
on the study, subjects attended the Unit for a
medical examination and training on the psycho-
metric test battery. Subjects were trained to a
plateau of performance on each of the tests.
Subjects subsequently attended the centre on
days 1 and 8 of each dosing period. After a breath
alcohol screen, they performed baseline assess-
ments on the test battery. The medication was then
administered and the battery repeated at 2, 4, 5 and
8 h post dose. The test battery comprised the
following.

Critical Flicker Fusion (CFF). CFF is a means of
measuring the ability to distinguish discrete sen-
sory data and is taken as an index of overall CNS
activity (Hindmarch, 1975; Hindmarch and Parrott
1978; Hindmarch and Subhan, 1983). The subject
is required to discriminate ¯icker fusion in a set of
four light emitting diodes held in foveal ®xation at
1 m. Individual thresholds are determined by the
psychophysical methods of limits on three ascend-
ing and three descending scales (Woodworth and
Schlosberg, 1958). A lowering of the CFF thresh-
old indicates a disruption of the speed of informa-
tion processing.

Choice Reaction Time (CRT). The CRT task is a
measure of sensorimotor performance (Hind-
march, 1975; Hindmarch and Parrott, 1978).
Subjects were required to extinguish one of six
red lights, illuminated at random, by touching the
appropriate response button. The Leeds Psycho-
motor Tester enabled the recognition (RRT) and
motor (MRT) components to be separated from
the total reaction time (TRT). Twenty such trials
comprised one complete presentation of the task.

Compensatory Tracking Test (CTT). The CTT
o�ers a means to assess divided attention and the
response output mechanisms required for ®ne
motor control (Hindmarch, 1975; Hindmarch
et al., 1983). Subjects are required to keep a
joystick-controlled cursor (an equilateral triangle
with 1-cm sides) in line with a computer-controlled
target (a smaller triangle inverted) moving along
a horizontal axis in the centre of the screen
in a random fashion. They must simultaneously
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respond to visual stimuli (®lled white circles, with
1-cm diameter) presented brie¯y at random in the
four corners of the screen (in peripheral vision,
hence Peripheral Reaction Time). The root mean
square of the tracking error and the reaction times
to the 10 peripheral stimuli are recorded at each
presentation.

Sternberg Memory Scanning Task (STM). This
test measures high speed scanning ability and
retrieval from short-term memory, and is based
upon the reaction time method in memory research
(Sternberg, 1969, 1975). The test is controlled by
a microprocessor which ®rst presents a short
sequence of digits which a subject is required to
memorize. Following this another larger sequence
of digits is presented and the subject must indicate
those which they believe were and were not in the
original list. Response latency and accuracy are
recorded and have consistently been shown to be
useful in detecting drug e�ects (Subhan and
Hindmarch, 1984a,b).

Line Analogue Rating Scale (LARS). Subjective
ratings of drug are e�ect obtained from a set of
100-mm line analogue rating scales (Hindmarch
and Gudgeon, 1980). The mean score of ratings of
`tiredness', `drowsiness' and `alertness' (included
among several distracter scales) is taken as a
measure of perceived sedation.

Milford±Epworth Daytime Sleepiness Scale
(MESS). This scale is a validated variant of the
Epworth Sleepiness Scale (Johns, 1991, 1992;
Fairweather et al., 1995). It uses the line analogue
technique, with a set of 100-mm line scales. It
requires volunteers to rate the likelihood of their
falling asleep in a number of everyday situations:
the total score represents their level of sleepiness
during the day. This test was performed only at the
8-h test point.

Statistical analysis

Three-way repeated measures analyses of variance
(ANOVA) were performed on the psychometric
test data. The factors were: treatment (®ve levels:
citalopram 10 mg, citalopram 20 mg, citalopram
40 mg, dothiepin 75 mg and placebo); day (two
levels: day 1, acute and day 8, repeated doses);
and time (®ve levels: pre-dose, and 2, 4, 5 and 8 h
post-dose). Following the ANOVAs, Newman±
Keuls tests were applied to the data to test for

speci®c e�ects between means. Statistical signi®-
cance was accepted at the level p � 0�05. Analyses
were carried out blind with respect to treatment.
No transformation or other treatment of the data
was required before entering them into the
analyses.

RESULTS

Five male and nine female volunteers completed
the study. Nine of the 30 volunteers who were
screened were withdrawn at screening (i.e. before
receiving any study medication) due to exclusion
criteria. A further seven dropped out during the
study: two due to work commitments; one with-
drew consent; three due to adverse events (one
twitching, one dry mouth, headache and drowsi-
ness, and one nausea, vomiting and drowsiness).
One subject withdrew due to a serious adverse
event, described as a `®t'.

The ANOVA on the CFFT data yielded signi®-
cant main e�ects of drug treatment (F�4; 52� �
20�41, p < 0�000001) and time of testing (F�4; 52�
� 4�81, p < 0�01) (see Figure 1a and b). There
were also signi®cant interactions between treat-
ment and time (F�16; 208� � 4�68, p < 0�000001)
and between treatment, day and time (F�16; 208�
� 3�24, p � 0�00005). Post-hoc tests ( p < 0�05)
and inspection of the data showed that, com-
pared to placebo, dothiepin signi®cantly reduced
thresholds indicating an impairment of cognitive
function, and that citalopram (10, 20 and 40 mg)
increased thresholds, indicating an improve-
ment. The treatment� time interaction resulted
from a reduction in CFFT over time caused by
dothiepin and placebo, while citalopram (all
doses) maintained the thresholds. This occurred
to a lesser extent at the sub-chronic dosing test
points, so causing the treatment� day� time
interaction.

There was no signi®cant main e�ect of treat-
ment on RRT, though main e�ects of both day
(F�1; 13� � 9�00, p � 0�01) and time (F�4; 52� �
2�77, p < 0�05) were signi®cant (see Figure 2a
and b). Post-hoc tests ( p < 0�05) revealed that
dothiepin slowed reaction time (day 1, time 4) and
was signi®cantly worse than placebo (and citalo-
pram 20 and 40 mg). Citalopram was not
signi®cantly di�erent to placebo.

There were signi®cant main e�ects of treatment
(F�4; 52� � 2�91, p < 0�05) and time (F�4; 52� �
5�96, p � 0�0005) on MRT with dothiepin and
citalopram 10 mg signi®cantly slowing reaction
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Figure 1. (a) The e�ects of acute doses of citalopram (10, 20
and 40 mg), dothiepin (75 mg) and placebo on critical ¯icker
fusion threshold. (b) The e�ects of citalopram (10, 20 and
40 mg) after treatment for 8 days, dothiepin after an acute dose
(75 mg) and placebo (8 days' treatment) on critical ¯icker fusion
threshold

Figure 2. (a) The e�ects of acute doses of citalopram (10,
20 and 40 g), dothiepin (75 mg) and placebo on recognition
reaction time. (b) The e�ects of citalopram (10, 20 and 40 mg)
after treatment for 8 days, dothiepin after an acute dose
(75 mg) and placebo (8 days' treatment) on recognition reaction
time
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time compared to placebo ( p < 0�05). The data for
this parameter were very variable however and
caution must be exercised in interpreting these
results. It is possible that the citalopram 10 mg
result is a Type I error, given the patterns seen in
the other psychometric data, and the results for this
test with 20 mg and 40 mg citalopram.

The ANOVA on the TRT data produced
signi®cant main e�ects of day (F�1; 13� � 5�44,
p < 0�05) and time (F�4; 52� � 4�10, p < 0�01) but
not of treatment (Figure 3a and b). Post-hoc tests
showed that the only relevant signi®cant di�erence
was found with dothiepin compared to all the other
treatments bar citalopram 10 mg ( p < 0�05) at 5 h.
Dothiepin slowed TRT, indicating an impairment
of performance. The main e�ect of time was due to
an increase in TRT over the course of the testing.
The main day e�ect was caused by slower TRTs on
day 1 compared to day 8: this may have been a
practice e�ect.

For the Sternberg test of short-term memory,
there was a signi®cant main e�ect of day, with
day 8 producing somewhat faster responses overall
(F�1; 13� � 23�07, p < 0�0005). There was also a
signi®cant interaction between treatment and time
(F�16; 208� � 2�00, p � 0�01), with dothiepin caus-
ing an increase in reaction time (poorer short-term
memory) over the testing period, an e�ect not
apparent with the other treatments. There was a
trend for dothiepin to slow responses (worse
performance) compared to placebo on both days:
this trend became signi®cant on day 1 at time 4
( p < 0�05). Citalopram was not signi®cantly dif-
ferent to placebo.

Signi®cant e�ects of treatment (F�4; 44� � 2�92,
p < 0�05) and time (F�4; 44� � 6�18, p < 0�0005)
were obtained from the subjective ratings of
sedation (LARS). This was mainly due to
increased ratings of sedation with dothiepin as
compared to citalopram 10 mg on day 1, and to
elevated scores for dothiepin, citalopram 20 mg
and citalopram 40 mg compared to placebo and
citalopram 10 mg on day 8. Ratings were higher
(indicating more subjective sedation) on sub-
chronic dosing, though there was no signi®cant
day e�ect. Citalopram at all doses and dothiepin
were not signi®cantly di�erent to placebo on this
subjective measure at day 8. The time e�ect was
due to diurnal variation: scores increased to a peak
in the afternoon (the `post-lunch dip') and
subsequently decreased.

There was a main e�ect of treatment on the
MESS, almost entirely due to dothiepin producing
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Figure 3. (a) The e�ects of acute doses of citalopram (10, 20
and 40 mg), dothiepin (75 mg) and placebo on total reaction
time. (b) The e�ects of citalopram (10, 20 and 40 mg) after
treatment for 8 days, dothiepin after an acute dose (75 mg) and
placebo (8 days' treatment) on total reaction time
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increased ratings of sleepiness on day 1 (F�4; 48�
� 2�56, p � 0�05). This e�ect was attenuated on
day 8, so giving rise to a treatment� day inter-
action that approached signi®cance (F�4; 48�
� 2�37, p � 0�065). Citalopram was not signi®-
cantly di�erent to placebo. Dothiepin was signi®-
cantly di�erent (more sleepiness) from placebo on
day 1 but not day 8.

No signi®cant results were detected for the
tracking task.

A total of 155 adverse events was recorded for
all dosing groups throughout the study. There
were no statistically signi®cant di�erences in the
number of adverse events arising from active
medication compared to placebo. The most fre-
quently reported adverse events for citalopram
were drowsiness, nausea and headache. The most
frequently recorded events for dothiepin were
drowsiness, sleepiness and dizziness. A further
analysis of adverse events was performed on an
intention-to-treat basis, i.e. including all subjects
who had received one or more doses of medication
or placebo. The total number of adverse events
increased to 189. There was no change in the
patterns or types of event across the groups.

One subject was reported to have su�ered from a
`®t', having taken dothiepin in the ®rst dosing
period, and a single dose of citalopram in the
second. At 08.45 h on the day in question she
received a single dose of citalopram 20 mg p.o.
Having completed the procedures for that study
day she left the centre in good health at approxi-
mately 17.15 h. The following day the subject's
husband telephoned the centre to explain to the
physician in charge that at approximately 19.00 h
the previous evening he had taken her to hospital
after he reportedly witnessed her experiencing an
epileptic ®t. By the time she reached hospital and
was examined by an SHO there was no neuro-
logical evidence of a ®t although the SHO said that
her husband's description of the event was
consistent with that diagnosis. The subject was
kept overnight in hospital because she was feeling
generally unwell and was discharged and returned
home the next day. The volunteer received both CT
scan and EEG as an outpatient. The subject
recovered completely from this episode. No causal
link was established between the event and any of
the test medications.

There were no clinically signi®cant di�erences
found between pre- and post-study biochemistry
and haematology measurements. There were no
signi®cant changes in pre- and post-study ECGs.

DISCUSSION

As predicted from previous studies with SSRIs
(Kerr et al., 1991), citalopram at all doses raised
the critical ¯icker fusion (CFF) thresholds, sig-
ni®cantly so, compared to placebo, for the 20 and
40 mg doses. CFF is regarded as an index of
cognitive function, i.e. the e�ciency level at which
the CNS is operating. In depressed patients this is
reduced. It is known that, as the depression lifts, so
the CFF increases (e.g. Fairweather et al., 1993;
Hindmarch and Kerr, 1994). Some theorists
(e.g. Widlocher, 1983a,b) have suggested that the
impairment of cognitive function is the central
feature of depression, being more important than
the a�ective component. It is therefore of clinical
signi®cance not to make the depression worse by
further impairing cognition, and those drugs that
improve that aspect of functioning may have a
faster onset of action. The results of the present
study indicate an improvement in cognitive func-
tion with citalopram.

Elevation of CFF thresholds is also a conse-
quence of the administration of psychostimulants
(Hindmarch, 1982). However, following such sub-
stances as amphetamine and methylphenidate there
is also a shortening of reaction times (albeit with a
decreased accuracy). The lack of such e�ects with
citalopram is an indication that the augmentation
of CFF thresholds is not physical stimulation
per se, but a drug-related improvement in cognitive
function.

Citalopram had no e�ects on the various
measures of psychomotor performance, except for
MRT, which was signi®cantly slowed with citalo-
pram 10 mg (and with dothiepin, but not with the
other doses of citalopram). Given the pattern of
results, this was probably a Type I error: similar
signi®cances were not obtained for the 20 mg and
40 mg doses. The lack of an e�ect on reaction time
indicates that the raised CFF thresholds were not
due to an arousal or alerting e�ect. Citalopram did
not di�er from placebo on the subjective rating
scales for sedation and for daytime sleepiness. The
drug also had no e�ect on short-term memory or
on the tracking task. The absence of these e�ects
was apparent both with acute dosing, and with sub-
chronic dosing over the study periods.

Dothiepin, in contrast, was shown to be sedative,
even at the minimum recommended adult dose of
75 mg. This was apparent in the lowered critical
¯icker fusion thresholds produced by dothiepin,
indicating an impairment of cognitive function.
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Dothiepin also produced signi®cant impairment on
the three components of the choice reaction time
task, slowing motor, recognition and total reaction
times. These e�ects were less apparent on the two
variables of the tracking task, error and reaction
time. Dothiepin impaired short-term memory as
shown by the increased reaction times in the Stern-
berg test. This pattern of sedation and impairment
was supported by the results of the subjective
ratings: volunteers rated themselves as more
sedated when taking dothiepin compared to both
placebo and citalopram. They also rated themselves
as more sleepy on dothiepin, though only on day 1
(acute dosing). The impairment of CFF and CRT is
most likely a function of the antihistaminic and
anticholinergic activity inherent to TCAs. The
amnestic action of dothiepin is probably due to
anticholinergic action, and the alpha-1 and -2
e�ects are more likely to cause increased subjective
ratings of tiredness, malaise and dizziness. Argu-
ably, the lack of such e�ects following citalopram is
because the drug does not act on those systems.

These results concur with the ®ndings of
previous studies that have investigated SSRIs and
TCAs. The pro®les of the drugs are similar in that
the SSRI, in this case citalopram, raised CFF
thresholds without a�ecting the other psycho-
metric tests. In contrast, the TCA, dothiepin, was
shown to be impairing and sedating, signi®cantly
so on most of the test battery.
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