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Aims

 

Studies of novel centrally acting drugs in healthy volunteers are traditionally concerned
with kinetics and tolerability, but useful information may also be obtained from
biomarkers of clinical endpoints. This paper provides a systematic overview of CNS-
tests used with SSRIs in healthy subjects. A useful biomarker should meet the
following requirements: a consistent response across studies and drugs; a clear
response of the biomarker to a therapeutic dose; a dose–response relationship; a
plausible relationship between biomarker, pharmacology and pathogenesis.

 

Methods

 

These criteria were applied to all individual tests found in studies of selective serotonin
reuptake inhibitors (SSRIs), performed in healthy subjects since 1966, identified with
a systematic MedLine search. Separate databases were created to evaluate the effects
of single or multiple dose SSRI-studies, and for amitriptyline whenever the orig inal
report included this antidepressant as a positive control. Doses of the antidepressant
were divided into high- and low-dose ranges, relative to a medium range of therapeutic
doses. For each test, the drug effects were scored as statistically significant impairment/
decrease (–), improvement/increase (

 

+

 

) or no change (

 

=

 

) relative to placebo.

 

Results

 

56 single dose studies and 22 multiple dose studies were identified, investigating
the effects of 13 different SSRIs on 171 variants of neuropsychological tests, which
could be clustered into seven neuropsychological domains. Low single doses of SSRIs
generally stimulated tests of attention and memory. High doses tended to impair
visual/auditory and visuomotor systems and subjective per formance, while showing
an acceleration in motor function. The most pronounced effects were observed using
tests that measure flicker discrimination (improvement at low doses: 75%, medium
doses: 40%, high doses: 43% of studies); REM sleep (inconsistent decrease after
medium doses, decrease in 83% of studies after high doses); and EEG recordings,
predominantly in alpha (decrease in 60% and 43% of studies after low and medium
doses, respectively) and in theta activity (increase in 43% and 33% of studies after
medium and high doses, respectively). Amitriptyline generally impaired central ner-
vous system (CNS) functions, which increased with doses. Multiple doses caused
less pronounced effects on the reported tests. The most responsive tests to amitrip-
tyline appeared to be EEG alpha and theta, and REM sleep duration.

 

Conclusions

 

SSRIs in healthy subjects appear to cause slight stimulating effects after low doses,
which tend to diminish with dose. The most consistent effects were observed with
flicker discrimination tests, EEG (alpha and beta bands), REM sleep duration, and
subjective effects at higher doses. These effects are small compared with amitriptyline
and other CNS-active drugs. Multiple dosing with SSRIs caused even fewer measur-
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Introduction

 

Traditionally, Phase I studies are mainly concerned with
the pharmacokinetics and tolerability of a new drug in
healthy subjects. However, increasing efforts are made
to include measures for efficacy as early as in Phase I
studies. This may be especially useful for neuropsychi-
atric disorders, where Phase II studies in patients can be
difficult to realize due to ethical or practical issues, such
as concomitant or previous treatment, adaptation of
dose, and the wide variety of types and severity of psy-
chopathology. Studies in healthy subjects evade most of
the methodological and logistical problems of patient
studies. However, the effects of central nervous system
(CNS)-active drugs in healthy subjects may not be com-
parable to the results in patients. A validated biomarker
in early Phase I studies would be very useful for the
development of new therapeutic psychoactive drug.
Currently, no such validated biomarker exists for selec-
tive serotonin reuptake inhibitors (SSRIs) and other
antidepressants, but a systematic review of studies with
such drugs in healthy subjects may reveal tests that are
intricately related to the drug class. In general, such a
useful biomarker should meet the following criteria:

 

1

 

a clear, consistent response across studies (from dif-
ferent research groups) and drugs from the same class

 

2

 

a clear response of the biomarker to therapeutic doses

 

3

 

a dose (concentration)–response relationship

 

4

 

a plausible relationship between the biomarker, the
pharmacology of the drug class and the pathogenesis
of the therapeutic area.

Previously, these criteria were used to evaluate the
usefulness of biomarkers for the effects of antipsychotic
drugs [1] and benzodiazepines [2] in healthy subjects.
These reviews revealed clear relationships between neu-
roleptics and prolactin responses, and benzodiazepine
anxiolytics and saccadic peak velocity. In the current
review, the effects of SSRIs in healthy subjects were
evaluated using the same methodology.

 

Methods

 

Structured literature evaluation

 

A broad MedLine search (keywords: (SSRI or Citalo-
pram or Fluvoxamine or Fluoxetine or Paroxetine or
Sertraline or Venlafaxine or Trazodone or Nefazodon)

 

and

 

 healthy 

 

and

 

 (subjects or volunteers)) revealed a

large number of individual tests, with no apparent stan-
dardization between the studies even for the same tests.
First, all studies were divided into either single dose or
multiple dose (drug administration for more than 13
consecutive days to ensure that steady-state has been
reached). The results of these studies for each individual
test, drug and dosage were put into separate single- and
multiple dose Microsoft Access

 

®

 

 databases. Studies
using a positive control mostly included amitriptyline as
positive control, therefore another database was created
to evaluate all amitriptyline results found in the single-
dose studies’ SSRI database.

 

Grouping of individual test results

 

A structured procedure described previously was
adopted in order to obtain an overview [1, 2]. This
method includes progressive evaluation of all the
reported tests on the basis of the mentioned criteria. The
purpose of this review was to identify generally applica-
ble biomarkers of SSRI action. Results from tests which
were used only once or by one research group could not
be generalized, and were therefore not individually anal-
ysed. Tests that could be regarded as variants from a
basic form were grouped (e.g. all tests determining the
ability to discriminate flash- or flicker frequencies
grouped as the test cluster ‘flicker discrimination’). Sub-
sequently, a catalogue of psychological tests was used to
group these test clusters further, according to their pre-
dominant neuropsychological domain [3]. The results of
the effects on these domains were also reviewed.

Individual test results could not be recorded quantita-
tively, considering the large diversity of methods,
parameters and treatments. Instead, the ability of a test
to show a statistically significant difference from pla-
cebo or baseline was scored as 

 

+

 

 (improvement/
increase), 

 

=

 

 (no significant effect) or – (impairment/
decrease). Whether a difference from placebo was
scored as improvement (

 

+

 

) or impairment (–) depended
on social desirability. Although statistical significance is
not only determined by the test variance but also by
other factors like group size, this approach at least
allowed an evaluation of the applicability of a test as
a biomarker in typical early drug development studies,
with limited numbers of participants. No efforts were
made to further quantify the level of statistical signifi-
cance at this stage.

 

able differences from placebo, probably due to adaptive processes. SSR I-effects are
best detected with a test battery that is sensitive to general CNS-stimulation, but such
tests only comprise a very small portion of the close to 200 different methods that
were found in current review.
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Consistency of responses

 

Responses of a test can be positive (increase or improve-
ment) or negative (decrease or impairment) or both,
depending on the test. Tests where considered to
respond consistently when results were significant and
of the same outcome (either positive or negative), in at
least 20% of the reviewed studies in a particular group.
Test results were considered to be inconsistent when
fewer than 20% of the tests showed statistically signif-
icant results, or when the directions of the responses
were variable (i.e. more than 20% were negative and
more than 20% were positive).

 

Dose normalization

 

The chance that a test will detect a difference from
placebo is expected to increase with dose. To investi-
gate this possibility, for each individual SSRI and test
it was determined whether the number of statistically
significant results increased with dose. In this way,
only the most frequently used tests and drug dosages
could be compared for dose-dependency. In all but a
few cases, however, the number of tests or doses was
too small to determine a relationship. To obtain an
overview of dose-effects across SSRIs, drug dosages
were pooled into ‘lower’, ‘medium’ and ‘higher’ dos-
ages. For the single dose database the ‘medium’ dose
was determined as the lowest recommended therapeu-
tic starting dose (or dose range), as shown in Table 1.
The ‘lower’ and ‘higher’ doses were all dosages below
or above this range. For the multiple dose database,

the ‘medium’ dose was determined as the lowest to
highest recommended therapeutic maintenance dose
range.

This approach allowed the identification of tests that
showed a consistent response across studies and SSRIs,
and those with a clear response to a therapeutic dose of
the antidepressant (requirements 1 and 2 from the intro-
duction). All measurements fulfilling these criteria were
further tested for compliance with requirements 3 and
4: the existence of a dose–response relationship and the
plausibility of a mechanistic relationship, by reference
to the original publications and the neuropharmacolog-
ical literature. In this case, the original test-results were
used if possible, rather than statistical significance and
effect direction.

 

Measure of group size

 

Results were depicted graphically as average responses,
ranging from 

 

-

 

1 (all studies show impairment/decrease)
through 0 (on average, studies show no change) to 

 

+

 

1
(all studies show improvement/increase). In order to
give an indication of group size in the graphical display
of test and group results, error bars were constructed
using confidence intervals for binomial distribution.

 

Tests

 

Neuropsychological/motor skill tests

 

Although many
different methods are used to evaluate the functional
effects of SSRIs, most actually measure a limited num-

 

Table 1

 

Reviewed drugs reviewed with ‘medium’ ranges

 

Drug Route
Single dose
Medium low Medium high

Multiple dose
Medium low Medium high References

 

Amitriptyline po 25 50 [15–18]
Citalopram po 20 20 20 60 [19–27]
Citalopram iv 20 20
Fluoxetine po 20 20 20 80 [28–38]
Fluvoxamine po 50 100 100 300 [26, 39–52]
Nefazodon po 100 200 [6, 11, 53, 54]
Paroxetine po 10 20 20 50 [6, 13, 35, 55–66]
Sertraline po 50 50 50 100 [15–18, 66–68]
Trazodone po 50 150 [69]
Trazodone controlled release po 50 150 [69]
Venlafaxine po 37.5 75 75 150 [21, 59, 70–74]
Venlafaxine iv 15 30
Venlafaxine extended release po 37.5 75 [73]
Zimelidine po 50 100 [9, 17, 75–78]
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ber of core features. Neuropsychological and motor-
skills tests can be categorized according to a catalogue
of neurocognitive tests (attention, executive, etc.) [1, 2].
This catalogue divides tests according to different neu-
ropsychological domains, assuming that the results of
each test are mainly (although not exclusively) deter-
mined by one of these domains (Tables 2 and 3).

 

Subjective assessments

 

For the subjective assess-
ments, most individual scales corresponded to (the indi-
vidual VAS lines of) the subscales ‘alertness’, ‘mood’
and ‘calmness’ proposed by Norris and applied to CNS-
drug evaluation by Bond and Lader [4]. Other subjective
scales could be grouped under ‘craving’, ‘dizziness’,
‘drug effect’, ‘psychomimetic’, ‘sleep’ or ‘symptoms’.

 

Table 2

 

Reported tests, clusters and domains

 

Cluster Tests

 

Executive

 

Complex information processing Car following test [30]
Driving test Driving test [30, 53, 61, 71], Driving speed [53, 61], Driving simulator task [34], Highway driving [68]
Inhibition task Pre-pulse inhibition of startle response [25]
Language Verbal fluency [66]
Time estimation Time estimation test [47], Duration discrimination [28]

 

Attention

 

Divided attention Divided attention task [61, 71]
DSST-like DSST [21, 24, 54, 69]
Flicker discrimination Visual discrimination [61], Blurred point [9], Auditory flutter fusion [28], Critical flicker fusion [9, 16, 17, 21, 

28, 30, 47, 48, 54, 58, 61, 69, 71, 72]
Other vigilance Continuous performance task [42], Sustained attention test [30], Mackworth clock test [74]
P300 P300 potential [29], N1 latency [70], P2 latency [70], P300 latency [70]

 

Memory

 

Delayed recall Delayed recall [45], Free recall [54], Words delayed recall [66], Memory scanning [66]
Delayed recognition Words delayed recognition [66]
Immediate recall Visual working memory [54], Continuous recall [61], Verbal memory [42], Sternberg numerical memory [17, 

48, 53, 58, 61, 72], Words immediate recall [66]
Learning Non-sense syllable learning test [47]
Span tests Digit span test [24, 54], Pauli test [17, 48, 72], Sustained Attention test [37]

 

Visual, visuomotor & auditory

 

Hand-eye coordination Tracking task [42, 58, 61, 71, 78], Wire-maze tracing [69], Archimedean spiral [17], Gibson spiral maze [54], 
Pursuit rotor [54], Trail making [21]

Reaction time Sternberg numerical memory reaction time [53], Choice reaction time [16, 46], Visual reaction time [24], 
Sternberg additive factor method [40], Sternberg additive factor method – reaction time [2], Alphabetical 
reaction test [17, 72], Letter/digit differentiation reaction time [53], Choice reaction time angles [42, 78], 
Reaction time [17, 48, 54, 58, 72], Choice reaction time decision time [21], Viennese determination 
apparatus [17, 72], Viennese reaction apparatus [48], Words reaction time [61], Choice reaction time words 
[42, 78], Letter matching reaction time [53], Divided Attention task reaction time [61]

Visual acuity Visual attention (oddball) task [34]
Search Alphabetic crossout test percentage errors [17, 47, 48], Alphabetic crossout test [17, 47, 48], Digit cancellation 

time [54, 69], Letter/digit differentiation [53], Letter matching [53]

 

Motor

 

Motor control Symbol copying test [24, 54, 69], Tapping rate [24, 47, 54, 61, 69], Body sway [9, 54, 78], Motor reaction 
time [58], Choice reaction time movement time [21], Feinmotorik test [17, 47, 48, 72], High intensity 
exercise [33]

 

Subjective

 

Scale alertness VAS arousal [32], VAS stimulated [62], VAS concentration [61], VAS wakefulness [48], Polarity profile 
concentration [48], Polarity profile wakefulness [48], VAS sedation [72], VAS stimulated [62], VAS alertness 
[15, 19, 21, 23, 24, 28, 41, 53, 54, 58, 62, 69, 71], VAS drowsiness [28, 58, 61], VAS mental activation 
[53], POMS concentration [68]

Scale calmness VAS restlessness [19], VAS distress [19], VAS anxiety [19, 41, 62], VAS calmness [24, 54, 69, 71], State Trait 
Inventory Scale [27], POMS Anxiety [68]

Scale craving VAS hungry [62], VAS hunger [32, 62], VAS thirst [32], VAS Satiety [32]
Scale dizziness VAS dizziness [19]
Scale drug effect DEQ like drug [62], DEQ feel high [62], VAS high (drug high) [62], DEQ want more [62], DEQ feel drug [62]
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Table 2

 

Continued

 

Scale fatigue POMS fatigue [68], VAS fatigue [61], VAS Weakness [37]
Scale memory VAS memory [61]
Scale mood VAS affectivity [48], VAS drive [48, 72], POMS friendliness [62], POMS vigour [62], VAS down [62], VAS well-

being [19, 72], POMS depression [62], POMS confusion [62], POMS anxiety [62], POMS anger [62], VAS 
satiety [62], POMS elation [62], Polarity profile mood [48], Von Zerrsen befindlichkeitsscala [17, 47, 48], 
Semantic differential polarity profile [47], Guilt scale [42], Suspicion scale [42], Irritability scale [42], Buss-
Durkee scale of assaultiveness [42], Mood scale [42], Spielberger state anxiety scale [42], VAS contendedness 
[24, 41, 54, 69, 71], VAS mood[19, 32, 48, 60, 70], Polarity profile extraversion [48], Cloninger’s temperament 
and character inventory (TCI) novelty seeking [27], TCI cooperativeness [27], TCI selfdirectiveness [27], TCI 
reward dependence [27], TCI self-transcendence [27], TCI harm avoidance [27], Enjoyment and satisfaction 
questionnaire [35], Comray personality scale [35], Quality of life (SASS) [68], General well-being schedule 
[35], Hamilton depression scale [35], Hamilton anxiety scale [35], PANAS mood [68]

Scale nausea VAS nausea [19, 32, 61]
Scale performance VAS effort drive [53, 61], VAS driving quality [53, 61], VAS co-ordination [37], Perceptual motor skills [60]
Scale sleep VAS tiredness [58], Leeds sleep evaluation questionnaire [30, 58], VAS sleep [60], VAS sleep duration [61], 

VAS sleep quality [61], VAS feeling refreshed after awaking [50], VAS difficulty opening eyes in the morning 
[50], VAS depth of sleep [50]

Scale symptoms Side-effects [30, 77], VAS gastric discomfort [32], VAS head ache [19], Hopkins symptoms checklist [42], 
Side-effects questionnaire [42], VAS dryness of mouth [19, 23, 77], VAS sweating [19], VAS bodily 
symptoms [54], VAS tremor [19], VAS shakiness [19]

 

Neurophysiological

 

EEG EEG [17], EEG total power [47, 48, 72], Transcranial magnetic cortical stimulation [18]
EEG alpha EEG alpha [19, 23, 77]
EEG beta EEG beta [19, 23, 77]
EEG delta EEG delta [19, 23, 77]
EEG theta EEG theta [19, 23, 77]
Evoked potentials Auditory vortex potential [54]
Eye movements blink Palpebral fissure [44], Blink rate [44, 70]
Eye movements no-/anti-saccade No-saccade distractibility [15], Antisaccadic velocity [15], Antisaccadic latency [15], Antisaccadic distractability 

[15]
Eye movements pursuit Smooth pursuit position error [15], Smooth pursuit velocity error [15]
Eye movements saccadic Visually guided saccade latency [15], Visually guided saccade velocity [15], Saccadic intrusions [15], Saccade 

error [15], Acceleration/deceleration ratio [34], Peak acceleration [34], Peak deceleration [34]
REM Delta REM [6]
Sleep latency Sleep latency [53]

 

Neuroendocrine

 

Corticotrophin Serum corticotrophin [63]
Catecholamine Norepinefrine [42, 75]
Cortisol Cortisol [19]
Growth hormone HGH [19]
LH Serum LH [63]
Melatonin Nocturnal melatonin secretion [57], Melatonin [26, 31, 39]
Prolactin Prolactin [19]
Testosterone Serum testosterone [63]

 

Physiological

 

Exercise Exercise time [55, 56]
Blood pressure/heart rate Blood pressure/heart rate [9, 17, 19, 42–44, 47, 54]
Pupillometry Pupillary unrest index [42], Power of pupil fluctuations [41], Pupil diameter [17, 32, 41, 43, 44, 48, 60, 69, 

72], Pupillary light reflex [59]
Salivation Salivation [9, 22, 23, 43, 44, 69, 76, 77], Saliva composition [76]
Skin conductance Skin conductance [17, 48, 72]
Sodium Serum sodium [52]
Startle reflex Startle response [25]
Platelet 5-HT Intraplatelet 5 HT concentration [65], Platelet plug formation [65], Platelet 5HT2a receptor B

 

max

 

[51], Platelet 
5HT2a receptor Kd [51]

Cerebral blood flow Cerebral blood flow [38]
Temperature Sublingual temperature [54]
Visual accommodation Accommodation range of the eye [77]

 

Cluster Tests
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Neurophysiological assessments

 

Electroencephalography (EEG) and sleep analysis

 

EEG is sensitive to a wide range of centrally active
substances, although the exact mechanism is hardly ever
known. EEG-studies differ in numbers of leads, techni-
cal settings and EEG-quantification methods, but they
usually report effects per EEG-frequency band, which
are divided into delta (0.5–3.5 Hz), theta (3.5–7.5 Hz),
alpha (7.5–11.5 Hz) and beta (

 

>

 

11.5 Hz; subdivided into
beta 1 (11.5–30Hz) and beta 2 (

 

>

 

30 Hz) if possible) [5].

REM sleep effects after psychoactive drugs have been
reported previously [6] and are scored as total duration
of REM sleep after drug administration subtracted from
REM sleep duration under unmedicated conditions.
Sleep latency is used as a measure for onset of sleep.

 

Eye movements

 

Smooth pursuit and saccadic eye
movements have been frequently used to assess CNS
drug (side)-effects [3, 7]. Saccadic eye movements pro-
vide information on the sedative properties of benzodi-
azepines. Although there are different techniques to

 

Table 3

 

Single and multiple dose studies; responsive and frequently (

 

>

 

5 times) performed clusters and tests

 

Cluster Test Overall Low dose Medium dose High dose n

 

Single dose

 

Executive

 

Driving ability

 

+

 

25 10
Driving test

 

+

 

33

 

+

 

40 6

 

Attention

 

Flicker discrimination

 

+

 

40

 

+

 

75

 

+

 

35

 

+

 

33 30
Critical flicker fusion

 

+

 

46

 

+

 

75

 

+

 

40

 

+

 

43 26

 

Memory

 

Immediate recall

 

+

 

33

 

+

 

18

 

-

 

9

 

-

 

20 14

Sternberg numerical memory

 

+

 

23

 

+

 

50

 

+

 

29

 

-

 

14

 

-

 

25 13

Span tests

 

+

 

67

 

-

 

20 12
Pauli test

 

+

 

25

 

+

 

100

 

-

 

33 8

 

Visual, visuomotor & auditory

 

Reaction time

 

+

 

10

 

+

 

10

 

-

 

10

 

+

 

20

 

-

 

27
55

Alphabetical reaction test

 

-

 

43

 

-

 

50

 

-

 

67 7
Choice reaction time

 

+

 

60

 

+

 

50

 

+

 

100 5
Search

 

-

 

25

 

+

 

8

 

-

 

15

 

-

 

50 20

Viennese determination apparatus

 

-

 

29 +50 0 -67 7
Alphabetic cross-out test percentage errors -50 -50 -67 6

Motor
Motor control +21

-5
+29
-29

31

Symbol copying test +33 +25 +100 6
Tapping rate +22 +17 +50 9
Feinmotorik test -22 +25

-25
-33 9

Subjective
Scale mood +4

-9
23

VAS affectivity -43 -50 -67 7
VAS contendedness -25 -33 8
Von Zerssen befindlichkeits scala -33 -67 6
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Table 3
Continued

measure eye movements, most studies report peak
velocity for visually guided saccades or sometimes anti-
saccades (where subjects are instructed to look away
from the target). No- and antisaccadic movements
involve more complex cognitive processing than stimu-
lus-evoked saccades and are considered as a separate
cluster. Smooth pursuit eye movements are also treated
separately. They are often reported as deviations from
the time that the eyes closely followed the target. Eye
blinks were clustered as spontaneous eye blinks or as
blinks elicited by a startle response.

Neuroendocrine Hormonal reactions to psychoactive
drugs are common. Frequently assessed hormones
included catecholamines, cortisol, growth hormone,

melatonin and prolactin. All the reported neuroendo-
crine responses to SSRIs were analysed individually.

Other physiological tests Physiological parameters are
often assessed to monitor peripheral reactions and/or
systemic reactions. Physiological tests were not consid-
ered relevant for the purpose of this review if the objec-
tive of the measurement was solely to monitor the
subjects’ safety. Relevant (psycho)physiological tests
included pupillary responses, salivation and saliva com-
position, and skin conductance.

Results
Single dose
The literature search yielded 56 different single dose
studies using 13 different SSRIs, published since 1983.

Neurophysiological
EEG +40 -100 -50 +75 10

-30
EEG total power -80 -100 -67 5

EEG alpha EEG alpha -40 -60 -43 15
EEG beta EEG beta +47 +60 +57

-29
15

EEG delta EEG delta +20 -20 +29
-14

+33 15

EEG theta EEG theta +27 +43 +33 15
REM Delta REM -69 -60 -83 16

+20

Neuroendocrine
Melatonin +25 +25 +33 8

Melatonin +29 +33 +33 7

Physiological
Pupillometry +35 +100 +18 +57 26

-23 -24 -29
Pupil diameter +43 +100 +23

-23
+67
-17

21

Skin conductance Skin conductance +50 +100 +66 8
Salivation -36 -33 -50 13

Multiple dose
Subjective
Scale sleep -50 -25 8

Neurophysiological
Eye movements saccadic +50 +50 6

Cluster Test Overall Low dose Medium dose High dose n

Overall: overall scores; percentage results that differ statistically significant from placebo; – decrease/impairment, + increase/improvement 
(unchanged results not indicated).
n: total times performed.
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171 different tests were used, on average three tests per
study. On average 13 subjects participated in each study
(ranging from six to 30 subjects). 136 tests were used
fewer then five times. Only a limited number of tests (35
out of the 171, 20%) were used at least five times or
more. Twenty-two of these 35 tests showed a consistent
response across different SSRIs. Thirty-two out of 63
test-clusters were used at least five times. Of these 32
test-clusters, 23 did not show a consistent response and
nine test-clusters showed a consistent response across
different SSRIs (Table 3). Tests that were used more
than five times but were nonresponsive (as defined
above) are listed in Table 4. All reported tests are repre-
sented in Table 2.

Executive
Six different tests of executive function were used a total
of 14 times. Most of these were related to driving-abil-
ity. Driving tests were used six times and showed an
improvement in 33% of the medium SSRI doses.

Attention
Tests measuring attention on average improved after
SSRIs administration. The improvement was small but
was observed in all dose ranges (Figure 1). This
improvement decreased slightly with dose, suggesting
an inverted dose–response relation. Amitriptyline caused
strong impairment at both medium and high doses. A
total of 12 tests measuring attention were performed 54
times. Most tests were measured only occasionally,
except the critical flicker fusion (CFF) test, which was
performed 26 times. In the CFF test, the lowest fre-
quency of a flickering light that is perceived by the

subject as a stable light is determined. CFF showed an
improvement in 46% of the studies. Divided according
to dose ranges, results again suggest an inverted dose
related response; the low doses showed 75% improve-
ment while the medium and high doses showed an
improvement in 40% and 43% of the studies, respec-
tively (Table 3, Figure 2). Amitriptyline administration
showed an opposite response; medium and high doses
caused impairment in a large percentage of CFF results.

Memory
Figure 3 displays the average results for tests measuring
memory. Similar to the other cognitive tests, these

Table 4
Single dose studies; unresponsive but frequently (> 5 
times) performed tests

Test Total times used

DSST 8
Alphabetical cross-out test 6
Archimedean spiral 5
Tracking task 7
Reaction time 11
Viennese reaction apparatus 5
VAS alertness 20
VAS anxiety 5
VAS calmness 7
VAS mood 7
Blood pressure 16
Heart rate 16

Figure 1
SSRI and amitriptyline effects on attention. Low dose ( ), med dose 

( ) high dose ( ), med dose ( ), high dose ( )

SSRI's Amitriptyline
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Figure 2
SSRI and amitriptyline effects on Critical Flicker Fusion. Low dose ( ), med 

dose ( ), high dose ( ), med dose ( ), high dose ( )
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results suggest an inverted dose–response relation. Of
the nine tests, only two responded to SSRI treat-
ment.The Sternberg numerical memory test and the
Pauli test showed an improvement in the results after
SSRI administration in 23% and 25%, respectively. This
improvement decreased slightly with increasing doses.
In contrast, an impairment was found only in the ami-
triptyline study that used the Sternberg numerical mem-
ory test.

Visual, visuomotor and auditory
Twenty-eight tests measured visual, visuomotor or audi-
tory responses, of which 17 measured a variation of

reaction time. Overall only high doses caused some
impairment, as depicted in Figure 4. Of the 17 variants
of reaction time tests, only the alphabetical reaction test
was consistently impaired in 43% of the studies. On
average, choice reaction time also showed a dose-related
impairment (Figure 5), but the individual results were
often inconsistent (Table 3). Of the 11 other tests mea-
suring search related functions, only the alphabetic
cross-out test (% errors) showed a impairment in 50%
of the results (Table 3).

Motor
Motor function was assessed by a total of six tests, of
which only three were performed more than four
times. Contrary to the trends for inverted dose–
response relationships observed with the cognitive
tests, tests of motor speed often showed dose-related
improvements. This was observed for both the symbol
copying test and tapping rate (Figure 6; Table 3). In
contrast, amitriptyline impaired both tests. However,
the ‘Feinmotorik test’ showed a decrease in 22% of the
results after SSRI administration. An inverted dose-
related effect was suggested: medium doses improved
25% of the results and impaired 25%, while the high
dose showed impairments in 33% of the results, but no
improvements.
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Subjective
Subjective responses to SSRI administration were
reported 192 times, although only 35 showed significant
changes from placebo. There were hardly any responses
at low and medium dose ranges, but impairments were
rather consistent with high doses (Figure 7). Although
the number of studies is smaller, amitriptyline seemed
to cause subjective impairments in lower dose ranges
(Figure 7). Only a few mood scales responded to SSRI
administration, namely VAS affectivity, VAS contented-
ness and ‘Von Zerssen Befindlichkeits Scala’, although

only in the medium and/or high dose range. The results
for the test responses are presented in Table 3.

Neurophysiological
EEG total power was decreased in 80% of the results
with an inverted dose–response relation (Table 3). The
results for the separate EEG bands are depicted in Fig-
ure 8. Sleep effects were evaluated with sleep latency
and REM measurements, but only the latter was evalu-
ated more than four times. Delta REM (SSRI REM
duration corrected for placebo) decreased markedly and

Figure 6
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suggested a dose–response relationship as depicted in
Figure 9.

Neuroendocrine
Neuroendocrine responses to SSRI administration were
observed in the medium and in the high dose range
(Table 3). Five different hormones were evaluated, but
only 14 results were reported in total. Melatonin was the
only hormone that was investigated often enough for
separate evaluation and increased after SSRI adminis-
tration. Medium and high SSRI doses caused an
increase in 33% of the studies, low doses showed no
change.

Physiological
The following physiological tests responded in more
then 20% of the studies:

pupil diameter increased in all dose ranges, however,
without an apparent dose–response relation;
skin conductance increased in 50% of the results. An
inverted dose–response relation was suggested (both
studies with low doses showed an increase; two of
three medium dose studies showed increases; three
high dose studies showed no change compared with
placebo);
salivation decreased in 36% of the studies (medium
dose; 33%, high dose; 50%).

Multiple dose
The literature search yielded 22 different multiple dose
studies using seven different SSRIs, published since
1986. In the multiple dose studies reviewed, dosing was
performed for more then 13 consecutive days in order
to reach steady state. Ninety different tests were used,
on average 4.1 tests per study. On average 14 subjects
participated in each study (ranging from eight to 29
subjects). Since all doses were within the mid range no
dose–response relationship could be observed. All 90
tests were performed fewer then five times and were
therefore not individually analysed. Six test-clusters
included at least five test results, of which four did not
respond to SSRI treatment.

Memory
A total of nine tests measuring memory showed a con-
sistent but weak response; 22% of the results were
impaired at mid-therapeutic SSRI doses.

Subjective
Tests measuring subjective effects yielded 56 results.
Tests measuring subjective sleep effects were grouped
as ‘scale sleep’, which showed a reduction in 25% out
of the eight results.

Neurophysiological
Six neurophysiological tests were grouped as ‘eye
movements saccadic’ and showed an improvement in
50% of the results. Sleep effects of SSRI treatment were
measured four times contrary to many sleep studies with
‘classic’ antidepressants [4]. Although performed only
four times, delta REM sleep (REM duration corrected
for placebo) showed an impairment in 50% of these
studies.

Neuroendocrine
Eleven tests measured neuroendocrine effects. No sig-
nificant responses were observed.

Discussion
Limited effects were observed after administration of
SSRIs to healthy subjects. Although 171 different tests
were reported in 56 studies, only 35 tests were used
more than five times, allowing some general conclu-
sions. None of these tests seemed to comply with all the
stated requirements for useful biomarkers. Only five
tests showed a response to SSRI administration in 50%
or more of the studies. This improved somewhat, when
dosages were taken into account: 11 tests showed a
response in more than 50% of the studies at low (sub-
therapeutic) SSRI-doses. Most CNS-functions showed

Figure 9
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an inverted dose–response relationship, with slight stim-
ulation at low single doses, and slight impairment or no
effects at high doses.

Most psychological domains were slightly stimu-
lated, especially after low single doses. These stimulat-
ing effects generally seemed to diminish with
increased doses (an inverted dose–response relation).
This is in contrast with the profound impairment
observed after the most frequently used positive con-
trol, amitriptyline. Recent reviews also showed more
pronounced effects of other psychoactive agents on the
CNS [1, 2].

To evaluate the tests that were performed infre-
quently, we grouped tests in clusters. Any manipulation
of data might obscure information: tests that in fact
represent the ‘ideal’ biomarker could be masked by
other nonresponsive tests in the same group. However,
rejection of these tests on the basis of limited experience
would have ignored possibly valuable information. Only
EEG alpha and theta frequencies, REM sleep duration
and the critical flicker fusion test, and subjective effects
at high doses, showed reasonably consistent responses
across different studies and drugs.

Several factors contributed to the lack of profound
effects in healthy subjects after SSRI administration.
First, the effects of single doses of SSRIs in clinically
relevant doses are probably limited in healthy subjects.
The clinical effects of SSRIs are usually only notice-
able after several weeks of treatment. This suggests
that the administration of SSRI triggers adaptive
mechanisms that are responsible for the therapeutic
effect, as suggested previously by Cowen et al. [8].
Similar phenomena could account for the absence of
neuroendocrine responses in multiple dose  studies,
and the diminution of the slight stimulatory effects,
observed in most single dose studies. Multiple dose
studies in healthy subjects, although much more rele-
vant to clinical practice, face considerable ethical and
practical limitations. These limitations probably
account for the small number of multiple dose studies
observed in this review – which in turn impair firm
conclusions about potentially useful biomarkers for
multiple dose effects.

Second, SSRIs seem to cause slight stimulating
effects, while most tests are more sensitive to CNS-
impairment – at least in healthy subjects. The
observed stimulating effects of low doses of SSRIs are
compatible with acute serotonergic reuptake inhibition.
Higher SSRI doses also activate other pharmacological
activities, notably noradrenergic effects that are gener-
ally associated with sedation [9]. This might explain
the disappearance of cognitive stimulation that seemed

to occur with increasing SSRI doses. Therefore, if a
new SSRI causes slight stimulant effects across a
range of CNS-domains in healthy subjects, this may
indicate that a low therapeutic dose level has been
reached. CNS-depression may be an indication for
side-effects.

Although the numbers of studies and individual tests
are small, most cognitive and subjective tests and clus-
ters showed inverted dose–response relationships.
Motor speed, however, showed a positive dose–response
relation: increasing doses resulted in improved speed.
This applied to tests exclusively measuring motor speed,
since the Feinmotorik test results showed an inverted
dose–response relation. There is no clear explanation for
this apparent discrepancy, which could be spurious in
view of the large variability and small changes caused
by SSRIs.

EEG profiles after SSRI administration differed
markedly from profiles induced by amitriptyline admin-
istration. Low doses of SSRIs had virtually no effect on
low frequency bands of the EEG (delta and theta), and
caused small decreases in alpha- and increases in beta-
frequencies (both in 60% of studies). These findings are
compatible with CNS-stimulation. At high doses, the
power of the low frequencies increased, and the alpha
and beta changes disappeared. Similar findings have
been reported previously by Saletu et al. [10].

Amitriptyline was not used often enough in the stud-
ies included in this review, to allow conclusions about
EEG-effect. Amitriptyline typically causes increases in
delta-, theta- and beta 2-frequencies, and decreases in
alpha and beta 1-frequencies; a profile compatible with
drug-induced sedation also reported by Saletu et al.
[14].

The stimulating effects of SSRIs are also shown by
the results of the CFF test. The results improved with
low, medium and high SSRI doses (in 75%, 40% and
43% of the studies, respectively). These results indicate
that the CFF test is one of the more useful methods to
be employed in single-dose SSRI-studies in healthy sub-
jects. The CFF test is primarily a test of attention,
although it can be affected by other modalities like pupil
size and retinal function. In part therefore, the CFF-
results may be due to pupillary dilation, which was
observed in the majority of studies with all SSRI-doses.
Other CNS-domains that respond fairly consistently to
single SSRI-doses are memory, visual, visuomotor,
auditory, motor and subjective.

REM sleep duration was markedly decreased in sin-
gle dose, as well as in multiple dose studies. This sug-
gests that the shortening of REM sleep correlates with
SSRI action and the therapeutic effects. However, REM
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sleep measurements have only been reported four times
in the multiple dose review, which limits the conclu-
sions. The subjective experience of sleep was impaired,
which could be related to the slight stimulant effects at
low and medium SSRI-doses, and which agrees with the
reported REM sleep phase reduction reported for anti-
depressants [6, 7, 11–14].

The value of CNS-testing in early Phase I studies with
SSRIs could be questioned, considering the limited
effects of SSRIs in healthy subjects. For any new CNS-
active agent, tests of the central nervous system can
show inadvertent dose-related effects, which is essential
information for the further development of the drug. In
the current review, none of the methods were specifi-
cally related to the therapeutic range of the SSRIs. How-
ever, many tests seemed to show small stimulant effects
at low therapeutic doses. This often did not reach statis-
tical significance, which could be due to the limited
sensitivity of most methods for CNS-stimulation. A bat-
tery of tests that are sensitive to CNS-stimulation in
several domains, particularly attention (critical flicker
fusion), visuomotor coordination and memory, seems to
have the highest chance of picking up the effect of low
doses of a novel SSRI. The EEG may show a reduction
in the alpha-band and a slight increase in the beta-band,
but this is also seen with other CNS-active agents like
benzodiazepines [2].

In summary, the effects of SSRIs in healthy subjects
are limited, compared with a tricyclic antidepressant
like amitriptyline and other CNS-active agents [1, 2].
No test seems to be specifically related to the mecha-
nism of action of SSRIs. There are indications for a
slight stimulant effect at low therapeutic doses. These
are best detected with a test battery that is sensitive to
general CNS-stimulation, but such tests only comprise
a very small portion of the almost 200 different methods
that were found in current review.

This review was produced on behalf of the Biomarker
Working Group of the German Association for Applied
Human Pharmacology (Arbeitsgemeinschaft für ange-
wandte Humanpharmakologie; AGAH).
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