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Aims To investigate the pharmacodynamics of milnacipran in healthy young and
elderly volunteers.
Methods Randomized double-blind crossover designs were employed and a
standardized psychometric battery was administered pre and post dose for both
studies. In the first study 10 healthy young volunteers received milnacipran 12.5 mg,
25 mg, 50 mg, 100 mg as a single dose or matched placebo. The test battery was
administered at baseline and at 1, 2, 4 and 6 h post dose. The second study compared
the effects of milnacipran 75 mg (50 mg+25 mg) per day, amitriptyline 50 mg
(25 mg+25 mg) per day and placebo for 3 days’ dosing in healthy volunteers aged
over 65 years. The test battery was administered at baseline and at 2, 10 and 24 h
post dose. The psychometric battery included critical flicker fusion (CFF), choice
reaction time (CRT), compensatory tracking (CTT) and tests of short-term memory
(STM), subjective sedation (LARS) and subjective sleep (LSEQ).
Results Milnacipran produced no significant dose related effects in the young
volunteers. For the elderly, milnacipran significantly (P<0.05) raised CFF scores
compared with placebo but had no significant effects on any of the other measures
used. Amitriptyline, in contrast, significantly (P<0.05) lowered CFF threshold,
lengthened CRT and increased error on the CTT. On the subjective variables,
LARS and LSEQ, amitriptyline increased ratings both of sedation and of difficulty
in waking from sleep.
Conclusions The results showed that milnacipran at single doses of up to 100 mg in
healthy young volunteers is free from disruptive effects on cognitive function and
psychomotor performance. In addition, milnacipran 75 mg (50+25 mg) appears to
be free of negative effects on cognitive function in elderly volunteers, where it
seemingly improves performance on CFF. In contrast, the tricyclic antidepressant
amitriptyline, used here as a positive internal control, significantly impaired
performance in the elderly on the majority of psychometric measures used in this
study. This finding not only validated the sensitivity of this current test battery but
also indicates the potential behavioural toxicity of amitriptyline in clinical use in
the elderly.
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(SNRIs). Milnacipran has been shown not to affect
Introduction

postsynaptic cholinergic, adrenergic, histaminergic H1,
dopaminergic D2 or serotonergic receptor sites [1–4].Milnacipran (1-phenyl-1-diethyl aminocarbonyl-

2-aminomethyl cyclopropane-2-hydorochloride) exerts The biochemical profile of milnacipran and its lack of
interaction with other neurotransmitters indicates that theits antidepressant activity by inhibiting the uptake of

serotonin (5-HT) and noradrenaline (NA) at presynaptic drug may be maximally effective in the treatment of
depression, while being free of the side-effects associatedsites and may therefore be regarded as one of the new

class of serotonin and noradrenaline reuptake inhibitors with other antidepressant drugs.
In clinical trials with depressed patients, milnacipran
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tricyclic antidepressants (TCAs) [7, 8] and the selective in healthy volunteers, compared with placebo. The
second experiment in healthy elderly volunteers wasserotonin reuptake inhibitors (SSRIs), fluvoxamine and

fluoxetine [9, 10]. designed to assess the effects on cognitive and psychomo-
tor function of a repeated dose of milnacipranApart from clinical efficacy the decision to prescribe a

particular antidepressant must also be based on its side- (50 mg+25 mg ‘boost’) compared with placebo and a
low dose of amitriptyline, a positive internal control,effect profile and although studies indicate that the TCAs

are effective in the treatment of severe depression [11, because of its known adverse effects on cognitive and
psychomotor performance in both patients [15] and12] the use of the SSRIs are more generally favoured

because of their superior tolerability profile [13, 14]. The volunteers [16].
nonspecific pharmacological action of TCAs has been
found to result in adverse behavioural and cognitive Methods
effects [15, 16] and in a variety of somatic adverse events

Subjectsincluding orthostatic hypotension, cardiac dysrhythmias
and tachycardia, convulsions, dry mouth, tremor and Ten healthy male volunteers with a mean age of 26.4 years
blurred vision [17, 18]. When compared with the SSRIs, (range 19–36) were recruited to the first study. Twelve
milnacipran was associated with a lower incidence of healthy elderly volunteers (7 males, 5 females) were
gastrointestinal disturbances and anxiety but with a higher recruited to the second study. Their mean age was
incidence of dysuria [19, 20]. Although the SSRIs as a 71.6 years (range 66–80).
group are relatively free of adverse behavioural effects All subjects were in good physical and mental health
[13, 15, 16] the profile of milnacipran is unknown. and free from concomitant medication. No volunteers

Behavioural toxicity is an aspect of tolerability which were dependent on social substances and all refrained
is often overlooked. It can be defined as the extent to from alcohol, caffeine and nicotine for a 24 h period
which a drug disrupts those abilities necessary for the safe prior to the study day and during the study day. All
performance of the cognitive and psychomotor tasks of subjects gave their written informed consent. Ethical
everyday life. A significant level of behavioural toxicity approval was obtained from the Ethics Committee of the
can also be countertherapeutic. It may exacerbate the Isle of Wight Area Health Authority and the studies were
cognitive dysfunction associated with depression, so carried out at the Royal Isle of Wight County Hospital.
hindering improvement of some of the psychological
manifestations of the illness [13, 21] and, in general terms,

Design and procedure
reduce compliance. The issue of behavioural toxicity is
especially important in the elderly. Pharmacotherapy for In the first study volunteers received milnacipran 12.5 mg,

25 mg, 50 mg, 100 mg or matched placebo in a ran-this age group presents a particular set of difficulties.
Pharmacokinetic profiles vary with age, and accumulation domized double-blind 5-way crossover design in which

each subject acted as their own control. The order ofof drug and active metabolites is frequently a feature of
use of a particular drug in the elderly [22]. The less treatment was randomized. Each medication was adminis-

tered at 09.00 h, following baseline measures on the testefficient metabolism and elimination in the elderly means
that the drug and/or its metabolites may persist in the battery. Assessments were repeated at 2, 4 and 6 h post

dose. Additionally, critical flicker fusion was administeredbody for longer. This may well increase the duration of
clinical activity, and/or result in a greater number or at 1 h post dose.

Volunteers in the second study received milnacipranincreased severity of undesirable side-effects which will
in turn lower tolerability. Furthermore it has been 75 mg day−1 (50 mg at 09.00 h and 25 mg at 13.00 h);

amitriptyline 50 mg day−1 (25 mg administered at 09.00suggested that there is an increasing sensitivity of the
brain, to psychoactive drugs with advancing age [23] and 13.00 h); and matched placebo. A randomized

double-blind three-way crossover design was employed,resulting in an augmented response for a given tissue
concentration. Certainly, geriatric patients are often very the use of latin squares ensuring balanced groups. The

dose regimen was chosen to reflect the clinical situationsensitive to drugs, and to their side-effects. The combi-
nation of these factors may result in a significant level of where 50 mg milnacipran would be given as the unit

dose with an ‘extra’ 25 mg ‘boost’ to ensure that adequatebehavioural toxicity—not a trivial matter in the elderly
in whom simple accidents such as falls can have very blood levels would be maintained during the investi-

gational period. Amitriptyline 50 mg day−1 is not aserious consequences [24].
Two experiments were conducted. The first experi- clinically recommended dose for depression but was used

primarily as a positive internal control to impair perform-ment was designed to assess the dose-response effects of
a single dose of milnacipran (dose range was ance on the psychometric tests and so establish the

validity of the test battery. Medication was given on each12.5 mg–100 mg) on cognitive and psychomotor function
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test day at 09.00 h and 13.00 h. The test battery was
Choice reaction time (CRT )

administered at predrug baseline and at 2, 10, 24, 48, 50,
58 and 72 h. All medications and placebo were packaged The CRT task [25, 29] is used as an indicator of

sensorimotor performance, assessing the ability to attendin identical capsules and at least a 7 day washout period
was allowed between each treatment period. Before and respond to a critical stimulus. Subjects placed the

index finger of their preferred hand on a central startingparticipation in both studies subjects were trained to a
performance plateau on the psychometric tests to avoid button, and were instructed to extinguish one of six

equidistant red lights, illuminated at random, by pressingany learning effects.
the response button immediately in front of the light
as quickly as possible. The mean of 20 consecutive
presentations was recorded as a response measure of threePsychometric test battery
components of reaction time: recognition, motor and

The test battery comprised previously validated tests total reaction time. Recognition reaction time (RRT) is
shown to be reliable measures of cognitive and psychomo- the time it takes for the subject to notice the light, being
tor function in pharmacodynamic assessments of psy- the time between stimulus onset and the subject lifting
choactive drugs. It consisted of : their finger from the start button. Motor reaction time

(MRT) indexes the movement component of this task,
and is the time between the subject lifting their finger
from the start button and touching the response button.Critical flicker fusion (CFF)
The total reaction time (TRT) is the sum of RRT and

The CFF task assesses the integrative capacity of the MRT. CRT is sensitive to a variety of psychoactive
central nervous system (CNS), and more specifically, the agents [27, 29] and to the effects of ageing [33].
ability to discriminate discrete ‘bits’ of sensory information
[25]. Subjects were required to discriminate flicker from Compensatory Tracking Test (CTT )
fusion, and vice versa, in a set of four light emitting diodes

This interactive task of psychomotor function entailsarranged in a 1 cm square. The diodes were held in
tracking a moving arrow on a VDU screen using afoveal fixation at a distance of 1 m. Individual thresholds
joystick. The response measure (RMS) was the meanwere determined by the psychophysical method of limits
deviation from the track program in pixels over a oneon three ascending (flicker to fusion) and three descending
minute trial period, with lower scores indicative of more(fusion to flicker) scales [26]. CFF has been shown to be
accurate tracking. A peripheral awareness task (PRT) wassensitive to psychoactive compounds [27] and to the
included in which the subject responded to a stimuluseffects of ageing [28]. A decrease in the CFF threshold is
presented in the periphery of vision, while simultaneouslyindicative of a reduction in the overall integrative activity
attending to the tracking test. The mean reaction time inof the CNS [29].
milliseconds to these stimuli over the trial period was
taken as the response measure for this component of the

Short-term memory (STM) divided attention task [34].

High speed scanning and retrieval from short-term
Line analogue rating scale for sedation (LARS)memory were assessed using a technique based on a

reaction time method [30]. Subjects memorized a random The LARS is employed as a measure of subjective effects
series of four digits (the stimulus set) which were of psychoactive drugs. Subjects marked a series of 10 cm
presented sequentially at a rate of 1.2 s per digit. One line analogue scales, indicating their present feeling with
second after the final digit of the stimulus set was regards to a mid-point, which represents their normal
presented an auditory warning signal sounded. This was state of mind before treatment began. The mean scores
followed by a series of 12 single probe digits. Subjects of ratings of ‘tiredness’, ‘drowsiness’, and ‘alertness’,
indicated whether each probe digit was contained within presented among several distracter scales, are taken as a
the original stimulus set or not, by pressing one of two measure of perceived sedation [35]. The higher the score
mouse buttons as quickly and as accurately as possible. (in mm), the less alert and more tired and drowsy the
The rate of presentation of the probe digits was subject feels.
determined by the subject’s rate of response. Twenty
trials were carried out. Response time and accuracy were

Leeds sleep evaluation questionnaire
recorded. Performance on the STM is sensitive to
psychoactive compounds [31] and to the effects of The LSEQ assesses the effects of psychoactive compounds

on sleep and early morning behaviour [25]. The subjectsageing [32].
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marked a series of 10 cm line analogue scales, indicating post hoc comparisons between treatment means were
performed, there were significant differences betweenthe direction and magnitude of any changes in behavioural

state they experience following the administration of a amitriptyline and placebo (CI 95%=−1.03, −0.25) and
between milnacipran and placebo (CI 95%=0.28, 1.07).drug. More specifically, the LSEQ considers the perceived

ease of getting to sleep, the quality of sleep, and any Compared with placebo, amitriptyline caused a significant
overall decline in CFF threshold while milnacipranhangover effect the following morning.

The LSEQ was used in experiment 2 only. significantly increased CFF threshold (Figure 1).
The RRT component of the choice reaction time task

was also significantly affected by treatment (F [2, 215]=Adverse events
8.85, P<0.05). Comparisons between treatment means

Adverse events were elicited by an open question, ‘Have
showed that amitriptyline caused a significant slowing of

you noticed anything different?’ Details were recorded
reaction time compared with placebo (CI 95%=21.43,

on the appropriate case record form.
69.59) whereas milnacipran was not significantly different
to placebo (CI 95%=−21.89, 26.27) (Figure 2).

Statistical analysis Similarly, there were significant treatment effects for
tracking accuracy (RMS) (F [2, 220]=15.27, P<0.05),Both experiments were analysed separately. Data were
subjective ratings of sedation (LARS) (F [2, 15]=11.31,entered as difference-from-baseline scores. This is an
P<0.05) and the AFS component of the LSEQ (F [2,alternative to analysis of covariance using baseline scores
55]=9.90, P<0.05). Post hoc comparisons of eachas the covariate [36]. Data on all the psychometric tests
treatment with placebo revealed that amitriptyline sig-were analysed using repeated measures analyses of variance
nificantly worsened RMS in the tracking test (CI 95%=with the factors treatment and time. Post hoc comparisons
0.99, 2.30), significantly increased subjective ratings ofbetween means were performed using two-tailed 95%
sedation (LARS) (CI 95%=2.71, 6.63) and produced aconfidence intervals. Means representing the levels of
significant increase in the difficulty of Awakening Fromeach factor were compared using Tukey’s LSD tests of
Sleep (CI 95%=0.68, 12.08) (Figure 3). Milnacipran wasleast significant difference.
not significantly different from placebo for tracking
accuracy (CI 95%=0.5, 0.8), sedation (CI 95%=−0.22,Results
3.70) or Awakening From Sleep (CI 95%=−12.26,0.86).

Experiment 1 Finally, there were no significant main effects of time
and no significant interactive effects between treatmentTable 1 shows the mean results of milnacipran 12.5 mg,
and time on any of the psychometric measures.25 mg, 50 mg, 100 mg and placebo for CFF, LARS,

The main adverse events reported by volunteers withSTM, RRT, MRT and RMS. There were no significant
amitriptyline were drowsiness (11) and dry mouth (3);main effects of treatment or time and no significant
with milnacipran, headache (9) and nausea (7); and withinteractions between these factors on any of the psycho-
placebo, drowsiness (6) and headache (6). Contrary tometric measures (P>0.05). Milnacipran was not signifi-
the first study which had no reports of headache followingcantly different to placebo and displayed no dose
milnacipran, headache was the most frequently reportedresponse effects.
adverse effect of milnacipran in the elderly. The numberThe main adverse events reported for milnacipran were
of reports of drowsiness was comparable for milnaciprannausea and vomiting, with four volunteers experiencing
and placebo, while amitriptyline was associated with anausea and three volunteers vomiting at the highest dose
significantly higher number of drowsiness reports.(100 mg). Vomiting occurred only at the highest dose

and nausea was less frequently reported for the lower
doses. There were two reports of nausea for milnacipran Discussion
50 mg, one report of nausea at 25 mg and none at

The data presented here demonstrate that milnacipran at12.5 mg. Four volunteers experienced a feeling of
doses of up to 100 mg daily in young volunteers and‘wellbeing’ at lower doses of milnacipran. There was one
repeated doses of 75 mg (50 mg and 25 mg) daily inreport of drowsiness for milnacipran which was present
elderly volunteers is free from disruptive effects on salientat the highest dose. Headache [1] and nausea [1] were
aspects of cognitive function and psychomotor perform-reported for placebo.
ance. For the young volunteers no dose-response effects
were observed with the drug, and there were no

Experiment 2
significant differences between milnacipran and placebo,
indicating that the molecule was intrinsically free fromThe results for the CFF task showed a significant main

effect of treatment (F [2, 220]=22.19, P<0.05). When detrimental effects and that increasing the dose (within
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Table 1 Means, with standard deviations
in parentheses, for cognitive and
psychomotor tests in experiment 1.

Time relative
to baseline Placebo Mil 12.5 mg Mil 25 mg Mil 50 mg Mil 100 mg

CFF (Hz)
0 29.4 (3) 29.7 (1.9) 29.8 (3.6) 28.4 (3.3) 29 (2.8)

+1 29.3 (3.4) 29.1 (2.3) 28.9 (3.6) 28.5 (3) 28.6 (3.3)
+2 28.3 (2.7) 27.8 (1.9) 28.6 (3.8) 27.8 (2.1) 28.8 (2.8)
+4 29.5 (3.3) 29.3 (1.7) 28.6 (3.7) 29.3 (2.5) 29 (4.1)
+6 28.7 (2.9) 29.1 (2.3) 29.1 (3.3) 29.1 (3.1) 23.6 (3.4)
LARS (mm)

0 50.9 (1.8) 45.9 (5.9) 51.5 (2.2) 51.7 (7.6) 56.3 (11.8)
+2 51.4 (4.3) 52.4 (5.4) 52.3 (3) 50.5 (6.1) 56.5 (8.6)
+4 49.4 (6.3) 55.1 (6.3) 52.9 (6.5) 52.6 (5.3) 53.1 (7.5)
+6 51.4 (7.4) 55.4 (4) 54.3 (8.5) 54.3 (4.1) 54.1 (8.2)
STM (ms)

0 414 (116) 413 (120) 446 (67) 446 (93) 438 (88)
+2 414 (90) 394 (88) 427 (77) 416 (90) 411 (85)
+4 405 (101) 409 (99) 420 (83) 407 (90) 433 (96)
+6 414 (35) 412 (94) 430 (81) 428 (129) 441 (87)
RRT (ms)

0 351 (44) 360 (52) 357 (48) 358 (52) 361 (50)
+2 353 (44) 362 (43) 356 (36) 362 (51) 368 (51)
+4 365 (66) 364 (29) 353 (52) 360 (61) 363 (52)
+6 371 (67) 357 (44) 353 (55) 359 (46) 370 (59)
MRT (ms)

0 136 (53) 135 (50) 140 (51) 146 (39) 132 (49)
+2 124 (45) 141 (54) 149 (69) 135 (46) 134 (46)
+4 124 (48) 134 (44) 134 (39) 131 (60) 117 (37)
+6 127 (52) 118 (49) 132 (43) 139 (52) 105 (45)
RMS (pixels)

0 110 (22) 109 (20) 101 (17) 98 (19) 111 (23)
+2 115 (14) 102 (26) 97 (19) 98 (26) 103 (23)
+4 104 (22) 117 (27) 100 (22) 108 (35) 106 (17)
+6 115 (16) 100 (20) 106 (19) 100 (26) 102 (22)
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placebo (2) cognitive function as measured by critical flicker
Figure 2 The effects of milnacipran (&), amitriptyline (+) andfusion (CFF). Higher scores represent better cognitive function.
placebo (2) on psychomotor performance as measured byValues are plotted as differences from baseline over time from the
recognition reaction time (RRT). Lower scores indicate fasterfirst dose on day 1. Milnacipran was significantly better than
performance. Values are plotted as differences from baseline overplacebo overall; amitriptyline was significantly worse.
time from the first dose on day 1. Amitriptyline produced
significantly slower RT than placebo overall. Milnacipran was not
significantly different from placebo at any time.the range studied) would be unlikely to produce any

significant change to psychomotor performance. In the
elderly group, milnacipran also showed no significant measure of central arousal. In contrast, a subclinical dose

of amitriptyline significantly lowered CFF threshold,impairing effects on any of the psychometric measures
used. Milnacipran significantly raised CFF threshold, a increased recognition reaction time, worsened RMS in
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falling masonry) and found that there was a significantly
greater representation of TCAs in the bloods from those
who were responsible for the accidents than those who
were not. Similar results were found for alcohol and
benzodiazepines. Despite a very poor tolerability profile
and a raised incidence of accidents, TCAs are widely
prescribed, even though the dose used is subclinical, for
the treatment of depression in the elderly [40, 41].

There is growing evidence that dual action antidepress-
ants, such as milnacipran and venlafaxine, which act to

Day of treatment
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Figure 3 The effects of milnacipran (&), amitriptyline (+) and increase both noradrenergic and serotonergic activity may
placebo (2) on subjective ease of awakening from sleep, as combine the efficacy of TCAs with the benign side-
measured by the AFS component of the LSEQ. A higher score effect profile of SSRIs [42, 43]. The results of the present
represents more subjectively perceived difficulty in waking up. studies show that milnacipran is without any notable
Values are plotted as differences from baseline, over the three

effects on a battery of psychometric tests designed todose days. There were no significant differences between
detect impairment in performance and countertherapeuticmilnacipran and placebo at any time point. Amitriptyline,
activity. The lack of adverse psychomotor effects ofhowever, produced greater subjective difficulty in waking

compared to placebo. milnacipran is a product of its pharmacological profile,
just as the behavioural toxicity of TCAs can be explained
via their intrinsic pharmacological action.

Given that that most antidepressants currently availablethe tracking test, and increased subjective ratings of
sedation and difficulty of Awakening From Sleep. are clinically efficacious and that the British Association

for Psychopharmacology guidelines [44] recommend thatThe difference in CFF threshold between milnacipran
and placebo was maintained for the duration of the study. prescription choice for antidepressants should be based

on side-effect profiles as well as clinical efficacy, thenSince a low CFF is a characteristic of depressive illness
[37], the ability of milnacipran to raise CFF is an milnacipran’s lack of countertherapeutic side-effects rep-

resents a considerable advantage in an antidepressant,encouraging feature for the clinical use of this drug. The
significant increase in CFF thresholds in the elderly, since impairment of mental function is not only a

component of depressive illness but also a cause ofwhich was not present in the young, is possibly associated
with the fact that healthy young volunteers are performing reduced quality of life, poor compliance and increased

accident risk.optimally to begin with while performance in the elderly
may be in decline. Hindmarch [28] has shown that CFF

This study was funded by Institut de Recherche Pierre Fabre,thresholds decrease with age and suggests that this decrease
81106 Castres, France.is a reflection of age related changes in information

processing capacity.
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