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Abstract

The increasing incidence of cardiovascular disease and subsequent depressive symptoms has
highlighted the potential for concomitant treatment of b-blockers and antidepressant medication.
It has been noted that both types of medications are associated with decrements in psychomotor
and cognitive performance. Thus, the aims of this study were to characterise the psychomotor
performance characteristics in a group of heathy male volunteers who received a single oral dose
of paroxetine 10 mg (an SSRI), pindolol 5 mg (a b-blocker), a placebo and a combination of
paroxetine and pindolol. It was hypothesised that concurrent administration of single doses of
paroxetine and pindolol will result in a significant decrease in psychomotor performance.

The study was conducted as a double blind, placebo controlled, four-way cross over study.
To assess the psychomotor effects of the administered drugs, the participants were required to
perform the critical flicker fusion frequency task (CFF), choice reaction time task (CRT), Bond-
Lader visual andlogue scale of mood (VASM) and the digit-symbol subgtitution test (DSST). A
significant effect between condition and time for CRT (F(3)= 7.918, p<0.001), CFF (F(3)= 2.459,
p<0.05), and DSST(F(3)= 2.488, p<0.05) tests was found, which indicated that a decrement in
psychomator performance over time had occurred after concurrent administration of paroxetine
and pindolol together. The explanation for the drug-drug interaction is not clear from this study,
but may be due to one or more factors, such as a pharmacokinetic or pharmacodynamic
interaction.
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Introduction

Depresson is a commonly diagnosed psychological disorder. It is edtimated to
affect 3-4% of the adult population a some point in ther lives (Brick & Erickson,
1998). Affecting individuas of al ages, depresson may be detected in patients who
dislay changes in ther socid functioning, motor behaviour, emctiond dates,
cognition and motivation. It is suspected that the onset of depresson is due to excess
neurotransmitter receptor dtes, thus leading to intringcdly lower levds of gspecific
monoamine neurotrangmitters, namely serotonin (5-HT) and noradrendine (NA) which
normaly contribute to producing an overdl sense of wedl being (Nevid, Rathus &
Greene, 2000). Therefore, in order to inhibit the reuptake and incresse the release of
NA and 5-HT, antidepressants work by decreasng the number and sengtivity of
receptors, thus decreasng dsgns of depresson in patients (Carvey, 1998). Severd
classes of antidepressants exidt, each increasng neurotranamitter levels via different
mechaniams. Sdective serotonin-reuptake inhibitors (SSRIs), one of the newer, more
potent and less toxic treatments, exert ther effects by increesng levels of 5-HT
ecificaly in vitro and in vivo (Leonard, 1992; Kerr, Fairweather, Mahendran &
Hindmarch, 1992).

Cardiovascular disease has dso increased in incidence in recent years. As a result
of improved medicad trestments for these disorders there is an increased incidence of
aurvival after myocardia infarction and Stroke. Beta-adrenergic receptor antagonists
(b-blockers) are commonly prescribed to treat patients after myocardid infarction and
adso individuds with hypertenson, arrhythmias and angina, and work to decrease the
heart rate and blood pressure in individuas (Chavey, 2000; Smith & Bdl, 2000). They
are aso currently used to treat other conditions such as performance anxiety, migraines
and hyperthyroidism (Y udofsky, 1992).

Individuds suffering from cardiovascular disease quite often present  with
symptoms of depresson following a myocardid infarction (Raskin, Veth, Banes &
Gumbrecht, 1982). Between 18%-60% of patients suffering coronary artery disease
(CAD) dso auffer from depresson (Mussdiman, Evans and Nemeroff, 1998).



Furthermore symptoms of depresson are both a risk factor contributing to the
devdlopment of cardiovascular dissase and influence survival  following myocardia
infarction (Frasure-Smith, Lesperance and Tagjic, 1993). Co-occurrence of depression
and heart disease is likely to be a rdatively common presentation with both disorders
requiring medication (Avorn, Everitt and Weiss, 1986). A drug-drug interaction, with
adverse consequences, in such circumstances is a didinct posshbility. This may occur
by avariety of centrd and periphera mechanisms.

Central Mechanisms of Interaction

The centrd nervous system plays a key role in coordinating sensory and motor
sysems, which in turn drive psychomotor performance behaviour (Hawley, McPhee,
Quick & Smith, 1997). A decrement in functioning of psychomotor behaviours has
been noted in individuds suffering psychologicd disorders such as depression.
Adminigration of psycho-active drugs such as antidepressants can further exacerbate
imparment of psychomotor performance. Furthermore, b-blockers directly affect
central adrenergic activity and as a result are associated with centrd nervous system
(CNS) effects such as insomnia, depressed mood, vivid dreams, cognitive impairment
and sedation (Waal, 1967; Y udofsky, 1992).

Psychomotor performance encompasses skills and responses such as measures of
centrd arousa, vigilance, reaction times and motor coordingtion. Tests such as
criticd flicker fuson (CFF) and choice reaction time (CRT) have been designed to test
for differences on these parameters as a result of sedative drug adminigtration.  Drugs
that impair psychomotor performance are said to be psychomotor toxic as they impair
the organisationa processes of the CNS, which works to integrate the sensory and
motor systems (Hawley, McPhee, Quick & Smith, 1997). Antidepressants have been
shown to impar psychomotor performance in hedthy volunteers. For example, the
tricyclic antidepressant  (TCA) dothiepin had a seddive effect and impared
performance on psychomotor tests involving measures of CNS arousd, sensorimotor
performance, short-teem memory and psychomotor function in hedthy volunteers
(Fairweather, Ashford and Hindmarch, 1996).

Antidepressants  impair  visud SHective  dtention as measured by deayed
regponses to periphera and centrally placed targets in tracking tests (Weingtein,



Wilson, Baley and Nutt, 1996; Smiley, 1987). This pattern of a decrement noted in
detection of peripherd targets is replicated in individuds suffering Parkinson's disease.
The SSRI paoxetine may be associaed with an imparment in  psychomotor
performance, which is dose dependent (Kerr, Fairweather, Mahendran and Hindmarch,

1992; Hawley, McPhee, Quick and Smith, 1997; Dechant and Clissold,1991). As
measured by visud andogue scdes, paroxetine may lead to fedings of drowsness.
Furthermore, paroxetine associated fedings of fatigue, dizziness and visud
disturbances, suggest such events may be associated with impairments in psychomotor
performance (Hawley, McPhee, Quick & Smith, 1997; Preskorn, 1997).

The effects of the beta-blocker propranolol on psychomotor functioning have
been investigated (Broadhurst, 1980a; 1980b; McDevitt, 1985; Betts et da.,1985),
Decreased complex reaction times followed propanolol adminigtration. However, this
psychomotor performance impairment was dose dependent. McDevitt (1985) adso
indicated that lower doses of propranolol (40mg) have a greeter effect on imparment
of psychomotor performance than higher doses (320mg), that may reduce b-blockade
effects on psychomotor functioning. Some of the main sde effects dicited by beta
blockers, such as lowered blood pressure, increased sedation and interference with the
body's adrenergic dress response, dl of which decrease sensory/cognitive awareness
and reactions, may play key roles in the imparment of psychomotor behaviours
(Dimsdale, Newton & Joist, 1989; Glaister, 1981). Furthermore, propranolol has been
documented to be respongble for changes in mood and even the onset of halucinations
(Glaister, 1981; Hinshelwood, 1969).

Peripheral Mechanisms of Interaction

Detrimentd  effects of pharmacokinetic drug interactions of SSRIs a a
consequence of their effects on the metabolism of other drugs have been reported
(Richelson, 1997). SSRIs are extensvely metabolised and detoxified by cytochrome
PA50 (CYP) isoenzymes of the liver, however they dso inhibit these enzymes. One of
the man isozymes involved in the metabolism and clearance of psychoactive drugs is
CYP2D6. Inhibition of CYP isoenzymes and CYP 2D6 in paticular is the leading
cause of drug-drug interactions, and snce enzyme inhibition is dose-dependent, higher

dosages result in greater inhibition. As a result of this inhibition, metabolism of other



drugs in the liver such as b- blockers (which are dso metabolised by CYP2D6) would
dso be affected (Preskorn, 1997). Occurrence of increased drug concentrations
indicates that potentidly serious interactions may teke place eg., enhanced Sde effects
of either or both drugs.

It has been wel documented that paroxetine is a potent inhibitor of the CYP2D6
isoenzyme, and thus, of its own metabolism (Hiemke & Hartter, 2000; Jeppesen et d,
1996; Lane, 1996; Preskorn, 1997; Richdson, 1997). During chronic administration
increased blood concentrations of paroxetine may occur resulting in increased Sde
effects (Hiemke & Hartter, 2000).

Specific centrd interactions occur when b-blockers such as pindolol are co-
precribed with SSRI antidepressants like paroxetine. This is due to their effectiveness
in augmenting the onset of action and efficacy of SSRIs through the enhancement of
serotonergic transmission (Bordet, Thomas & Dupuis, 1998). Both drugs compete a 5
HT receptors blocking reuptake to increase release, with studies now indicating that
pindolol has 5-HT1A receptor antagonistic properties aong with its beta blocker
activity ((Haddjeri, de Montiigny & Blier, 1999; Tome, Issac, Harte & Holland, 1997;
Zanardi et d, 1997). The readiness with which drugs cross the blood brain barrier
further indicates ways in which dinicdly rdevat drug-drug interactions may occur.
Findolol, dong with paroxetine is lipophilic in nature, thus penetrating the blood brain
barier very ficiently and extensvely. There is convincing evidence for a centrd
action and the suggestion of more cognitive sde effects such as seddion or lethargy
occurring than noted in nonlipophilic sedetive drugs or if the drugs were taken
individudly (Dimsdae, Newton & Joist, 1989; Gengo, Huntoon & McHugh, 1987).

Since both SSRIs and beta-blockers each sgnificantly contribute to side effects
relating to psychomotor impairment and are dose dependent, co-adminidration may
further increese imparment of psychomotor performance due to the interactions
occurring either in the Iver (metabolic) or a 5HT receptor sites (central). Few studies
have been conducted on interactions between antidepressants and b-blockers, and the
potential effect they may pose to psychomotor performance skills, notably driving a
motor vehicle. Based on dudies invedtigating the individud contributing effects of
antidepressants and beta-blockers on imparment in psychomotor performance, it is



suspected that adverse effects could occur if the two treatments were taken
Smultaneoudy.
Aim
The ams of the current invedtigation were to characterise the psychomotor

peformance effects in a group of hedthy mae volunteers who receved sngle ord
doses of paroxetine, pindolol and placebo aone and together.

Hypothesis
Based on previous dudies indicating the known metabolic profile of the SSRI

antidepressant  paroxetine and b-blocker pindolol, it was hypothessed that the
concurrent adminigration of sngle paroxetine doses of 10mg and single pindolol doses
of 5mg would result in asgnificant decrease in psychomotor performance.

Method
Participants
Hedthy mae volunteers aged 18-45, and a weight range within 15% of the mean

weight conddered ided for heght were recruited among the genera public by
recruitment pogers. Volunteers must have presented with normd findings from pre-
study laboratory tests and pre-sudy physicd evaudions and have serum leves of
ALAT, ASAT, ganmma-GT and creatinine under the upper normd laboratory limit. As
pat of the sdection procedure to determine volunteer suitability and digibility for the
sudy, completion of a baitery of screening questionnaires covering emotiona  status
and medicd histories was required. These screening questionnaires comprised the
Generd Hedth Quedionnaire (GHQ), Life Higsory Questionnare and Subject
Quedtionnaire.  Excluson criteria were psychiatric or medica disturbances. Once
volunteers have been deemed suitable candidates for study participation, a written
Statement of Informed Consent document was read and signed and participants were
provided with a Paticipant Information Sheet and given the opportunity to ask
questions regarding the study.

Volunteers were required to present as drug free, agree to refrain from taking any
concomitant medications or recreationa drugs throughout the testing period, and from

consuming dcohol, caffeine or tobacco within 48hrs prior to testing. Women were not



included in the study due to the possble effects of mendruation. Ethics approva was
obtained from the Drug Trids Sub-Committee and the Human Research Ethics
Committee a Augtin & Repatriaion Medicad Centre, Heildelberg. Volunteers were not
naive to the ams and but were naive to the hypothess of the study. At any time during
the study, for any reasons, volunteers were free to withdraw. All information, induding
coded participant data collected during the course of the study was kept in a secured
locked filing cabinet and stored under a password protected computer data base.

Materials

To test pharmacodynamics, a battery of four psychomotor and cognitive
functioning tasks was administered to participants. The tet battery included The Leeds
Psychomotor Performance Tester, comprisng Criticd Ficker Fuson (CFF) and
Choice Reaction Time (CRT) tasks. Subjective tasks included the Digit Symbol
Substitution Test (DSST) and the Bond-Lader Visud Anaogue Scde of Mood and
Alertness (VAS) measuring intdlectud ability (VASI), physicd ability (VASP) and
tranquillisation effects (VAST).

Pharmacodynamic Assessment: Tasks of Measurement and Materials

In order to assess psychomotor function and vigilance, dl tests were specificaly
sendtive to the effects of sedative drugs. If there was to be an effect exhibited at the
administered dose level, these tests were the most gppropriate tests to indicate such an
outcome. The Leeds Psychomotor Tester is an apparatus used to perform the CFF and
CRT testsin hedthy controls or patient samples (Hindmarch, 1994).

1. Critical Flicker Fusion (CFF)

Results obtained in the CHF task indicate centrd cortical arousad and adertness. A
flashing red eectroluminescent diode with varying frequency is presented to subjects.
The speed of centrad nervous system information processng during the increasing
frequency phase is measured via the threshold frequency (Hertz) or fuson frequency,
the point a which volunteers perceve a flashing light to become a continud
illumination (Hawley, McPhee, Quick & Smith, 1997). The volunteers ae then
required to indicate ther flicker threshold, the point a which the flickering is agan
detected during the decreasing frequency phase. Both thresholds are congtant amongst

subjects. Thetest ran for three minutes and the result was evaluated based on the mean



vdue for dgx dtending increesng and decreesng phases.  Psychomotor
imparment was indicated via decrements within CFF threshold detection. Certain rules
were gpplied during the course of the CFF test to ensure standard conditions were met:

(1) snce phydcd characteridics of the simulus (light source intensty, light/darkness
ratio) vary from one gpparatus to the next, the same apparatus was used throughout the
study;

(2) atificid lighting conditions were kept congant in the test room,

(3) phonic insulation was adequate;

(4) volunteers wore corrective lenses if they had refraction disorders;

(5) a congant distance of 30cm was kept between the subject’'s eyes and the light
source.

2. Choice Reaction Time (CRT)

The CRT task measures the mean reaction times to simuli via the speed of the
subject’s motor response (milliseconds) to a specific visud sensory cue. Volunteers are
required to keep the index of their dominant hand on a switch, which they then quickly
activale when a red diode is illuminaed, whilst ignoring Smultaneous and random
presentation of twenty-one other mideading cues, with intervals of 1 to 3 seconds
between simuli (Hawley, McPhee, Quick & Smith, 1997). The test took about one
minute to complete. Psychomotor impairments were indicated via increased resction
times.

3. Bond-Lader Visual Analogue Scale of Mood and Alertness (VAS)

The Visud Andogue of Scde Mood and Alertness (VAS) quedionnaire is a
subjective measure of 16 analogue scaes comprising three factors to assess persond
experiencesfedings of odf-rated dertness (physca-VASP), odf-raed cadmness
(tranquillity-VAST) and sdf-rated contentment (intellect-VASI). This test has proven
sengitivity to awide range of compounds (Bond & Lader, 1974).

4. Digit Symbol Substitution Test (DSST)

The DSST is a pencil/paper test that is administered to assess the number of
correct digit/symbol subdtitutions the volunteer correctly dlocates in a limited time 30
seconds. A legend of symbols with an dlocated letter is displayed, and volunteers are



required to subgtitute as many symbols as possble with the corrdated letter. Results
were indicaiive of the number of subditutions, aong with the number of correct
subdtitutions (Wechder, 1955). Thus, impared individuas reflected increased errors
and low substitution scores.

Sudy Design and Procedure

Drug treatments were administered according to a double blind, four-way, crossover
trid desgn. Volunteers were given four experimenta doses of placebo, pindolol
(Viken 5mg taolets), paroxetine (Aropax 10mg tablets) and a combination of
pindolol/paroxetine. All volunteers received each of the four orad doses in a counter-
balanced order.

Once volunteers had satisfied sdection criteria for the dudy, they were then
required to travel to the testing venue a the Depatment of Psychiatry, Augin and
Repatrigtion Medicd Centre in Heiddberg, ariving 8am, having fasted after midnight
the previous night and having not consumed breskfast on each day of sudy. A light
breskfast and lunch were provided for al volunteers. Four one-day treatment sessions
were scheduled over a four- week period, with a wash-out period of 7 days between
testing days. Each sesson lasted gpproximately 9 hours, during which volunteers were
required to participate in the four psychomotor tests.

Volunteers were then familiarised with the standard psychomotor performance tasks
until a plateau in peformance level was reached. The basdine data for each test was
collected a the commencement of each sesson, hdf an hour prior to drug
adminidration. Testing of psychomotor performance was then repeatedly assessed
following randomised administration of drug doses of ether placebo, pindolol (5mg),
paroxetine (10mg) or pindolol/paroxetine at intervals 30 mins after breskfast and prior
to dosing, then 2, 4 and 8 hours after dosing. Once the find test had been completed at
the end of each day, volunteers were given taxi vouchers to return home until required

for the next sesson. Subjects were not permitted to drive home under any
crcumstances. Following completion of 4 days of testing, a subsequent medica
examinaion was conducted in order to determine that volunteers had no lasting effects
from the drugs administered.
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Safety

Prior to acceptance and within 72 hours following completion of the current study,
haematology, blood biochemistry and urindyss tests were peformed on Al
individuals. Depending on clinical indications, tets were aso peformed outsde of
these given time frames.

Any abnormadlities detected by volunteers or the investigator defined as adverse
events, which encompass dlinicd symptoms/sgns that may develop or worsen under
treetment, as indicated in laboratory tests or in vitd sSgns detected during routine
evauations, were promptly reported. An adverse event form was on hand to report
such occurrences, whereby severity was to be evaluated on a three-point scale (1=mild;
2 = moderate; 3 = severe). The causal reationship between the event and the study
drug would have been classified as excluded or not excluded.

Satistical Data Analysis

The current study implemented a randomised, double blind, placebo controlled,
four-way crossover desgn. A four-factor repested measures andyss of variance
(ANOVA) datidicd testing procedure with one grouping factor (psychomotor
peformance following sedative drug adminigtration) and two repeated factors
(treetment and time of testing) was used for the main andyss. Data was subjected to
withinrsubject  ANOVA. The completed model included psychomotor task, drug
treetment and time of testing. Prior to andyses, the Visud Andogue Scde of Mood
and Aletness (VAS) was log transformed in order to account for nor-norma
digribution of scores. Statidtical testing for adl andyses was conducted at dpha
confidence levels of 0.05 and nomograms relaing power, sample sze and effect sze
for a two taled tet were avalable. At this levd of sgnificance and with a difference
of 40% for the overdl mean in psychomotor tests, it was caculated that a minimum of
sample sze of 12 subjects were required to detect this difference with a power of
around 80%. Such a sample sze adso provided a datidicaly sgnificant difference with
alow probability of aTypell error.

The independent variables were the drug dosage amounts administered to
participants during the course of tegting, and the times at which tests were conducted (
-05, 2, 4, and 8 hours). Dependent variables were the differences between the test
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vaues for each of the four tasks & 2, 4 and 8hrs following drug adminigtration and
basdline performance.

Mauchly’s tests of sphericity were used to test for normd variance. If violaions
within sphericity tests were detected, a Greenhouse-Geisser correction was used. Pair-
wise comparison andyses were then conducted in order to determine where the

differences lay.

Results

Critical Flicker Fusion
The CFF thresholds for each participant under each condition at each sample time

were obtained. The data was collaled and summay datistics including the means,
dandard deviations and standard erors of the means were determined. The CFF
threshold means and standard errors for each condition a each time point are depicted in
Figure 1.
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Figure 1. Means and standard erors for CFF threshold in relaion to time of drug

adminigtration across drug conditions.

Inspection of the data indicates that the combination condition resulted in lower CFF
threshold scores compared to al other conditions over the first three time periods. A
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repeated measures with-in subjects ANOVA showed a dgnificant man effect of
condition F(3) = 3.731, p<0.05, and time F(3) = 21.554, p<0.001 on CFF threshold
vaues. The interaction observed between condition and time was dso sgnificant F3) =
2.459, p<0.05. As there was a dgnificant effect of the drug received on the participants
performance, pair-wise comparisons were performed to determine when these differences
occurred. The mean CFF threshold score for the combination condition was found to be
ggnificantly lower than dl other conditions a 4 hours after drug adminidration. At 8
hours, pindolol had a dgnificantly higher CFF threshold than the paroxetine condition. A
second pair-wise comparison was conducted to detect the effect of time within each of
the conditions. The CFF threshold scores observed at 8 hours were significantly greater
compared to dl other time points within both the combination and placebo conditions.
Scores a 4 hours were significantly lower than scores at basdine and at 8 hours for the
paroxetine condition.
Choice Reaction Time

CRT scores for each participant under each condition a each sample time was
obtaned. Daa was collaed and summary datigics including the means, standard
deviations and standard errors of the means were determined. The CRT score means and
standard errors for each condition at each time point is depicted in Figure 2.
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Figure 2. Means and dandard errors for CRT scores in relaion to time of drug

adminigtration across drug conditions.

Figure 2 suggests that at times 2, 3 and 4 reaction times were greater for the combination
condition than al other conditions To determine whether these differences were
ggnificant a repeated measures withrin subjects ANOVA was performed. A violation of
the Mauchly’s test of Sphericity for time was observed. The Greenhouse-Geisser
correction was used for this measure. A sgnificant main effect of condition on CRT was
observed F(3) = 4.661, p<0.05, and a sgnificant main effect of time was aso observed
F(3) = 12.285, p<0.01. Furthermore, the interaction between condition and time was aso
sggnificant F(3) = 7.918, p<0.001. As there was a dgnificant effect of condition on the
paticipants  performance, par-wise comparisons of condition across time were
conducted to determine when these differences occurred. Reaction times were
ggnificantly longer for the CRT task for the combinaion condition compared to dl other
conditions a 4 hours. A second pair-wise comparison was conducted to detect the effect
of time within each of the conditions. The CRT scores observed a 4 hours were
sgnificantly greater than dl other time points within the combinaion condition.
Reaction times recorded a 8 hours were dso sgnificantly greater to those a basdine
within the combination condition.
Digit-Symbol Substitution Test

DSST scores for each participant under each condition a each sample time was
obtaned. Daa was collaed and summary datigics including the means, standard
deviations and standard errors of the means were determined. The DSST score means and
standard errors for each condition at each time point is depicted in Figure 3.
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Figure 3. Means and standard erors for DSST scores in relation to time of drug
adminigration across drug conditions.

Figure 3 suggests that at dl times DSST scores were the greastest for the placebo
condition compared to dl other conditions. To determine any dgnificant differences
between drug conditions a repested measures withrin subjects ANOVA was conducted
which showed a dgnificant main effect of condition on DSST scores F(3) = 10.081,
p<0.001, and aso time on this measure F(3) = 9.610, p<0.001. The interaction observed
between condition and time was dso dgnificant F(3) = 2488, p<0.05. As there was a
gonificant effect of drug on the paticipants peformance, par-wise comparisons of
condition across time were peformed to determine when these differences occurred.
DSST scores were found to be dgnificantly lower for the combination condition
compared to dl other conditions a 4 hours. Pindolol was found to have resulted in
ggnificantly lower DSST scores than paroxetine and placebo at 4 hours.  An additiona
difference was found between the placebo and combination conditions both a 2 and 8
hours, where the combination of drugs resulted in a sgnificant decrease in DSST scores
compared to placebo. A second pair-wise comparison was conducted to detect the effect
of time within each of the conditions. Scores a 4 hours were sgnificantly lower than al
other time points within the combination condition. For pindolol, scores a 4 hrs were

ggnificantly lower than were those a basdine and a 8 hours. Scores were significantly
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lower at 4 hours compared to 8 hours for the placebo group, and at 4 hours compared to
basdline for the paroxetine condition.
Visual Analogue Scale of Mood — Intellectual Ability (Factor 1)

Scores for the VASl factor were obtained for each participant under each
condition a each tes time. Daa was collated and summary datigics including the
means, standard deviations and standard errors of the means were determined. The Visud
Analogue Scale score means and standard errors for the Intellectud ability factor for each
condition a each time point is depicted in Figure 4.
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Figure 4. Means and stlandard errors for Visuad Analogue Scale scores (Factor 1) in

relation to time of drug adminitration across drug conditions.

The data suggest that the placebo condition resulted in incressed Visua Andogue Scae
ratings for the Intellectud Ability Factor compared to al other conditions over dl sample
times. A repested measures with-in subjects ANOVA showed a sgnificant main effect
of time on VAS K(3) = 19.779, p<0.001. Furthermore no significant main effect of
condition F(3) = 2.430, p>0.05, or interaction between condition and time F(3) = 0.734,
p>0.05 were observed. A par-wise comparison was conducted to detect the effect of
time within each of the conditions. The VAS scores were found to vary sgnificantly
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across time for dl drug conditions including placebo. At 4 hours scores were significantly
lower than scores a 8 hours for dl drug conditions. Scores a 4 hours were significantly
lower than basdline scores for the pindolol, paroxetine and combination conditions.

Visual Analogue Scale of Mood — Physical Ability (Factor 2)

Scores for the VASP factor were obtained for each participant under each
condition a each tes time. Daa were collaed and summay datistics incuding the
means, standard deviations and standard errors of the means were determined. The
Visud Andogue Scde score means and standard errors for the physicd ability factor for
each condition at each time point is depicted in Figure 5.
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Figure 5. Means and standard erors for Visud Andogue Scae scores (Factor 2) in

relation to time of drug adminigtration across drug conditions.

The daa suggest tha smilar Visud Andogue Scde ratings for the Physcd Ability
Factor were observed for each drug condition a each test adminigtration time. A
repeated measures with-in subjects ANOVA showed a violation of the Mauchly’s test of
Sphericity for time, condition and time by condition. A Greenhouse-Geisser correction

was used for these measures. No dgnificant main effects of condition F(3) = 0.978,

17



p>0.05, time F(3) = 1.157, p>0.05, or the interaction between condition and time F(3) =
1.123, p>0.05 on VASP scores was observed.
Visual Analogue Scale of Mood — Tranquillisation Effects (Factor 3)

Scores for the VAST factor were obtained for each participant under each
condition a each tes time. Daa was collated and summary datigics including the
means, standard deviations and standard errors of the means were determined. The Visud
Anaogue Scale score mean and standard error for each condition at each time point is
depicted in Figure 6.

140 7

100 A

Bplacebo

80 1 .
® pindolol

Oparoxetine

o . )
50 4 combination

Factor Score

40 4

20 1

Time (hours)

Figure 6. Means and standard erors for Visud Andogue Scae scores (Factor 3) in

relation to time of drug administration across drug conditions.

The data suggest no red trend in Visud Andogue Scde raings for the Tranquillisation
Effects Factor between conditions over test adminidration times. A repested measures
withrin subjects ANOVA showed no dgnificant main effect of condition on VAST F(3)
= 0404, p>0.05. Furthermore, no sgnificant main effect of tme F(3) = 0.742, p>0.05,
or the interaction between condition and time F(3) = 1.454, p>0.05 was observed.
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Discussion

The hypothess tha the concurrent adminigtration of paroxetine and pindolol
would result in a dgnificantly grester decrement in psychomotor performance than
exclusve single doses of the two drugs was supported by the results of the CFF task, the
CRT task and the DSST. All factors of the Visud Andogue Scae falled to demondrate
any dgnificant differences between drug conditions a any time. The results indicated
that reaction times were sgnificantly increased for the CRT task, CFF thresholds were
ggnificantly reduced and more erors were made on the DSST, 4 hours &fter the
adminigration of the combination of drugs when compared to the placebo, paroxetine
and pindolol conditions. The totd number of subgtitutions and correct subgtitutions made
in the DSST were dso sgnificantly decreased in the pindolol condition, 4 hours after
drug adminisiration, compared to the placebo and paroxetine conditions.

The reaults of the CFF task indicate that centra arousd is decreased more
ggnificantly by the combination of drugs then by pindolol, paroxetine or placebo
adminisered alone. The decreased CFF threshold scores observed are indicetive of
imparments in information processng, visua sengtivity and CNS aousd. The results
of the CRT task adso indicate that the combination of drugs has a dSgnificantly greater
sedative effect than pindolol and paroxetine when they ae adminigered done.
Sensorimotor  coordination and  attentional monitoring  abilities are ggnificantly impaired
by the combinaion of drugs again indicating that such polypharmacy has pronounced
centrd effects. The results of the DSST indicate that the combination of paroxetine and
pindolol has a ddeerious centrd sedative effect, with cognition being dgnificantly
dtered. Interedtingly pindolol, while not affecting psychomotor performance as much as
the combination of drugs, resulted in a dgnificantly greater decrement in DSST scores
than paoxetine and placebo. Without pharmacokingtic information, a tentative
explanation is that paroxetine potentiated the effect of pindolol when the drugs were
administered concurrently.  Paroxetine may potentiate the adready greater deficit due to
pindolol by inhibition of the CYP2D6 isoenzyme, effectivdly inhibiting the metabolism
of pindolol. Alternatively the absorption of pindolol or its total body clearance may be
affected, resulting in an increese in the plasma concentration of pindolol, and greater
psychomotor effects in the combination condition.
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Although pharmacokinetic parameters were not measured some further tentative
conclusons can be made from the daa Most of the ggnificant differences in
psychomotor performance due to drug conditions occurred 4 hours (time 3) after
adminigration. This is a or near the known maximum plasma concentration for pindolol
and/or paroxetine. Pindolol, which is a lipophilic molecule, is able to cross the blood
brain barier with relative ease and speed and therefore the maximum CNS disturbances
are expected to occur proxima to the maximum plasma concentration of the drug (Rosen
& Kostis, 1985).

An dtenative explanation for the pattern of results obtained is based on
pharmacodynamic effects a central receptor sStes of action. Impared psychomotor
performance from the combination may be due to synergidic effects of pindolol and
paroxetine on central serotonin receptors. One potentid Ste of action is the 5-HTia
receptor. Pindolol acts as an antagonis a this auto-receptor, which results in an
accumulaion of 5-HT in the syngptic deft.  Although this drug interaction has been
noted to increase the antidepressant effect of paroxetine (Tome et d., 1997; Zanardi et d.,
1997), the effect on psychomotor performance has not been established. Without blood
plasma concentration levels of ether drug it is impossble to confirm or rule out any
pharmacokinetic or pharmacodynamic explanations.

For the CFF and CRT tasks, no differences were observed between the pindolal,
paroxetine and placebo conditions. The DSST however, indicated deficits in
psychomotor performance in the pindolol condition compared to the paroxetine and
placebo conditions 4 hours after drug adminidration. The literature surrounding the
seddive effects of antidepressants contains varying results. While sgnificant deficits in
psychomotor peformance have been observed in a number of dudies usng
antidepressants, the findings that the newer SSRIs have a reduced sde effect profile
appear to be supported by the current study (Hawley et d., 1997). Similarly, b-blockers
have been found to consgtently impair psychomotor performance but only in a dose and
tempordly dependent fashion (Dimsdale et d., 1989). It appears that the psychomotor
deficits due to the adminigration of pindolol might be so amdl as only to be evident in
the most sensitive test used.
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The results suggest that there is evidence for decreased psychomotor performance
due to the combination of paroxetine and pindolol. However, this is not evident in al
tests of psychomotor performance used. Only the objective tests, rather than the
ubjective andogue scaes, showed any difference between drug conditions. It may be
that the dternative tests measured different aspects of psychomotor performance and
therefore care must be taken in generdisng the results from the particular tests used to dl
areas of psychomotor performance. The CRT task, which measures sensory and motor
system coordination and attentiond monitoring ability, is a good objective measure of
seddtive effects. Likewise, the DSST is sendtive to changes in cognition due to sedative
effects, and is perhaps the most sendtive test, as differences between the combination
condition and placebo were additiondly observed & 2 and 8 hours after drug
adminigration.  Also, differences between the pindolol condition and paroxetine and
placebo were also observed using this test. The CFF test dso messures sedative effects
on information processng and CNS arousd and is more contingent on visud senstivity.
It appears that the visud system may dso be dgnificantly atered by the combination of
drugs and, lower CFF thresholds have previoudy been found with the lipophilic b-
blockers, metoprolol and propranolol, 2-5 hours after drug adminigtration (Gengo et. d.,
1987; McDevitt, 1985). This is condgtent with the current results and suggests that the
larger effect found from the combinaion of drugs might be due to poteniation of the
effects of pindolol by paroxetine. The extent to which each test measures periphera and
central effects could adso have had a bearing on the results obtained. b-blockers have
been shown to impar muscle activity and thus the results of the CRT task and the DSST
may have smply reflected a deficit in the muscle-activated response rather than CNS
effects (Broadhurst, 1980b). However, b-blockers have dso been found to have
pronounced central depressant actions such as depresson, disuption of deep
architecture, hdlucinations and subjective sedation (Broadhurst, 1980a; Glaister, 1981,
Kodis et d., 1990). This, together with the fact that pindolol and paroxetine are both
lipophilic, suggests that they access the CNS readily and that deficits in psychomotor
performance can be explained, at least in part, by centrd effects.

Although other studies have found the Bond-Lader Visud Andogue Scde to be a
good indicator of changes in subjective sedation (Kerr e d., 1992) no changes were
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detected in this study. Perhaps these neasures are not sengitive enough to detect changes
in sedation of the magnitude detected by the CFF, CRT and DSST tasks. Although there
was a dgnificant increese in subjective intdlectua imparment for the VAS-M
(intelligence factor) over time with each drug, this decresse was aso observed in the
placebo group suggesting that the dgnificant main effect of time was smply a reflection
of diurna varigion. The trend of greater subjective reports of intelectud imparment 4
hours after drug adminigration may have had more to do with boredom and diurnd
vaiation in lethargy and fatigue then the drugs themsdves. It cannot be concluded that
the lack of ggnificant findings for the VAS-M is due to a lack of interaction, and it is
possible that this observation was due to the acute low doses administered (as discussed
below). It could be that the DSST, CRT and CFF tests are more sengtive to the periphera
changes that occur as a result of sedative drug adminigration and the subjective anadlogue
scaes are only sendtive to CNS dterations. These tests may aso prove more useful over
a longer time frame. Another consderation when using subjective raings is the influence
of sociad desrability and experimenter expectations on the participant's responses. If the
participant believed that the drugs taken were sedative in nature and the experimenter
expected them to show dgns of increased drowsiness, a higher degree of subjective
sedation may have been reported.

Some of the inconsgencies in the present sudies findings may be due to
methodological problems. The firgt potentid problem of the experimentd desgn was the
doses of paroxetine and pindolol used. The doses used are sub-therapeutic. Doses of 15
20mg as opposed to the present 5mg for pindolol and 20mg as opposed to 10mg for
paroxetine are commonly used thergpeuticaly (Dechant and Clissold, 1991; Dimsdde et
d., 1989). Doses in the norma thergpeutic range were not used in the present study in
order to minimise the mgor sde effects of nausea, vomiting and hypotenson.  While it
has been found that only doses of paroxetine higher than the norma thergpeutic range
impair psychomotor performance (Robbe & O'Hanlon, 1995), some studies suggest that
lower doses of lipophilic b-blockers result in more dgnificant deficits in psychomotor
performance than higher doses (McDevitt, 1985). These findings are consstent with the
results from the DSST. The dose used in the present study was an acute dose unlike the
chronic dosing that occurs thergpeuticdly. It may be that with chronic dosing, whereby
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deady doate plasma concentrations are attained, greater psychomotor deficits than
reported here may occur. Alternatively, chronic dosng may result in an increase in
tolerance to the drug and a reduced side effect profile over time, as observed with the b-
blocker propranolol in the study by Broadhurst (1980b). A further methodological
problem could be the smal sample sze utilised resulting in a low power and an increased
probability of a Type Il error, which may provide an explanation of the non-sgnificant
findings where graphicd representation has suggested an effect of drug condition on
psychomotor peformance. Although drict excluson criteria were used, this li was not
exhaudive and could not have ruled out every possble confounding factor. No
condderation of differing levels of the CYP2D6 enzyme in participants was teken which
could have dgnificantly affected the inter-individud metabolism of the drugs
dgnificantly dtering the reaults in such a smal sample. A 40-fold or greater variation
between individuds in drug plasma concentrations has been demondrated for most
psychotropic drugs (Lane, 1996). There are genetic differences in hepatic metabolism
with a smal proportion (5-10%) of poor metabolisers, with reduced rates of metabolism
for subdtrates metabolised by the CYP2D6 isoenzyme, in the Caucasian population. If the
present sample contained one of these individuds the results may have been sgnificantly
biased (Leonard, 1992). Poor metabolisers would have greater plasma concentrations
and would be expected to have an exaggerated pharmacologic response (Nemeroff,
DeVane & Pollock, 1996).

The frequency of testing may dso have limited the conclusons that can be drawn.
Although ggnificant differences between drug conditions on psychomotor performance
were condgently detected a 4 hours after drug adminigration, the duration of
performance deficits either gde of this time cannot be accuratdly determined from the
present sudies data.  As sgnificantly greater deficits in psychomotor performance for the
combination condition compared to placebo were detected at 2, 4, and 8 hours after drug
adminigration, sgnificant differences in the pindolol and paroxetine conditions may aso
have occurred shortly after 2 hours and immediately prior to 8 hours. The pesk plasma
concentration for paroxetine has been found to occur at approximatey 5 hours after

adminigration, so it is posshble that deficits in psychomotor performance may have been
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detected a around this time if pharmacodynamic tests were performed (Dechant and
Clissold, 1991).

Future dudies should am to resolve some of the methodologica problems
encountered in the present study in order to fully characterise the drug interaction of
pindolol and paroxetine in terms of pharmacokinegtics as wel as pharmacodynamics.
Studies that measure the pharmacokinetic profile of each drug, including plasma
concentration, pesk concentration, time of peak concentration and biocavailability, should
be undertaken to definitivdy cdarify when the maximum blood concentrations of the
drugs occur. Both pharmacokinetic and pharmacodynamic tests should be undertaken
more frequently than in the present study to further eucidate the tempora components of
the drug interaction. Studies usng a lager number of subjects would minimise the
chance that a confounding factor, such as differences in hepaic metabolism, might bias
the results.  Alternatively, participants could be screened genotypicaly or phenotypicaly
for CYP2D6 activity. This task could prove rather expensive and arduous because of the
large degree of variance between individuas in the population (Lane, 1996). Longer-
term sudies should aso be conducted whereby the drugs are chronicaly adminigtered in
thergpeutic doses.  Despite the complexities in usng femdes in such pharmacokinetic
dudies due to their mendrud cycle, the differentid dterations in sedaion due to drug
adminigration in femdes is another area tha warrants investigation, as there is some
evidence that plasma concentrations of SSRIs are lower in maes (Preskorn, 1997). The
differentid increases in plasma concentrations of paroxetine in the dderly is another
condderation with increases of 50-100% having been observed in populations of 65-75
year olds (Preskorn, 1997). This has important implications as it is this group who are
more likdy to be receiving concomitant b-blocker trestment and more likdy to be
adversdy affected by the eevated concentration of drugs.

It gppears from this Sudy that there is a sgnificant drug interaction when pindolol
and paroxetine are adminisered concurrently which results in a ggnificant degree of
CNS depresson when compared to adminigration of the drugs done. This has important
implications for the population as the prescription of antidepressants and b-blockers
becomes more common.  Physcians should be aware of the dangers involved in

concurrent adminigration of such agents. Impared psychomotor performance may

24



donificantly affect the execution of skilled movements involved in everyday life
Cognitive, sedative and motor imparments and changes in visud sengtivity may affect
driving abilities and those <kills involved in the operation of machinery.  Different
combinations of these classes of drugs should be fully explored to establish if there is an
efficacious and safe combinaion of the two. If dudies continue to reved impared
psychomotor performance due to this drug interaction dternative anti-hypertensve drugs,
with reduced side effect profiles, may need to be consdered for patients dready receiving
antidepressants.
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Summary Statistics for CFF Threshold Scores.

Drug Time (hrg) Mean SD. SEM. N
Placebo 0 28.13 7.14 2.52 12
2 28.35 7.27 257 12
4 29.46 4.59 1.62 12
8 33.64 5.15 1.82 12
Pindolol 0 31.56 5.36 1.89 12
2 30.48 6.50 2.30 12
4 28.14 6.58 2.33 12
8 34.79 5.60 1.98 12
Par oxetine 0 31.21 413 1.46 12
2 29.41 3.98 1.41 12
4 28.37 4.58 1.62 12
8 32.53 5.29 1.87 12
Combination 0 25.82 5.52 1.95 12
2 27.84 4.53 1.60 12
4 22.46 7.13 2.52 12
8 33.99 3.94 1.39 12

Summary Statistics for CRT Scores.
Drug Time (hrs) Mean S. D. SEM. N
Placebo 0 0.40 0.07 0.03 12
2 0.40 0.06 0.02 12
4 0.41 0.06 0.02 12
8 041 0.07 0.02 12
Pindolol 0 0.42 0.06 0.02 12
2 0.44 0.07 0.02 12
4 0.52 0.15 0.05 12
8 0.42 0.04 0.01 12
Par oxetine 0 0.42 0.05 0.02 12
2 0.45 0.08 0.03 12
4 0.45 0.07 0.03 12
8 0.40 0.04 0.02 12
Combination 0 041 0.05 0.02 12
2 0.46 0.05 0.02 12
4 0.64 0.13 0.04 12
8 0.46 0.05 0.02 12
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Summary Statistics for DSST Scores.

Drug Time (hrg) Mean SD. SEM. N

Placebo 0 74.88 9.25 3.33 12

2 75.25 15.01 531 12

4 70.75 11.31 4.00 12

8 77.50 10.86 3.84 12

Pindolol 0 70.50 14.96 5.29 12

2 56.88 19.65 6.95 12

4 59.75 15.46 5.47 12

8 73.00 11.16 3.95 12

Par oxetine 0 69.75 12.62 4.46 12

2 68.00 8.85 3.13 12

4 65.75 12.50 4.42 12

8 72.25 0.88 3.49 12

Combination 0 31.38 11.31 4.00 12

2 61.50 10.78 3.81 12

4 46.38 19.86 7.02 12

8 67.75 14.39 5.09 12

Summary Statistics for VAS-M I ntellectual Ability Scores.

Drug Time Mean SD. SEM. N
(hrs)

Placebo 0 481.47 56.43 19.95 12

2 435.21 50.21 17.75 12

4 400.39 75.13 26.56 12

8 456.04 47.08 16.64 12

Pindolol 0 442.46 59.50 21.04 12

2 362.72 108.94 38.52 12

4 291.21 156.64 55.38 12

8 443.10 66.90 23.65 12

Par oxetine 0 456.29 34.45 12.18 12

2 359.95 84.08 29.73 12

4 302.74 131.80 46.60 12

8 440.19 57.85 20.45 12

Combination 0 461.84 55.44 19.60 12

2 398.54 50.50 17.85 12

4 276.41 118.12 41.76 12

8 391.48 91.19 31.89 12
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Summary Statistics for VAS-M Physical Ability Scores.

Drug Time (hrg) Mean SD. SEM. N
Placebo 0 272.24 19.62 6.94 12
2 270.17 29.84 10.55 12
4 251.69 34.34 12.14 12
8 269.02 30.32 10.72 12
Pindolol 0 273.90 36.63 12.95 12
2 261.31 30.53 10.79 12
4 224.12 79.89 28.25 12
8 273.34 33.22 11.74 12
Par oxetine 0 263.79 28.57 10.10 12
2 234.97 59.36 20.99 12
4 236.15 70.77 25.02 12
8 277.58 28.20 9.97 12
Combination 0 273.80 29.78 10.53 12
2 265.53 33.07 11.69 12
4 233.53 62.27 22.02 12
8 256.69 29.00 10.25 12

Summary Statistics for VAS-M Tranquillisation Effect Scores.
Drug Time (hrg) Mean St. Dev St. Error N
Placebo 0 110.35 12.93 4,57 12
2 112.53 13.39 473 12
4 120.24 15.60 5.52 12
8 113.22 18.07 6.39 12
Pindolal 0 123.64 13.39 473 12
2 110.85 21.04 7.44 12
4 107.98 39.03 13.80 12
8 106.82 21.87 7.73 12
Par oxetine 0 111.22 21.59 7.63 12
2 107.43 23.75 8.39 12
4 128.02 14.16 5.01 12
8 118.44 13.94 493 12
Combination 0 119.56 16.94 5.99 12
2 115.79 21.26 7.52 12
4 114.90 21.68 7.67 12
8 118.89 14.12 499 12
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