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Abstract

Normal aging has been associated with impaired performance in verbal fluency suggesting a prefrontal temporal cortical network (PFTCN)
deficiency. In this study, we investigated the effects of a 2-month treatment period with a dopaminergic agonist (DA) on PFTCN function. Forty
healthy, elderly volunteers were assessed on semantic and phonemic verbal fluency after two months of a placebo or a DA treatment (i.e. piribedil
50 mg/day) in a double-blind crossover design. Protocols were scored considering clustering, (i.e. production of words within semantic or
phonemic categories, depending on the integrity of temporal lobe), and switching (i.e. the ability to shift between clusters, depending on frontal
lobe functioning). Results revealed no significant main effect of the DA treatment on either verbal fluency variables but showed a significant
interaction with working memory capacities, with high-capacity span subjects improving phonemic switching on DA whereas low-capacity span
subjects performed more poorly on the drug than off. These data are consistent with the literature and confirm the crucial link between working
memory capacities and dopamine agonist effects. The present study also provides evidence that pharmacological remediation of age-related
cognitive decline has to be taken into consideration.
© 2006 Elsevier Inc. All rights reserved.
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1. Introduction

Verbal fluency is one of themost commonly neuropsychological
tasks used in clinical practice and experimental protocols. This task
requires subjects to generate as many words as possible in a limited
amount of time for a given letter (phonemic fluency) or a given
category (semantic fluency). Although measures of verbal fluency
primarily tap language functions and depend on lexico-semantic
store integrity, it is now well established that they also involve
executive processes. According to Dursun et al. (2002) verbal
fluency tasks are likely to involve an important part of a widely
distributed neural network, namely the prefrontal temporal cortical
network (PFTCN). Other studies have also suggested a multiple
Abbreviations: DA, Dopaminergic agonist; DRS, Mattis Dementia Rating
Scale; DSST, Wechsler Adult Intelligence Scale-Revised Digit Symbol
Substitution Test; MMSE, Mini-Mental State Examination; PET, Positron
Emission Tomography; PFTCN, prefrontal temporal cortical network.
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brain region involvement of the tasks, with semantic fluency tasks
relying upon temporal-lobe processes such as verbal memory and
word storage, whereas phonemic fluency tasks rely upon frontal-
lobe processes such as strategic search processes, cognitive flexi-
bility, and shifting (Troyer et al., 1997). In normal aging, a specific
pattern of performances has been demonstrated. Several studies
showed a reduction in the total number of words produced in
semantic fluency tasks (Kempler et al., 1998;Kozora andCullum,
1995; Tombaugh et al., 1999; Tomer and Levin, 1993), whereas
phonemic fluency performance has been found to be spared
(Bolla et al., 1990; Lamar and Resnik, 2004; Ruff et al., 1996;
Tomer and Levin, 1993). However, this pattern has not always
been observed (Dursun et al., 2002; Kozora and Cullum, 1995;
Tombaugh et al., 1999) and a meta-analysis (Loonstra et al.,
2001) has shown a deleterious effect of age on phonemic fluency.
Thus, when consideringmerely the dissociation between semantic
and phonemic fluency and the overall performance (number of
words generated in a limited amount of time) it remains unclear
whether verbal decline occurring in normal aging originates from
a reduction of the lexico-semantic store integrity or from impaired
strategic retrieval search processes.
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Consistent with the idea that verbal fluency is a multifactorial
task and that a simple dissociation between semantic and pho-
nemic fluency is unlikely to capture the real complexity of the
underlying processes, Troyer et al. (1997) proposed a qualitative
analysis method for analysing verbal fluency protocols. They
suggested that optimal performance on fluency tasks, reflected as
the total number of words generated, relies on the use of a com-
bination of two main processes: (1) clustering corresponds to the
production of words within semantic or phonemic categories, and
depends on the integrity of temporal lobe; (2) switching reflects the
ability to shift to a new category, and relies on frontal lobe
functioning. According to these authors, an optimal fluency
performance requires the production of clusters of semantically or
phonemically related words, and once a subcategory is exhausted,
switching to another. By applying methods for measuring switch-
ing and clustering, converging evidence for the hypothesis, ac-
cording to which switching processes are related to frontal lobe
functioning and clustering processes to the temporal lobe, has been
obtained. Thus, clustering and switching have been found to be
differentially impaired in patients with neuropsychological
disorders. Clustering processes appear to be mostly impaired in
temporal brain damage patients (Troyer et al., 1998a), partial
temporal seizure patients (N'Kaoua et al., 2001) and Alzheimer
disease patients (Beatty et al., 2000; Beatty et al., 2002; Tröster
et al., 1998; Troyer et al., 1998b). Conversely, switching processes
appear to be impaired in patients with frontal brain damage
(Troyer et al., 1998a), as well as in Parkinson disease (Raskin et
al., 1992; Tröster et al., 1998; Troyer et al., 1998b), Huntington
disease (Ergis et al., 1998; Ho et al., 2002; Rich et al., 1999;
Tröster et al., 1998), schizophrenia (Robert et al., 1998; Zak-
zanis et al., 2000) or depression (Fossati et al., 2003).

Few studies have been carried out concerning the qualitative
analysis in verbal fluency performance in older adults. Results
showed an age-invariance or a small increase of clustering in
phonemic fluency tasks and a decrease in the number of switches in
semantic tasks (Troyer, 2000; Troyer et al., 1997) suggesting that
age differences in semantic fluency arise specifically from a
switching deficiency, whereas semantic memory components, as
assessed by clustering, appear relatively age-insensitive. Accord-
ingly, these results are in agreement with the frontal-lobe theory of
cognitive aging (West, 1996; 2000). Furthermore, many neurop-
sychopharmacological studies support this view by showing a
decline of the prefrontal dopaminergic transmission with age
(Ichise et al., 1998; Inoue et al., 2001; Kaasinen and Rinne, 2002;
Rinne et al., 1993; Volkow et al., 1996; Wang et al., 1998; Wong
et al., 1997).

The effects of dopamine depletion on cognitive functions have
been largely documented through Parkinson's disease (Kaasinen
and Rinne, 2002; Zgaljardic et al., 2003). For instance, Lewis
et al. (2005) recently showed that working memory deficits —
especially manipulation—were related to dopamine depletion in
Parkinson's disease. However, very little is known about the
effects of the natural course of dopamine depletion in normal
aging.Volkow et al. (1998), using PositronEmission Tomography
(PET) scanning and the competitive dopamine receptor antagonist
[11C]-raclopride in healthy volunteers, demonstrated an associa-
tion between striatal dopamineD2 receptor density and behavioral
measures of frontal lobe functioning. These authors found a strong
correlation between D2 receptor binding and tests of executive
functioning that require abstraction and mental flexibility
(Wisconsin Card Sorting Test), or selective attention and response
inhibition (Stroop Color–Word Test). Comparable results were
obtained by Bäckman et al. (2000) who showed an association
between striatal dopamine D2 receptor binding and performance
in two tests measuring attention and speed of processing.

Consequently, we could assume that enhancing dopaminer-
gic activity may improve frontal lobe functioning. Thus, several
studies have investigated the effects of various dopaminergic
agonists (DAs) on the cognitive functions of young subjects.
For instance, piribedil, a D2/D3 receptor agonist, was shown to
improve reaction time, immediate and delayed free recall and
dual coding tasks performance in young healthy volunteers
(Schuck et al., 2002). Bromocriptine, a selective D2 receptor
agonist, was shown to facilitate working memory processes
(Kimberg et al., 1997; Luciana and Collins, 1997; Luciana et al.,
1998). Finally, Kimberg and D'Esposito (2003) showed a
deleterious effect of pergolide, a D1/D2 receptor agonist, on
phonemic verbal fluency and a beneficial effect on delayed-
recall tasks for subjects with greater verbal working memory
capacities. Interestingly, these authors found that high-span
healthy adults improved their delayed-memory performance on
pergolide, while low-span healthy adults performed better on
placebo; they suggest that the effects of DAs could differ
depending on verbal working memory capacity of the subjects.

Surprisingly, very few studies explored the effects of DAs in
older adults. In 1975, Scholing and Clausen compared the
effects of piribedil and a placebo in a 14-week open-label
double-blind trial; they found a beneficial effect of piribedil on
memory, attention and speed of information processing.
Nagaraja and Jayashree (2001) showed that piribedil improved
Mini-Mental State Examination scores in older adults with mild
cognitive impairment. Finally, in a recent study, Peretti et al.
(2004) found that a 2-month treatment period with piribedil was
likely to enhance components of cognitive skill learning (i.e.
learning to solve and acquiring a problem solving routine) as
assessed by repeated testing on the tower of Toronto task.

The aim of the present studywas to investigate the effects of the
dopamine receptor agonist piribedil on verbal fluency in healthy
elderly volunteers. Since the age-related decline of brain dopamine
levels has been clearly linked to measures of frontal lobe
functioning, we assumed that it is responsible for the switching
processing deficit observed in older adults. Therefore we hypo-
thesized that enhancing dopaminergic activity in older adults
would improve their verbal fluency performance by increasing
switching capacities, whereas it would have no effect on clustering
processes which are dependant upon temporal structures.

2. Methods

2.1. Subjects

Fifty-four native-French-speaking older adults were recruited
by advertisements in order to take part in a larger research pro-
tocol. All of them underwent a comprehensive medical
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examination for past or current health problems and a neu-
ropsychological screening battery. Seven subjects were excluded
from participation because of the presence of neurological disease
(mainly Alzheimer's disease) or medication with psychoactive
drugs. During the study, 3 subjects (6.38%) withdrew because of
adverse events of the treatment (mainly nausea or gastrointestinal
symptoms) and were not included in the analyses below. Another
4 subjects discontinued testing for personal reasons, leaving a
total number of 40 subjects.

Age of the included subjects ranged from 65 to 82 years with a
mean of 72.65 years (S.D.=4.78). The proportion of female
subjects was 60% and themean level of education was 10.50 years
(S.D.=2.44). The Mini-Mental State Examination (MMSE;
Folstein et al., 1974) and the Mattis Dementia Rating Scale
(DRS; Mattis, 1976) were used as screening measures for ab-
normal cognitive decline. Mean MMSE was 28.25 (S.D.=1.29)
and mean DRS total score was 140.15 (S.D.=2.87). All subjects
scored above standard cutoffs [24, 129, respectively (Folstein
et al., 1974; Monsch et al., 1995)].

The protocol was approved by the local ethics committee
(CPP of Champagne-Ardenne). After complete description of
the study to the subjects, written informed consent was obtained.

2.2. Study design and assessment instruments

The study design was placebo-controlled and double-blind
with piribedil and placebo treatment. Subjects were randomly
assigned into two parallel sub-groups. Each sub-group received
one of the following substances orally: piribedil 50 mg extended-
release or a placebo (one capsule per day for two months). Be-
cause piribedil is an agonist mostly for D2-like family receptors, it
appears well positioned to improve frontal lobe functioning. The
choice of this drug and dosage was also made according to
previous studies (Nagaraja and Jayashree, 2001; Peretti et al.,
2004) and with the view that it was likely to give less adverse
reactions and to be associated with a sustained blood-level over
days of treatment.

Subjects were tested on three occasions: once at baseline,
once after two months of the first treatment, and once after two
months of the second treatment according to a crossover pro-
cedure. The cognitive performance of all subjects was assessed
during the baseline period before assignment to double-blind
treatment. The cognitive assessment was performed in the
following order, and included: (a) the Mini-Mental State Ex-
amination (Folstein et al., 1974); (b) The Mattis Dementia
Rating Scale (Mattis, 1976); (c) a test of episodic memory
(Ergis et al., 1994) adapted from the Grober and Buschke's
procedure (Grober and Buschke, 1987). This test consisted in a
16 to-be-learned items with an immediate free recall in order to
control encoding, three free recalls, each immediately followed
by cued recall for items not retrieved at free recall. Total recalls
are defined as the sum of free and cued recalls; (d) a working
memory span, assessed using WAIS-R digit span subtest
(Wechsler, 1981). This test requires listening to increasingly
longer lists of digits presented for immediate recall in either the
exact order presented (forward span) or in the reverse order
(backward span). Scores represent the maximum number of
digits that can be retained for each condition; (e) the Wechsler
Adult Intelligence Scale-Revised Digit Symbol Subtest (DSST)
(Wechsler, 1981), a test of psychomotor speed and attention
requiring subjects to rapidly code a series of nonsense symbols
matching with numbers in 90 s; and (f ) verbal fluency tasks
(Cardebat et al., 1990), which are described below.

Because of the pharmacokinetic property of the chosen form
of the DA (i.e. piribedil extended-release), time between
cognitive testing and drug administration or time of day were
not controlled. Nevertheless, subjective feelings of alertness and
calmness were assessed at the beginning of each testing session
using visual analogue scales derived from Bond and Lader
(1974). Compliance with medication during the 2-month treat-
ment period was also recorded.

2.3. Verbal fluency tasks

Both semantic and phonemic verbal fluency tasks were
administered. In the semantic task, subjects were instructed to
generate in 2 min as many different names of animals as possible.
In the phonemic task, subjects were required to generate as many
words as possible beginning with the letter P in 2 min, excluding
proper name and variants of the same word (e.g. conjugation of a
same verb). The order of presentation of the taskswas the same for
all subjects, with the phonemic task administered first.

Four scores were obtained for each fluency task: (1) the total
number of words generated excluding perseverative errors and
intrusive errors; (2) the mean cluster size; (3) the number of
switches; and (4), according to Tröster et al. (1998), the number of
switches divided by the number of words generated was also
calculated to take into account the overall performance. The
scoring procedure for switching and clustering was similar to the
one used by Troyer et al. (1997). In brief, phonemic clusters
consisted of successively generated words — including perse-
verations and intrusions— beginning with at least the same first
two letters (e.g. foot, food), differing only by a vowel sound (e.g.
foot, fat), rhyming (flight, fight) or homonymous. In the semantic
task, clusters consisted of generated words belonging to the same
semantic subcategory, such as farm animals, insects, pets….
Cluster size was counted beginning with the second word in each
cluster and mean cluster size was calculated for the phonemic and
the semantic tests. Phonemic and semantic switches were
calculated as the number of transitions between clusters, including
single words. Detailed rules for scoring switching and clustering
can be found elsewhere (Gierski and Ergis, 2004; Troyer, 2000;
Troyer et al., 1997).

All protocols were scored by the same experimenter (i.e. first
author), blind for treatment.

2.4. Data analysis

Socio-demographic characteristics, cognitive functioning and
verbal fluency performance of groups at baseline were compared
using the appropriate cross-sectional statistics (independent
sample t test or χ2). To test for a main effect of piribedil, a series
of repeated measure analysis of variance (ANOVAs) were
conducted with treatment order (piribedil first or second) as the



Table 1
Demographic variables, cognitive variables and verbal fluency performances at
baseline according to treatment order groups

Measure Piribedil first
(n=20)

Placebo first
(n=20)

p-value

Age (years) 73.10 (5.07) 72.20 (4.57) 0.56
Education level (years) 10.90 (2.63) 10.10 (2.25) 0.31
Percentage female 40.00 80.00 0.01⁎

MMSEa 28.60 (1.47) 27.90 (1.02) 0.09
Mattis DRSb 139.95 (2.65) 140.35 (3.13) 0.66
Working memory

Forward digit span 6.05 (0.83) 5.85 (0.99) 0.49
Backward digit span 4.75 (0.97) 4.25 (1.07) 0.13

Episodic memory
Immediate free recall 15.05 (1.05) 14.95 (1.28) 0.79
Sum of free recalls 29.80 (4.59) 28.60 (6.73) 0.51
Sum of total recalls 46.20 (1.82) 45.70 (2.66) 0.49

DSSTc 41.15 (8.80) 43.65 (11.52) 0.44
Semantic fluency

Words generated 32.35 (6.52) 29.20 (6.77) 0.14
Cluster size 2.06 (1.11) 1.94 (0.90) 0.70
Switches 11.05 (3.59) 10.15 (2.87) 0.39
Switches/word 0.35 (0.11) 0.36 (0.11) 0.78

Phonemic fluency
Words generated 23.20 (5.15) 20.45 (4.95) 0.10
Cluster size 0.36 (0.39) 0.33 (0.33) 0.79
Switches 17.10 (3.51) 15.55 (5.54) 0.30
Switches/word 0.76 (0.16) 0.76 (0.16) 0.97

Values in parentheses are standard deviations of the mean.
Significant effects indicated with (⁎).
a Mini-Mental Status Examination.
b Dementia Rating Scale.
c Digit Symbol Substitution Test.
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between-subjects factor and with drug (placebo versus piribedil)
as the within-subjects factor. Complementary post-hoc analyses
were conducted using Tukey's Honest Significant Difference
(HSD) test. All analyses were conducted using the SPSS
Table 2
Summary of results

Measure Placebo mean Piribedil mean p (drug) Placebo

Semantic fluency
Words generated 31.75 (7.78) 31.47 (7.70) 0.77 30.05 (8.
Cluster size 1.66 (0.64) 1.72 (0.85) 0.68 1.49 (0.
Switches 11.62 (3.15) 11.75 (4.17) 0.85 11.82 (3.
Switches/word 0.37 (0.10) 0.38 (0.13) 0.77 0.40 (0.

Phonemic fluency
Words generated 24.60 (7.12) 24.63 (7.68) 0.98 23.91 (7.
Cluster size 0.38 (0.35) 0.38 (0.36) 0.93 0.30 (0.
Switches 17.63 (6.10) 17.73 (5.68) 0.88 18.00 (6.
Switches/word 0.72 (0.15) 0.73 (0.15) 0.64 0.76 (0.

DSSTa

Raw score 44.77 (10.93) 44.00 (10.87) 0.21 42.86 (11
VASb

Alertness 75.10 (14.80) 73.15 (15.38) 0.19 76.00 (16
Calmness 76.75 (17.38) 67.90 (20.96) 0.01⁎ 77.41 (16

Values in parentheses are standard deviations of the mean.
The p-values represent the significance of drug effects and span by drug interaction
a Digit Symbol Substitution Test.
b Visual Analogue Scale.
Statistical package for windows (SPSS version 10.0.7). Signif-
icance level was set at p<0.05.

3. Results

3.1. Main effect of piribedil

Table 1 summarizes the demographic characteristics of the
two treatment order groups (i.e piribedil first or placebo first) at
the baseline assessment as well as their average performance on
cognitive variables and verbal fluency. There were no
significant differences among groups for age or education
level. There were also no differences in terms of overall
cognitive performance as assessed by the MMSE and the Mattis
DRS. Working memory, episodic memory, speed of information
processing and verbal fluency performances were also compa-
rable. Nevertheless, there was a significant difference between
sex-ratio (χ2 =6.67, df=1, p=0.01), the proportion of females
was higher in the group of placebo first than in the group of
piribedil first. To examine the consequences of this confound,
preliminary treatment order×gender analyses were performed
on all dependent variables. This analysis revealed no significant
effect of gender or treatment order×gender interaction on any
variable. To facilitate description, the data were combined for
male and female subjects.

To test for a main effect of piribedil we performed a series of
repeated measure analyses of variance (ANOVAs) with
treatment order (piribedil first or second) as between-subject
factor and with drug (placebo versus piribedil) as a repeated
measure (Table 2). First of all, results revealed a significant
effect on subjective ratings of calmness (F(1,38)=7.88,
p=0.01) which indicates that the subjects' feeling of calmness
was lower when taking piribedil. No other drug effect was
significant. These results could not be explained by differences
in the mean compliance with medication during the two-month
low Piribedil low Placebo high Piribedil high p (span×drug)

24) 28.86 (7.34) 33.83 (6.84) 34.67 (7.04) 0.64
62) 1.71 (0.81) 1.87 (0.61) 1.73 (0.92) 0.24
30) 10.63 (3.59) 11.39 (3.03) 13.11 (4.52) 0.06
11) 0.38 (0.14) 0.34 (0.09) 0.39 (0.14) 0.13

22) 22.45 (7.01) 25.44 (7.10) 27.28 (7.81) 0.04⁎

34) 0.37 (0.39) 0.51 (0.40) 0.39 (0.32) 0.10
52) 16.32 (5.71) 17.00 (5.87) 19.44 (5.31) 0.001⁎

14) 0.73 (0.14) 0.67 (0.15) 0.73 (0.16) 0.05⁎

.26) 42.32 (10.80) 47.11 (10.33) 46.06 (10.90) 0.93

.62) 75.86 (16.92) 74.00 (12.61) 69.83 (12.94) 0.20

.20) 70.04 (22.51) 75.94 (19.18) 65.28 (19.21) 0.79

effects, significant effects indicated with (⁎).



Fig. 1. Drugs interactions with older adults span-level's on mean number of
switches of phonemic fluency (means±S.E.M.), ⁎p<0.05.
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treatment periods among groups (F(1,38)=0.27, p=0.61;
piribedil first mean compliance: 95.59%±6.16; piribedil second
mean compliance: 94.63%±5.46).

3.2. Interaction with working memory capacities

According to Kimberg and D'Esposito (2003) we examined
interactions with subjects' verbal working memory capacities.
The forty initial older adults group was then divided into sub-
groups bymedian split with the span level, resulting in a subgroup
of 22 low-span subjects (<5) and a subgroup of 18 high-span
subjects (≥5). As shown in Table 3, there were no significant
differences in age, level of education or sex-ratio among groups.
As expected, there was a significant difference in backward digit
span (split variable). In addition, the low-span group performed
more poorly than the high-span group on the MMSE (t (38)=
4.27, p=0.001) and the Mattis DRS (t (38)=2.11, p=0.04).
However episodic memory, speed of information processing and
verbal fluency performances at baseline were comparable for the
two groups. There were also no differences in treatment order
(χ2=1.57, p=0.21) and in the mean compliance with medication
during the two-month treatment period (F(1,38)=1.09, p=0.30;
low-span mean compliance: 95.97%±5.42; high span mean
compliance: 94.06%±6.15).

We performed a series of repeated measure ANOVAs with
treatment order (piribedil first or second) and span level (low or
high by median split) as between-subject factors, and with drug
(placebo versus piribedil) as within-subject factor (Table 2). On
Table 3
Demographic variables, cognitive variables and verbal fluency performances at
baseline according to span level groups

Measure Low-span (n=22) High-span (n=18) p-value

Age (years) 72.27 (4.74) 73.11 (4.93) 0.59
Education level (years) 10.90 (2.47) 11.00 (2.40) 0.25
Percentage female 63.63 55.55 0.61
MMSEa 27.59 (1.22) 29.06 (0.87) 0.001⁎

Mattis DRSb 139.32 (3.11) 141.17 (2.23) 0.04⁎

Working memory
Forward digit span 5.91 (0.92 6.00 (0.91) 0.75
Backward digit span 3.73 (0.46) 5.44 (0.70) 0.001⁎

Episodic memory
Immediate free recall 14.91 (1.19) 15.11 (1.13) 0.59
Sum of free recalls 29.14 (6.27) 29.28 (5.14) 0.94
Sum of total recalls 46.14 (2.21) 45.72 (2.37) 0.57

DSSTc 40.18 (10.57) 45.11 (09.30) 0.13
Semantic fluency
Words generated 29.77 (8.02) 32.00 (4.72) 0.30
Cluster size 1.85 (0.96) 2.18 (1.03) 0.29
Switches 10.68 (3.54) 10.50 (2.93) 0.86
Switches/word 0.37 (0.11) 0.34 (0.12) 0.40

Phonemic fluency
Words generated 21.00 (5.33) 22.83 (4.94) 0.27
Cluster size 0.35 (0.33) 0.34 (0.39) 0.95
Switches 15.55 (5.12) 17.28 (3.92) 0.24
Switches/word 0.74 (0.17) 0.77 (0.16) 0.59

Values in parentheses are standard deviations of the mean.
Significant effects indicated with (⁎).
a Mini-Mental Status Examination.
b Dementia Rating Scale.
c Digit Symbol Substitution Test.
semantic fluency, results revealed no significant span×drug inter-
action on the overall performance (words generated) but a trend
for significance on switching (F(1,36)=3.62, p=0.06). On pho-
nemic fluency, results revealed a significant span× drug interaction
for the mean number of words generated (F(1,36)=4.43, p=0.04),
the mean number of switches (F(1,36)=14.71, p=0.001), and
the number of switches by words (F(1,36)=3.93, p=0.05) all
three indicating that piribedil had a differential effect for high-
span and low-span subjects. Subsequent comparisons with
Tukey's HSD tests for different sample size revealed no sig-
nificant difference among placebo and piribedil within span level
groups for the mean number of words generated or the number of
switches by words (p's>0.05). However, the same comparisons
on the number of switches revealed a significant difference
between piribedil (19.44±5.31) and placebo (17.00±5.87) for
the high-span group (p=0.01) but not for the low-span group
(mean piribedil: 16.32±5.71, mean placebo: 18.00±6.52;
p=0.11; Fig. 1). This beneficial effect of piribedil was not due to
differences in alertness (span level×drug interaction: p=0.20),
calmness (span level×drug interaction: p=0.79) or speed of
information processing (DSST: span level×drug: p=0.93).

4. Discussion

Qualitative analysis of verbal fluency was used to investigate
the effects of the dopaminergic agonist piribedil on PFTCN in
healthy older adults. In contrast with our initial hypothesis
according to which DA administration would improve elderly
subjects' switching capacities, results showed that there was no
main effect of piribedil on overall verbal fluency performance or
on switching. Nevertheless, consistent with previous studies
using other DAs (Kimberg et al., 1997, 2003), we did find that
the effects of piribedil were dependent on the subjects' span-
levels. We found that healthy older adults with high-capacity
span improved in phonemic switching while on piribedil
whereas healthy older adults with low-capacity span performed
more poorly on the drug than off. This improvement was not
due to an unspecific arousal effect. Consistent with the hypo-
thesis that switching processes are related to dopaminergic
functions, whereas clustering processes are not, no significant
effect of piribedil was found on any clustering measures.



267F. Gierski et al. / Progress in Neuro-Psychopharmacology & Biological Psychiatry 31 (2007) 262–268
Contrastingwith the results ofKimberg andD'Esposito (2003)
study showing a deleterious effect of pergolide on phonemic
fluency in young healthy subjects, we showed that piribedil was
able to improve phonemic verbal fluency in high span older adults
by an action on switching processes. We thought that this dis-
crepancy can originate from multiple interacting factors. Firstly,
the DAs employed (i.e. pergolide and piribedil) have several
different pharmacological properties: pergolide is an agonist for
D1-like family and D2-like family receptors while piribedil is an
agonist mostly for D2-like family receptors (D2 and D3)
(Cagnotto et al., 1996). Moreover, drugs doses and administra-
tionswere different: acute administration of 0.1mg of pergolide in
the study of Kimberg and D'Esposito versus a 2-month treatment
period with 50 mg of extended-release piribedil in our study.
Secondly, we also suppose that this discrepancy comes from the
studied population: young healthy adults in Kimberg and
D'Esposito study versus older healthy adults in our study. Thus,
it is interesting to note that adverse events were quite low in our
sample (6.38%) and were higher in Kimberg and D'Esposito
study (39%). As previously seen, this difference can be due either
to drugs or their administration. Yet, we assumed that DAs given
to young healthy adults would have caused hyperdopaminergia
and an important rate of side effects whereas in older adults
known to have dopaminergic transmission disturbances and a
some degree of hypodopaminergia, it would have led to a close to
“normal” level and to enhanced switching capacities. As a support
for this assumption, it should be stressed that DAs in monkeys
have been shown to have an inverted U-shape effect with small
doses improving performance and larger doses having a delete-
rious effect (Arnsten et al., 1995).

Another important finding concerns the major role that
working memory capacities seem to play in the relation between
dopamine and cognitive functions. This has also been demon-
strated in studies using different DAs in normal subjects (for a
review, see Kimberg and D'Esposito, 2003). However, the com-
parison made in our study between the cognitive performances of
the two groups at baseline enables us to say that besides their
working memory capacities the subjects were also characterized
by different overall cognitive capacities, low-span subjects per-
formingmore poorly on theMMSE and theDRS. Thus,DAs such
as piribedil might be effective at this dose only for older adults
having high overall cognitive capacities. In a brain imaging study,
Volkow et al. (1998) demonstrated a linear relation between age,
decrease in the number of striatal dopamine D2 receptors, and
neuropsychological performance. Nevertheless the authors also
emphasized that the correlations with neuropsychological
performance remained significant after the partialing out of age
effects, suggesting that dopamine activity would influence cog-
nitive performance regardless of age. Moreover, in a subsequent
study, Volkow et al. (2000) showed a relationship between mea-
sures of brain dopamine D2 receptors and regional brain glucose
metabolism in healthy individuals by the use of positron emission
tomography scans after injection of [11C]-raclopride, to assess
dopamine D2 receptors, and [18F]-fluorodeoxyglucose, to assess
regional brain glucose metabolism. They found that D2 receptors,
as well as frontal and cingulatemetabolism, declinedwith age and
that significant correlations between metabolism and D2 re-
ceptors in the frontal cortex, the anterior cingulate gyrus, the
temporal cortex, and caudate decrease regardless of age. Quite
possibly, the influence of working memory capacities may be a
mere consequence of a more general difference in the basal dopa-
minergic tone and overall cognitive functioning of the subjects.

5. Conclusion

The results of the present study are consistent with the hypo-
thesis that dopaminergic networks are involved in mental flexi-
bility and switching processes, and with the important role of
dopaminergic depletion with age and alterations of cognitive
functions. Although the study is limited by the very small sample,
results suggest that piribedil is likely to enhance switching pro-
cesses of older healthy adults and support the idea that pharma-
cological remediation of cognitive impairment of the elderly has
to be challenged. Future studies with a larger sample should
attempt to replicate these findings and investigate more speci-
fically dose–response effects and the implication of overall cog-
nitive capacities.
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