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CAREY, G. J., B. COSTALL, A. M. DOMENEY, P. A. GERRARD, D. N. C. JONES, R. J. NAYLOR AND
M. B. TYERS. Ondansetron and arecoline prevent scopolamine-induced cognitive deficits in the marmoset. PHARMA-
COL BIOCHEM BEHAYV 42(1) 75-83, 1992. — The cognitive-enhancing potential of the 5-hydroxytryptamine (5-HT) selec-
tive 5-HT; receptor antagonist, ondansetron, was investigated in a model of cognitive impairment induced by the muscarinic
receptor antagonist, scopolamine. For this purpose, marmosets were trained in an object discrimination task utilizing the
Wisconsin General Test Apparatus. Administration of scopolamine (0.01-0.04 mg/kg, SC) caused a dose-dependent impair-
ment in the acquisition of the object discrimination task in that marmosets required more trials to reach criterion, made more
errors, and took longer to choose the objects. Administration of arecoline (0.06-0.1 mg/kg, SC) or 1,2,3,9-tetrahydro-9-
methyl-3-[(2-methyl-1 H-imidazol-1-y/)methyl]-4 H-carbazol-4-one, HCl- 2H,0 (ondansetron) (0.1-1 pg/kg, SC) prevented the
scopolamine-induced impairment in task acquisition in that the performance of marmosets was indistinguishable from that
of saline-treated animals and was significantly better than that following scopolamine/saline. From these studies, we conclude
that ondansetron prevents impairment in the cognitive performance of marmosets induced by administration of scopolamine.
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Cognition Object discrimination task

BARTUS and coworkers (8) proposed a central role for the
cholinergic system in memory and learning when forwarding
their “cholinergic hypothesis of geriatric memory dysfunc-
tion.” This hypothesis has subsequently received support from
both clinical and animal research (2,9,20,32,44).

However, despite the well-accepted importance of the cho-
linergic system in the pathology of dementias, clinical at-
tempts to restore the cholinergic system directly have proved
disappointing. Although studies carried out in Alzheimer’s
disease patients using muscarinic receptor agonists, cholines-
terase inhibitors, and cholinergic releasing agents have shown
these treatments to have significant effects on cognition, im-
provements have generally been small, variable, and offered
little or no relief in daily living conditions (9). Tacrine or
1,2,3,4-tetrahydro-5-aminoacridine (THA), a cholinesterase
inhibitor, has been reported to be a useful, long-term pallia-
tive treatment in Alzheimer’s disease (41), although other stud-
ies have not replicated the beneficial effects of this agent and
have indicated a risk of hepatotoxicity (18). Clinical trials with
cholinergic precursors have also shown negligible beneficial
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effects [see reviews, (9,30)]. Thus, the equivocal evidence ob-
tained with such compounds has led many workers to question
the value of treating dementias with the presently available
cholinergic drugs.

The cholinergic system is by no means the only neurotrans-
mitter system implicated in the impaired cognitive function of
aged or demented patients. Indeed, changes in the catechol-
aminergic, serotonergic, and peptidergic systems have been
reported [see reviews, (1,32,39)]. Of particular pertinence to
the present study are the changes observed in the serotonergic
system (1,4,31,39). In animal studies, there is evidence for
5-hydroxytryptamine (5-HT) receptor-mediated modulation
of acetylcholine (ACh) release from the striatal slices (24),
while in areas such as the cerebral cortex, striatum, and hippo-
campus there is a well-documented serotonergic inhibitory
control of cholinergic function (10,11,38). Furthermore,
Barnes et al. (5) demonstrated a 5-HT), receptor-agonist-medi-
ated reduction in PH)ACh release from rat entorhinal cortex
in vitro that could be blocked by selective 5-HT, receptor
antagonists such as ondansetron. 5-HT; receptor antagonists
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have also been demonstrated to possess cognitive-enhancing
activity in both rodents (6,14,16) and common marmosets
6,19).

In the present study, we investigated the effects of scopol-
amine on the acquisition of an object discrimination task in
the marmoset and the ability of the 5-HT, receptor antagonist
1,2,3,9-tetrahydro-9-methyl- 3- [(2-methyl-1H-imidazol-1-y/)
methyl]-4H-carbazol-4-one, HCI- 2H,0 (ondansetron) to over-
come the resulting cognitive impairment.

METHOD

Animals

Six marmosets (male and female; there were no apparent
differences in performance between either sex) weighing 310-
370 g were housed in single-sex pairs. Animals were given free
access to water and food (Mazuri primate diet, SDS Ltd.,
Essex), which they received in the morning. The remainder of
the diet (fruit, brown bread, and malt loaf) was given between
1600 and 1700.

Holding rooms were maintained at 25 + 1°C at a humid-
ity of 55%. Rooms were illuminated for 12 h, followed by a
12 L: 12 D cycle, lights being on between 0700 and 1900.
Simulated dawn and twilight periods were programmed to
occur 0.5 h before and after the main lights came on or went
off. During the 12-h dark period, a single 60-W red bulb was
illuminated to avoid complete darkness.

Assessment of Performance of Marmosets Using the
Wisconsin General Test Apparatus

Apparatus. Studies assessed the performance of marmo-
sets in a miniature version of the Wisconsin General Test Ap-
paratus (WGTA). This consisted of a box (45 X 42 X 45 cm)
with an opaque shutter at one end to separate the marmoset
from the operator. The shutter could be raised and lowered
by the operator to reveal a tray containing two food wells
located 14 cm apart. The marmoset was able to place its arms
between the bars to reach the food wells and displace an object
to obtain a reward. During testing, the marmoset was placed
behind the shutter in a transport cage large enough to allow
the marmoset complete freedom to move during the test ses-
sion.

The marmoset could be viewed by the operator via a one-
way screen. This screen was located above a hinged flap
through which the operator could bait the test tray containing
the food wells. The interior of the WGTA was illuminated by
a 15-W strip light; all testing took place in a darkened room.

Initial training in object discrimination learning. Through-
out initial training, animals were presented with a series of
trials in the WGTA in which the shutter was raised to reveal
two plastic junk objects (e.g., a rubber bung and a hypoder-
mic needle case) covering two food wells. Selection of only
one object (a rubber bung) provided a food reward. Food
rewards consisted of syrup-coated cubes (0.5 cm) of brown
bread. The left/right position of the rewarded object was var-
ied between trials according to a pseudorandom schedule (23).
The intertrial interval was maintained constant at 15 s and
each trial lasted until the marmoset made a response (i.e.,
selected one of the objects).

In an average daily test session, animals generally com-
pleted on the order of 40 trials. Animals were trained until
they were able to perform the above task to an accuracy of
90% correct responses of 40 trials. Initial object discrimina-
tion training to this criterion (i.e., 90 correct responses of 100)
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took 1-3 weeks. Once animals were achieving 90% accuracy
on the above task, they were tested over a smaller number of
trials, 20 and then 10, to ensure that this level of performance
was maintained (e.g., an animal giving 90 correct responses
of 100 should then give correct responses on the order of 18
of 20 and 9 of 10). When consistency of performance was
verified, animals could then be utilised to assess the ability of
agents to influence object discrimination learning.

Test protocol. In this task, the basic test system was identi-
cal to that of simple object discrimination training with the
exception that animals were introduced to two novel junk
objects that were subject to a changing reward contingency
over different test days. The rewarded object was determined
using a balanced, crossover design in which individual marmo-
sets received injections with each drug at each dose level with
a one-week interval between drug treatments (Table 1).

On the first day of testing, the marmoset was required to
displace one of two plastic junk objects covering a food well
to collect the reward. The task was completed once the animal
had selected the rewarded object in 9 of 10 trials. On the
following day (day 2), the previously unrewarded object be-
came rewarded (acquisition task) and this reward contingency
was continued on day 3 (retention task). On day 4, the object
rewarded on day 1 became, once again the rewarded object
(acquisition task) and this was reversed on day 5 (reversal
task). In subsequent weeks of testing, the rewarded object on
day 1 was the object that had been rewarded on the previous
day 5.

To obtain a stable baseline of performance, marmosets
were trained using this protocol for at least 2 weeks prior to
the commencement of drug studies.

Data Analysis

Data were expressed in several ways:

1. The number of trials required to reach criterion (9 correct
responses of 10 trials) for the acquisition of the task and
the subsequent 24-h retention and reversal.

2. Choice latency(s) calculated using the formula:

total time to complete test(s)-(no. of trials — 1) x 15s

choice latency =
Y ‘total number of trials

where 15 s = intertrial interval and (no. of trials — 1) =
number of intertrial intervals.

3. Number of errors: The mean errors per task were calcu-
lated.

4. Learning curves: Learning curves were constructed using
the method of Ridley et al. (35) by calculating the total
number of errors made by all marmosets for each consecu-
tive block of five trials for the acquisition task and its
subsequent 24-h retention and reversal. This provided a
measure of the accuracy of performance in the trials re-
quired before reaching criterion.

It was particularly important that the behavioural status of
animals was also recorded as scopolamine has previously been
shown to cause behavioural agitation in the marmoset at
higher doses [(36) and our preliminary studies].

All testing took place between 1000 and 1300 on weekdays
only.

Drugs

Scopolamine HBr (Sigma), arecoline HBr (Sigma), and on-
dansetron (Glaxo Group Research Ltd.) were dissolved in ster-
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ile saline and administered in a volume of 1 ml/kg body weight
by the subcutaneous route. Doses are expressed as the free
drug.

Statistical Analysis

A matched-pairs t-test was utilised to compare the effects
of drug treatments on the mean trials to criterion, mean choice
latency, and mean errors with those of the corresponding vehi-
cle treatment.

RESULTS

Study 1: Influence of Scopolamine on Object Discrimination
and Subsequent 24-h Retention or Reversal

In the first part of this study, scopolamine (0.01-0.05 mg/
kg, SC) or saline (1 mi/kg, SC) were administered 30 min
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before the acquisition of an object discrimination task on days
2 and 4 according to the experimenter-blind, crossover design
detailed in Table 1. Throughout the study, the experimenter
was unaware of the specific treatment received by animals.

Scopolamine (0.01-0.04 mg/kg, SC) caused a dose-
dependent impairment in the performance of this task when
compared with that following saline treatment (Figs. 1A-C).
Following administration of scopolamine (0.02 and 0.04 mg/
kg, SC), these changes reached statistically significant levels
such that the mean number of trials required to reach crite-
rion, mean errors per task and, for the higher dose only, mean
choice latency were elevated (p < 0.05-0.01). For example,
scopolamine (0.02 mg/kg, SC) caused an increase in trials
required to reach criterion from 7.1 + 1.6 (saline pretreat-
ment) to 14.3 + 3.4 and in the mean errors per task from 4.9
+ 0.7 (saline pretreatment) to 9.5 + 2.1 (p < 0.05) (Figs.
1D-F).
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FIG. 1. Ability of scopolamine (SCOP) to impair the acquisition of an object discrimination task. Data are presented as (A) the mean number
of trials to reach criterion (9 correct responses of 10 trials), (B) mean choice latency, and (C) mean errors per task. Significant performance
impairments (scopolamine compared with appropriate-vehicle treatment; SAL) are indicated by *p < 0.05 and **p < 0.01 (matched-pairs
t-test, n = 6). D, E, and F represent the learning curves for the completion of the acquisition task. These were obtained by calculating the
number of errors in blocks of five trials by all six animals for the first, second, and third, etc. block using the method of Ridley et al. (35). The
beginning of each curve represents the total number of errors made by all six animals tested for both the saline or scopolamine treatments in
each 2-week crossover period (see Table 1). The numbers in parentheses indicate when fewer animals are involved since some animals may have

reached criterion.
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Administration of a higher dose of scopolamine (0.05 mg/
kg, SC) caused behavioural effects incompatible with perfor-
mance of this task. These were an unwillingness or inability to
choose an object or consume the food reward and behavioural
agitation. In contrast, administration of a lower dose of sco-
polamine (0.02 mg/kg, SC) produced negligible side effects
and this dose was selected for use in the subsequent studies to
assess the influence of ondansetron and arecoline.

On testing the retention of an object discrimination task
that was acquired 24 h previously under the influence of sco-
polamine (0.02 or 0.04 mg/kg, SC), there was a trend toward
an impairment in performance. However, this failed to
achieve statistical significance (Figs. 2A and C). There was
also a tendency for marmosets to find it easier to reverse from
a task acquired 24 h previously under the influence of scopol-
amine (0.02 and 0.04 mg/kg, SC) such that the mean trials
required to reach criterion and the number of errors made
were lower than those of saline-treated animals (Figs. 2B and
D) although, again, these changes did not reach significance.
Choice latency remained unaffected by scopolamine treatment
24 h previously (data not shown).
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Study 2: Influence of Arecoline and Ondansetron on
Scopolamine-Induced Impairment in the Acquisition of an
Object Discrimination Task

Since scopolamine failed to cause statistically significant
changes in the retention or reversal of an object discrimination
task, the experimental design utilised in Study 1 was modified
such that Study 2 assessed only the influence of arecoline and
ondansetron upon the scopolamine-induced impairment in the
acquisition of an object discrimination task (see Table 1).

Concomitant administration of arecoline (0.06, 0.08, or
0.1 mg/kg, SC) with scopolamine (0.02 mg/kg, SC) attenu-
ated the impairment in task acquisition to a level where the
performance of marmosets was not statistically different from
that following saline treatment alone. For example, treatment
with arecoline (0.1 mg/kg, SC) reduced the number of trials
required by scopolamine-treated animals to reach criterion
from 21.7 *+ 3.9 (saline/scopolamine) to 10.5 + 3.6 (Fig.
3A) and caused a leftward displacement of the learning curves
with respect to those for saline/scopolamine-treated marmo-
sets (Fig. 3E).

However, two of the six animals tested that received areco-
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FIG. 2. Influence of scopolamine (SCOP) (administered 24 h previously, 30 min before the acquisition task) on the retention or reversal of an
object discrimination task. Data are presented as (A and B) the mean number of trials to reach criterion (9 correct responses of 10 trials) and (C
and D) the mean errors per task for the retention and reversal of the task, respectively. No significant differences between the performance of
scopolamine and saline-treated (SAL) marmosets were recorded (p > 0.05, matched-pairs #-test, n = 6). E-H represent the learning curves for
the completion of the retention (E and F) and reversal (G and H) tasks. The beginning of each curve represents the total number of errors in
blocks of five trials made by all six animals tested. O—QO represents the performance of saline-treated marmosets, while the performance of
scopolamine-treated marmoset is represented by @—@®. The numbers in parentheses indicate when fewer animals are involved since some
animals may have reached criterion.
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FIG. 3. Influence of arecoline on scopolamine-induced impairment in the acquisition of an object discrimination task. Arecoline was adminis-
tered concomitantly with saline or scopolamine (0.02 mg/kg, SC) 30 min before testing. Data are presented as (A) the mean number of trials to
reach criterion, (B) mean choice latency, and (C) mean errors per task. Significant performance impairments (scopolamine compared with
appropriate-vehicle treatment) are indicated by *p < 0.05 (matched-pairs ¢-test, 7 = 6 unless indicated). D and E represent the learning curves
for the completion of the acquisition task. The beginning of each curve represents the total number of errors in blocks of five trials made by all
six animals (five animals for E). The numbers in parentheses indicate when fewer animals are involved since some animals may have reached
criterion. The performance of animals following saline (SAL) control treatment is represented by O—QO, saline/scopolamine (SCOP) treatment

by @—@®, arecoline (AREC) saline treatment by (01— and arecoline/scopolamine treatment by ll—M. Followm%the combined administration

of arecoline (0.08 mg/kg, SC) and scopolamine, one marmoset was unable to complete the task (indicated by v

marmoset failed to make any choices.

line (0.08 mg/kg, SC) and scopolamine (0.02 mg/kg, SC) were
unable to complete the task; indeed, one of these animals
refused to make any choices. These two marmosets displayed
behavioural changes similar to those observed following treat-
ment with the highest dose of scopolamine (0.05 mg/kg, SC).
In a separate study, ondansetron (0.01, 0.1, or 1 ug/kg,
SC) or saline were administered three times in the 24 h preced-
ing the acquisition task (i.e., at 0800 and 1700 on day 1 and
between 0800 and 0930 on day 2) (Table 1). Pretreatment with
ondansetron (0.1 or 1 ug/kg, SC) prevented scopolamine-
induced impairment in task acquisition. The performance of
ondansetron/scopolamine animals was not significantly dif-
ferent (p > 0.05) from that of saline-treated marmosets, but
significantly better (p < 0.05) than that of saline/scopola-
mine-treated animals (Figs. 4A-C). For example, the mean

in figure D), while another

trials required to reach criterion were reduced from 17.2 +
4.0 (saline/scopolamine, n = 5)to 5 + 2.2 (ondansetron 0.1
ug/kg, SC/scopolamine, p < 0.05) and from 24.3 + 6.2 (sa-
line/scopolamine, # = 6) to 10.5 + 3.5 (ondansetron 1 ug/
kg, SC/scopolamine, p < 0.05), respectively. The ability of
ondansetron to prevent scopolamine-induced impairment is
further revealed by the examination of the learning curves
constructed for this task (Figs. 4D and E). Pretreatment with
ondansetron (0.1 or 1 ug/kg, SC) caused a marked leftward
displacement of learning curves for scopolamine-treated mar-
mosets with respect to those for the corresponding saline/
scopolamine treatments. Indeed, ondansetron (0.1 but not 1.0
ug/kg, SC) produced a significant reduction in the mean er-
rors per task from 10.2 + 1.8 (saline/scopolamine, n = 5) to
3.4 £ 0.9(p < 0.05, Fig. 4C).
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FIG. 4. Influence of ondansetron on scopolamine-induced impairment in the acquisition of an object discrimination task. Ondansetron (OND)
was administered three times in the 24 h preceding saline (SAL) or scopolamine (SCOP; 0.02 mg/kg, SC) treatment. Data are presented as (A)
the mean number of trials to reach criterion, (B) mean choice latency, and (C) mean errors per task. Significant performance impairments
(scopolamine compared with appropriate-vehicle treatment) are indicated by *p < 0.05, while significant prevention of impairments (ondanse-
tron/scopolamine compared with saline/scopolamine) are indicated by ep < 0.05 (matched-pairs ¢-test, » = 6 unless indicated). D and E
represent the learning curves for the completion of the acquisition task. The beginning of each curve represents the total number of errors in
blocks of five trials made by all six animals (five animals for E). The numbers in parentheses indicate when fewer animals are involved since
animals may have reached criterion. The performance of animals following saline (SAL) control treatment is represented by O—QO, saline/
scopolamine treatment by ®—@, ondansetron (OND)/saline treatment by [1—[ and ondansetron/scopolamine treatment by B—B.

Administration of either arecoline or ondansetron failed to
influence the performance of saline-treated marmosets in the
paradigm described.

DISCUSSION

The major findings of the present studies are that a specific
cholinergic cognitive impairment in the marmoset may be re-
versed by both a muscarinic agonist, arecoline, and by a selec-
tive 5-HT, receptor antagonist, ondansetron. The administra-
tion of scopolamine before the acquisition of an object
discrimination task in doses similar to those previously re-
ported for the marmoset (35,36) and for other primates (8)
produced a dose-dependent increase in the number of trials
required to reach criterion, mean task errors, and mean choice
latency. One hypothesis under test was that animals would
show deficits in the retention of a task acquired under the
influence of scopolamine and would, consequently, also find

it easier to reverse from that task when compared with the
case following saline treatment. However, no statistically sig-
nificant effects were seen. It might be suggested that the per-
formance of marmosets was near maximal in all tasks assessed
and that any slight differences in the memory of the marmo-
sets between the acquisition of a task and its subsequent reten-
tion or reversal were only revealed following scopolamine
treatment. This is particularly apparent when a comparison is
made between the performance of the retention and reversal
tasks of the object discrimination that had been acquired un-
der the influence of scopolamine (0.04 mg/kg, SC). Ridley
and colleagues (35) reported less equivocal results, for exam-
ple, marmosets found the reversal of a position discrimination
acquired under the influence of saline to be substantially more
difficult than its retention, while the situation was reversed
when the position discrimination was acquired under the influ-
ence of scopolamine. However, it should be noted that, in an
attempt to strengthen position memories, the protocol utilised
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involved a degree of overtraining, that is, marmosets were
offered 10 more trials upon reaching criterion. These workers
concluded from other studies (36) that the retention of an
object discrimination was a poor measure of memory in the
protocol utilised, although marmosets found it significantly
easier to reverse from a task acquired under the influence of
scopolamine treatment.

The difference in results obtained in the present and previ-
ous studies can perhaps most easily be explained by the differ-
ences in procedures used. In the study by Ridley et al. (36),
animals were required to acquire an object discrimination us-
ing novel objects. However, in the present study, to avoid
the element of object novelty and the idiosyncratic aversion/
preferences that sometimes occurred, the same object pair was
used throughout the present study. This change in procedure
is likely to influence the relative importance of the brain areas
associated with this task (33).

The combined findings of the present and previous (36)
studies indicate that scopolamine acts to impair the acquisition
of the object-reward association [see also (27)]. The detailed
work of Ridley et al. (36) counters arguments that the poor
performance of scopolamine-treated marmosets is a product
of an inability to perceive the stimulus, motor deficits, or
other nonspecific behavioural changes such as sedation.

Pretreatment of marmosets with the muscarinic receptor
agonist, arecoline, attenuated the scopolamine-induced im-
pairment. These findings complement those of Ridley et al.
(34,37), who demonstrated attenuation by arecoline of the
learning impairments in marmosets induced by lesion of the
nucleus basalis of Meynert (nBM) and by intracerebroventric-
ular (ICV) administration of hemicholinium-3 (HC-3), pre-
sumably via a direct action at the postsynaptic muscarinic
receptors. Arecoline has also been reported to reverse the cog-
nitive deficits induced by scopolamine in the rodent (6,14,16)
and improve age-related deficits in a delayed-recall task in
primates (7). However, this compound has not proved to be
particularly effective in the treatment of dementia/Alzhei-
mer’s disease (42), although some improvements have been
reported (13).

The problems associated with the administration of a non-
selective muscarinic agonist, such as arecoline, are illustrated
by the effects observed in two of six marmosets tested follow-
ing treatment with arecoline (0.08 mg/kg) combined with sco-
polamine. These animals were unable to perform the task and
displayed behavioural changes associated with agitation that
were similar to those observed subsequent to the administra-
tion of the highest dose of scopolamine. The ability of this
dose of arecoline to exacerbate the scopolamine effects may
be via an action on presynaptic muscarinic autoreceptors, the
existence of which has been well documented (40,43). It is
proposed that this autoreceptor exerts an inhibitory control
on ACh release. Indeed, Wilson and coworkers (45) demon-
strated an arecoline-induced reduction of approximately 50-
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60% in the release of PH)ACh in the hippocampus of con-
scious rats utilising in vivo microdialysis. The performance of
marmosets remained unaltered following combined arecoline
and saline treatment, which reflects the findings of others
(6,37).

The administration of ondansetron before scopolamine re-
versed scopolamine-induced impairment in task acquisition.
The greatest effect was obtained at the 0.1-ug/kg dose, which
is 10-100 times greater than that required to improve the basal
performance of marmosets in an object discrimination rever-
sal learning task (6,19). In a water maze (16) or T-maze rein-
forced alternation task in the rat and habituation test in the
mouse (6), ondansetron was also able to attenuate a deficit in
performance induced by scopolamine. While there are species
and task variations in doses required to inhibit a scopola-
mine-induced deficit, there is a consistent action of ondanse-
tron to inhibit cognitive impairment.

The mechanism(s) via which ondansetron is able to prevent
a scopolamine-induced deficit in the marmoset remains to be
elucidated. However, the findings of Barnes et al. (5) and
Bianchi et al. (11) of a 5-HT, receptor-mediated modulation
of ACh release and the ability of ondansetron to attenuate a
scopolamine-induced cognitive deficit in the rat, but not one
induced by ICV infusion of HC-3 (6,17), provides some evi-
dence for a possible mechanism of action that involves the
modulation of the presynaptic cholinergic system. Functional
studies have established a role for 5-HT, receptors in the mod-
ulation of other neurotransmitter systems (12,15,22,26). Fur-
thermore, 5-HT; receptors are reported to mediate an inhibi-
tion of cell firing in the prefrontal cortex (3), an area believed
to be essential for “working memory” (25). The cognitive-
enhancing properties of the 5-HT; receptor antagonists re-
vealed in this and previous studies may not simply result from
an action on any one neurotransmitter system.

The location of 5-HT, receptors has recently been deter-
mined in the brain of the common marmoset utilising quanti-
tative receptor autoradiography (29). Relatively low levels of
PH]IGR65630 binding were found in the amygdala, an area
implicated in the acquisition of object-reward associations
(21,28), while higher binding levels were detected in the pyra-
midal cell layer of the hippocampus. In the marmoset, the
hippocampus has been associated with “rule learning,” that is,
learning what is required to obtain a reward (i.e., the rule of
the task) rather than building up an object-reward association
per se [see (33)]). Studies are under way to determine the rela-
tive importance of these two structures and associated brain
areas in the cognitive-enhancing properties of agents such as
the 5-HT, receptor antagonists.

In conclusion, this study provides further evidence for
a role for 5-HT in the modulation of cognitive processes
but, more specifically, a potential role for the 5-HT, recep-
tor antagonist, ondansetron, in the treatment of cognitive de-
ficits.
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