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Abstract

Memory dysfunction occurs in a number of neuropsychiatric disorders.
Therapeutic psychopharmacological agents may exacerbate such memory
impairment. Detailed characterisation of drug-induced memory impairment
is therefore important. We recently showed that the D2/D3 antagonist
amisulpride quantitatively impairs emotional memory in a randomised
placebo-controlled study of 33 healthy volunteers. Current evidence
suggests that two qualitatively different processes (recollection and
familiarity) contribute to recognition memory and can be investigated
using a Dual-Process Signal Detection model. Using such a model, we
found that amisulpride levels at encoding were significantly inversely
correlated with recollection estimates for emotional but not neutral stimuli
or familiarity estimates in healthy male volunteers. This suggests that

dopamine antagonism at encoding preferentially impairs the recollection
component of emotional memory, relative to the familiarity component.
This was supported by receiver operating characteristic analysis. We also
found a significantly increased false recognition rate, associated with
significantly shorter reaction times for emotional but not neutral stimuli in
the amisulpride group. These findings have important implications for our
understanding of recognition memory processes, as well as the
interpretation of neuropsychological findings in medicated patients.
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Introduction

Memory is crucial to integrating previous experience to guide
future behaviour. Memory dysfunction occurs in a number of
neuropsychiatric disorders. However, a number of therapeutic
psychopharmacological agents also cause memory impairment
and may therefore exacerbate the problem. A full understand-
ing of the nature of drug-induced memory impairment is there-
fore an important aspect of psychopharmacological research.
The term memory encompasses a number of systems including
procedural, semantic, working and episodic memory. This arti-
cle is concerned with the last of these, which refers to the ability
to encode and retrieve information related to one’s past.

Dopaminergic dysregulation is central to the aetiology of
schizophrenia, in which memory dysfunction is a central cogni-
tive feature (Aleman, et al., 1999; Pelletier, et al., 2005). Dopa-
mine (particularly D2) antagonism is crucial to the therapeutic
effects of antipsychotic agents used to treat schizophrenia. The

role of the dopaminergic system in human episodic memory
has not been fully investigated. However, there is increasing
evidence from animal studies that D2 antagonists impair epi-
sodic memory (Fujishiro, et al., 2005; Umegaki, et al., 2001).
There is evidence to suggest that this may also be the case for
certain aspects of memory in humans (Mehta, et al., 2005;
Gibbs, et al., 2007). Further characterisation of the mnemonic
effects of dopamine antagonists on humans is therefore
warranted.

Recognition memory testing represents a cornerstone of
research into episodic memory. Early models of recognition
memory were based on Signal Detection Theory (SDT),
which posits that recognition memory performance is based
on a single process of memory strength or familiarity (Egan,
1958; Green and Swets, 1966). The strongest evidence in sup-
port of the use of SDT in recognition memory came from the
analysis of receiver operating characteristic (ROC) curves, a
function relating the proportion of correct recognitions (hit
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rate) to the proportion of incorrect recognitions (false-alarm
rate). However, experimentally observed ROCs differed from
those predicted by SDT in that the latter were symmetrical
about the diagonal, whereas the former tended to be skewed.
This led to the view that recognition memory could not be
entirely explained by familiarity alone and consequently the
notion that recognition memory performance reflects two
distinct processes: recollection and familiarity (Atkinson and
Juola, 1974; Jacoby, et al., 1993; Mandler, 1980).

Recollection is presumed to be a qualitative threshold pro-
cess, associated with high levels of contextual detail and high
confidence judgements. On the contrary, familiarity is consid-
ered to be a quantitative, memory-strength–based process,
associated with a ‘sense of having previously seen’. This
approach to recognition memory constitutes a dual-process
model, which can be contrasted with original single-process
models. Over the last few decades, considerable evidence has
emerged in support of such dual-process models (Yonelinas,
2002). Similarly, a number of approaches to examine the rela-
tive contribution of these two processes have evolved: the
Remember-Know (R/K) Procedure (Tulving, 1985), the Pro-
cess Dissociation Procedure (Jacoby, 1991) and the Dual-
Process Signal Detection (DPSD) model (Yonelinas, 1994).
These methods have been used to quantify relative changes in
recollection and familiarity produced by experimental manipu-
lation. Of these, the R/K procedure has been most widely used;
however, it suffers from a significant limitation: under this
procedure ‘remember’ and ‘know’ responses are mutually
exclusive and participants are instructed to give a ‘know’
response only when an item is not recollected. As a result, the
proportion of ‘know’ responses is artificially constrained by the
number of ‘remember’ responses. Thus, the contribution of
familiarity to the recognition memory process is likely to be
underestimated. On the contrary, the DPSD model suggests
that recollection and familiarity judgements both indepen-
dently contribute to whether an item is recognised or not. As
a result, the estimates of familiarity it provides are not limited
by the proportion of ‘remember’ responses. This model, there-
fore, represents a more useful tool for the further investigation
of recognition memory.

We recently reported that the dopamine antagonist amisul-
pride quantitatively impairs emotional memory in healthy
volunteers based on recognition memory testing (Gibbs, et al.,
2007). However, the relative effects on the recollection and
familiarity components of memory remain unclear. In the pres-
ent study, we used a DPSD model based on ROC analysis to
examine emotional memory and its attenuation by amisulpride
in more detail. We hypothesised that emotional salience would
increase both recollection and familiarity, albeit with a lesser
effect on familiarity as suggested by previous studies (Sharot,
et al., 2007; Ochsner, 2000). We, therefore, further hypothe-
sised that amisulpride would result in a reduction in recollec-
tion and to a lesser extent familiarity, for emotionally arousing,
but not neutral stimuli.

Methods and materials

Participants

Healthy male volunteers (n = 33), aged 18–40 (mean
age = 24.2, SD = 5.4) were recruited through an advertisement
and were paid for their participation. Potential participants
were screened for psychiatric or neurological disorder by
means of a checklist questionnaire. Exclusion criteria were:
1) any current or previous history of psychiatric illness; 2) any
significant history of substance misuse, including nicotine and
3) taking regular medication. Participants were randomised to
receive either drug (n = 17) or placebo (n = 16). The study was
approved by the Institute of Psychiatry Research Ethics Com-
mittee and conducted in accordance with the Declaration of
Helsinki. Following complete description of the study to the
participants, written informed consent was obtained.

Drugs

A 400 mg dose of amisulpride was chosen as it represents the
lower end of the daily dosage range for achieving dopamine
blockade and reduction of positive symptoms in schizophrenia
(400–1200 mg) and it has been suggested that lower doses
(50–300 mg) enhance dopaminergic transmission (Boyer,
et al., 1995; Schoemaker, et al., 1997; Paillere-Martinot, et al.,
1995). Additionally, a single 400 mg dose of amisulpride has
been found to have no effect on general psychomotor or cogni-
tive performance in healthy volunteers (Ramaekers, et al.,
1999; Rosenzweig, et al., 2002). It also has a low propensity
for inducing extra-pyramidal side effects (Leucht, et al., 2002).

Amisulpride tablets (Solian® 50 mg × 8) were placed in opa-
que, coloured gelatine capsules. Placebo capsules contained
ascorbic acid tablets (100 mg × 2). Both capsules were prepared
by the Maudsley Hospital Pharmacy.

Study design

Participants took part in a between-subjects, placebo-
controlled study. The study was single-blind in that partici-
pants were not informed as to whether they were receiving
drug or placebo. However, for safety reasons, the administer-
ing doctor was aware of the condition to which they had been
assigned. The same doctor was responsible for administering
the tasks. However, in this case given that the cognitive task
was entirely automated in terms of instructions, stimulus pre-
sentation and recording of responses, the role of the doctor in
administering the task was limited to initiating the relevant
computer programs. We, therefore, considered that the validity
of the results would not be compromised by the use of single-
blind as opposed to double-blind methodology. A within-
subjects design was not possible because of the nature of the
task and the limitations of the stimulus set (i.e., participants
could not be exposed to the same stimuli on more than one
occasion). An age range of 18–40 years was specified to avoid
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extremes of age and reduce the likelihood of significant
differences between the two groups.

Participants attended two sessions separated by 1 week.
They were instructed to abstain from beverages containing
alcohol or caffeine for the 24 h before the test sessions. Food
intake was not controlled. Sessions were conducted between
9 a.m. and 1 p.m. Upon arrival at the laboratory for the first
session, participants received either amisulpride 400 mg or
placebo. After 1 h (to allow satisfactory plasma levels to be
reached), a peripheral venous blood sample was taken for mea-
surement of amisulpride plasma concentration. To reduce the
likelihood of participants anticipating a memory test, they were
told that the purpose of the study was to measure their physio-
logical responses to emotional stimuli and they were therefore
connected to a Galvanic Skin Response device for the duration
of testing. However, skin conductance measures were not
recorded. The National Adult Reading Test was used to obtain
an estimate of intelligence quotient (IQ). The encoding phase
of the emotional memory task was then administered (see
below). Participants were told that the second session would
be exactly the same as the first but without drug administra-
tion. Memory tests were not mentioned. The second session
took place 1 week later and consisted of the retrieval phase of
the emotional memory task and a debriefing interview to
explain the purpose of the study. To assess the effectiveness of
blinding, participants were also asked to indicate whether they
believed that they had received drug or placebo.

Cognitive task

We used an emotional memory task, which consisted of an
encoding phase during which participants viewed scenes, each
with a normative rating for arousal and valence, and a delayed
recognition memory test in which they viewed all the previously
seen pictures along with an equal number of new pictures (foils).
All pictures were derived from the International Affective
Picture System (IAPS) stimulus set (Lang, et al., 1998). During
the encoding phase, participants viewed 92 IAPS pictures. Half
of the scenes were aversive-arousing (mean valence and arousal
ratings of 2.6 and 6.1, respectively) and half were neutral (mean
valence and arousal ratings of 5.1 and 3.3, respectively). Stimuli
were presented on a laptop computer for 3 s with a 4-s inter-
stimulus interval (ISI), during which a fixation cross was present
on the screen. The order of presentation was randomised across
participants. Participants were asked to judge whether they felt
emotionally aroused (i.e., wide-awake or jittery) or un-aroused
(i.e., calm or relaxed) by each scene immediately after its presen-
tation by pressing one of two keys labelled ‘aroused’ and ‘calm’

during the ISI. This was to ensure that participants attended to
the scenes and that our classification of the pictures as arousing
and neutral correlated with that of the participants. One week
after the encoding phase, participants returned to the laboratory
for an unexpected recognition memory test in which they viewed
all the 92 previously seen pictures and 92 foils. The foils were
selected to match the previously presented scenes in their
content, valence and arousal characteristics. During the

recognition test, participants were instructed to press marked
keys to indicate whether each picture was ‘old’ (previously
seen) or ‘new’ (foil). Participants were instructed to respond as
soon as they knew the answer but not to compromise accuracy
for speed. Reaction times were recorded. After making the old/
new judgement, they were asked to rate the confidence of their
recognition judgement from 1 (uncertain) to 9 (very certain).
They were also asked to rate the arousal and valence of each
picture using a 9-point scale.

Statistical analysis

Hit rates (proportion of previously seen items correctly identi-
fied as ‘old’) and false alarm rates (proportion of foils
incorrectly identified as ‘old’) for each stimulus category were
calculated for each participant. These were entered as depen-
dent variables in a 2-way analysis of variance (ANOVA) with
valence (aversive, neutral) as the within-subject factor and drug
(amisulpride, placebo) as the between-subject factor. Mean
reaction times were also calculated and entered as the depen-
dent variable in a 3-way ANOVA with valence (aversive,
neutral) and recognition state (hit, false alarm) as within-
subject factors and drug (amisulpride, placebo) as the
between-subject factor.

Estimates of recollection (R) and familiarity (d’) for each
participant were derived by fitting model dual-process equa-
tions to the observed data by reducing the sum of squared
errors between the predicted and observed data (Yonelinas,
et al., 1998). This was carried out using an Excel solver,
which utilises hit rate/false alarm rate pairs derived from
6-point confidence scale (certain old to certain new). In this
study, participants were first asked to make an old new judge-
ment followed by a subsequent 9-point confidence judgement,
giving rise to a 18-point scale. Hence, the confidence ratings
were collapsed by grouping responses over three confidence
ratings to give a 6-point scale for each participant from certain
old (1) to certain new (6). The number of items in each response
category was examined to establish whether participants had
followed the instructions to use the entire response confidence
scale. Cumulative hit rate/false alarm rate pairs were derived
for each participant for each level of response confidence. The
first point was determined by adopting a strict scoring crite-
rion, accepting only the most confidently recognised items
(i.e., responses with a score of 6). The next point reflected a
slightly less strict criterion, including scores of both 5’s and
6’s and so on. ROC curves for each participant were generated
by plotting the cumulative hit rates versus the false alarm rates
as a function of confidence.

R and d’ were entered into a 2-way ANOVA with valence
(aversive, neutral) as the within-subject factor and drug (ami-
sulpride, placebo) as the between-subject factor. Correlation
analyses were carried out to investigate the relationship
between amisulpride levels and recollection and familiarity esti-
mates. Average ROC curves were constructed for each group
(amisulpride versus placebo) and stimulus category (aversive
versus neutral) by plotting hit rate/false alarm rate data pairs
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aggregated across subjects. For further detail on the construc-
tion of ROC curves, see Macmillan and Creelman (2005).

Results

There was no difference in IQ between the amisulpride
(mean = 115.1, SD = 5.6) and placebo (mean = 118.0,
SD = 6.8) groups (t = 1.54, df = 31, P = 0.133). There was no
association between what participants believed that they had
received (drug or placebo) and what they had actually received
(χ2 = 1.67, df = 1, P = 0.196), suggesting that blinding had been
effective. The plasma amisulpride concentrations in the drug
group ranged from 30 to 1030 μg/L (mean = 354 μg/L,
SD = 261 μg/L). The valence and arousal ratings made by the
participants during the recognition memory phase were highly
correlated with the standardised ratings and there were no dif-
ferences between the groups in valence or arousal ratings; how-
ever, these results are reported in detail elsewhere (Gibbs, et al.,
2007). One participant from the amisulpride group had to be
excluded from all analyses because a significant delay in his
response time on a trial during the recognition phase created
an error in the stimulus presentation programme.

The 2-way ANOVA showed a main effect of valence on
hit rate [F(1,30) = 35.9, P < 0.001] and false alarm rate
[F(1,30) = 17.9, P < 0.001]. Post-hoc comparisons showed sig-
nificant differences between hit rates for aversive compared
with neutral stimuli in the placebo group [t(15) = 4.33,
P = 0.001] and the amisulpride group [t(15) = 4.17,
P = 0.001]. There was no main effect of drug but there was a
significant drug × valence interaction on false alarm rates
[F(1,30) = 11.09, P = 0.002]. Post-hoc comparisons showed a
significant difference between false alarm rates for aversive
compared with neutral stimuli in the amisulpride group
[t(15) = 5.23, P < 0.001] but not the placebo group
[t(15) = 0.65, P = 0.52]. The amisulpride group also showed a
significantly higher false alarm rate for aversive stimuli than
the placebo group [t(30) = 2.12, P = 0.043]; see Figure 1. The
3-way ANOVA on reaction times showed a significant main

effect of recognition state [F(1,30) = 55.90, P < 0.001] with
reaction times being significantly shorter for hits than false
alarms for both aversive [t(31) = 8.25, P < 0.001] and neutral
[t(31) = 5.33, P < 0.001] stimuli. There was also a significant
valence × drug interaction [F(1,30) = 4.45, P = 0.043], with the
amisulpride group showing shorter reaction times in response
to emotional stimuli compared with neutral stimuli for both
hits and false alarms, with the reverse being observed in the
placebo group. However, post-hoc t-tests were not statistically
significant; see Figure 2.

Two participants from the placebo group and one from the
amisulpride group had to be excluded from the ROC analysis
because they had not followed the instructions to use the entire
confidence rating scale, which resulted in abnormal ROC func-
tions. The 2-way ANOVA showed a significant main effect of
valence on recollection [F(1,27) = 6.68, P = 0.015], but not
familiarity, with recollection being enhanced for aversive pic-
tures relative to neutral; see Figure 3. There was no main effect
of drug on familiarity or recollection or any arousal × drug
interaction. However, correlation analyses showed a significant
inverse correlation between amisulpride level and recollection
estimates for aversive pictures (r = −0.59, P = 0.033); see
Figure 4. There was no significant correlation between recollec-
tion estimates and neutral pictures or between familiarity esti-
mates and either group of pictures.

From our examination of ROCs for the individuals in each
group, we determined that the average ROCs were representa-
tive of the individual participant ROCs. The average ROCs for
aversive and neutral conditions for the placebo and amisul-
pride groups are presented in Figure 5. We conducted a quali-
tative analysis of the ROC functions in line with Yonelinas
(1994) and Yonelinas, et al. (1998). All the functions are curvi-
linear and asymmetrical along the diagonal. This suggests a
contribution of both recollection and familiarity to the recogni-
tion memory process. The functions of the amisulpride and
placebo groups overlap for neutral pictures, indicating no
performance benefit for the placebo group over the amisulpride
group. The functions of both groups for aversive pictures are
skewed relative to those for neutral pictures, indicating a

Figure 1 Mean proportion of hits and false alarms in placebo (n = 16)
and amisulpride (n = 16) groups.

Figure 2 Mean reaction times for hits and false alarms in placebo
(n = 16) and amisulpride (n = 16) groups.
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greater contribution of recollection for the emotionally arous-
ing pictures, compared with neutral pictures in both groups.
However, the function of the placebo group for the aversive
pictures is skewed relative to that of the amisulpride group,
suggesting that recollection made a greater contribution to dis-
crimination in this group, whereas the amisulpride group relied
more on familiarity.

Discussion

This study investigated the effects of the dopamine antagonist
amisulpride on the recollection and familiarity components of
emotional memory using a DPSD model. The main finding
was a significant inverse correlation between amisulpride levels
at encoding and recollection estimates for emotionally arousing
stimuli. Significant correlations were not observed for neutral
stimuli or for familiarity estimates. This indicates that amisul-

pride administered at encoding has a detrimental effect on the
recollection, but not familiarity component of emotional mem-
ory. This was also supported by qualitative ROC analysis.
However, we failed to find main effects or interactions in rela-
tion to recollection and familiarity estimates. Possible reasons
for this failure are discussed further below. Nevertheless, these
results corroborate and extend our previous finding of emo-
tional memory impairment with amisulpride. Recent studies
using the R/K procedure have suggested that recollection, but
not familiarity, is enhanced by emotional arousal (Dolcos,
et al., 2005; Sharot, et al., 2007; Ochsner, 2000; Kensinger
and Corkin, 2003). Our results using the more sensitive
DPSD model support this. They also suggest that it is the pro-
cess of recollection, rather than familiarity that is particularly
sensitive to the effects of drugs, which impair emotional
memory.

Recognition rates alone are not considered to provide reli-
able estimates of recognition memory performance because
they are dependent on individual response biases (Macmillan
and Creelman, 2005). Recent studies examining recognition
memory performance from a single-process perspective have
therefore tended to report alternative measures of memory
accuracy such as percentage correct, corrected hit rates or mea-
sures derived from SDT (d’) as the primary outcome measure.
Such measures have supported a recognition memory advan-
tage for emotional stimuli (Ochsner, 2000; Kensinger and Cor-
kin, 2003). False alarm rates are often not reported, although
there is evidence to suggest that they may also provide a good
measure of recognition memory performance (Branconnier,
et al., 1982). This is supported by the present study in which

Figure 3 Mean familiarity and recollection estimates in placebo (n = 15)
and amisulpride (n = 14) groups.

Figure 4 Scatterplot and regression relationship (solid line) between
recollection scores and amisulpride plasma levels.

Figure 5 Receiver operating characteristics (ROCs) for the placebo and
amisulpride groups for aversive-arousing and neutral conditions plotted in
probability space. The x-axis represents the proportion of new pictures
incorrectly identified as ‘old’. The y-axis represents the proportion of old
pictures correctly identified. The diagonal represents chance
discrimination.
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amisulpride administration at encoding resulted in an inflated
false alarm rate for emotional but not neutral stimuli at recog-
nition memory testing, but had no effect on hit rates. There is
evidence that false alarms result primarily from familiarity jud-
gements (Wolk, et al., 2006; Rubin, et al., 1999). There is also
evidence that individuals resort to familiarity-based strategies
when recollection is impaired, resulting in increased rates of
false recognition (van Erp, et al., 2008; Thoma, et al., 2006).
It has also been suggested that emotionally arousing stimuli
are inherently more familiar than neutral stimuli because of
enhanced processing fluency (Ochsner, 2000). It, therefore,
seems likely that impairment in recollection processes in the
amisulpride group led to dependence on a familiarity-based
recognition strategy, leading to the observed elevated false
alarm rate for the more familiar aversive stimuli. This suggests
that recollection may enhance recognition memory perfor-
mance by superseding familiarity to facilitate rejection of
unseen items. This is consistent with previous observations
(Hintzman and Curran, 1994). Our study indicates that such
a process may be particularly relevant in the case of emotional
stimuli and is supported by our reaction time data. In our
study, the amisulpride group showed shorter reaction times in
response to emotional stimuli compared with neutral stimuli,
with the reverse being observed in the placebo group. Previous
studies have shown that familiarity-based judgements occur at
a faster speed than recollection-based judgements (Yonelinas,
2002). We, therefore, suggest that our reaction time data sup-
ports a familiarity- rather than recollection-based recognition
strategy for emotional stimuli in the amisulpride group com-
pared with the placebo group. It is, however, possible that the
observed differences in reaction times and false alarm rates for
aversive stimuli could have occurred because of a speed-
accuracy trade-off in the amisulpride group. However, it
seems unlikely that this would apply to only one stimulus cate-
gory. No such differences were observed for neutral stimuli.
Additionally, it would also be expected to result in a reduction
in the hit rate for aversive stimuli which was not observed. Fur-
thermore, the likelihood of such a trade-off was reduced by
explicitly instructing participants not to compromise accuracy
for speed.

Amisulpride is a selective D2/D3 receptor antagonist with lim-
bic selectivity (Schoemaker, et al., 1997; Bressan, et al., 2003).
Lesion and functional neuroimaging studies in humans have
identified limbic structures, particularly the amygdala, as the crit-
ical neural substrate for emotional memory (Cahill, et al., 1995,
1996; Canli, et al., 2000; Hamann, et al., 1999; Adolphs, et al.,
1997). Further studies suggest that this occurs via amygdala-
modulation of hippocampus-dependent consolidation processes
and is dependent on adrenergic neurotransmission (Cahill and
Alkire, 2003; Cahill, et al., 1994; van Stegeren, et al., 1998,
2005). Others and we have recently reported that dopaminergic
transmission is also likely to play a significant role (Mehta, et al.,
2005; Gibbs, et al., 2007) and this is likely to involve the amyg-
dala (Guarraci, et al., 1999, 2000; Hariri, et al., 2002; LaLumiere,
et al., 2003, 2004; Takahashi, et al., 2005).

The neurobiological underpinnings of the recollection and
familiarity components of recognition memory in general, and
particularly in relation to emotional memory, have relatively
recently begun to be investigated. Lesion studies investigating
patients with amnesia suggest that the hippocampus is crucial
to recollection-based recognition memory judgements, whereas
other temporal lobe regions such as the parahippocampal gyrus
subserve familiarity-based discrimination (Yonelinas, et al.,
2002). More recently, functional imaging studies have also
begun to suggest a distinction between brain regions recruited
at encoding in subsequent recollection versus familiarity judge-
ments. For example, in an fMRI study using the R/K proce-
dure, Henson, et al. reported that left pre-frontal activity at
encoding was associated with subsequent ‘remember’ as
opposed to ‘know’ judgements (Henson, et al., 1999). Ranga-
nath, et al. found that encoding activity in the rhinal cortex
predicted familiarity-based recognition, whereas activity in the
hippocampus selectively predicted recollection (Ranganath,
et al., 2003). However, the relative contribution of different
brain regions remains unclear. More recent studies have
focused on dissociable neural correlates at retrieval, leaving
the issue of encoding unresolved (Skinner and Fernandes,
2007). Similarly, the neural correlates of subsequent recollec-
tion and familiarity judgements in relation to emotional mem-
ory have not been well investigated. One study investigating
emotional stimuli has reported a greater role for the amygdala
and hippocampus in recollection judgements at retrieval
(Dolcos, et al., 2005). However, whether this applies to encod-
ing remains unclear.

Nevertheless, the evidence outlined above suggests that
enhanced recollection, as opposed to familiarity for emotional
stimuli relative to neutral stimuli, is related to amygdala-
modulation of hippocampal-dependent processes. Amygdala
activation at encoding may lead to increased binding of
affectively related contextual detail, augmenting subsequent
recollection. Amisulpride may interfere with this process at
encoding by disrupting limbic dopaminergic transmission.
Our findings suggest that this may be dose-related. This
remains speculative, given that we did not measure limbic
dopamine receptor occupancy following amisulpride adminis-
tration in this study. The complex pharmacokinetic profile of
amisulpride should also be taken into account in the interpre-
tation of our findings. There is considerable inter-subject vari-
ability in peak plasma levels, which consist with the wide range
of values observed in our study (Rosenzweig, et al., 2002). This
variability may have contributed to our failure to find a main
effect of amisulpride on recollection and familiarity estimates.
Furthermore, the relationship between amisulpride dose,
plasma concentrations and dopamine blockade is unclear. We
were unable to find any published studies of dopamine receptor
occupancy following a single 400 mg dose in healthy volun-
teers. However, a number of studies in amisulpride-treated
patients with schizophrenia suggest that amisulpride plasma
concentrations are highly positively correlated with D2/D3

receptor occupancy in both striatal and extra-striatal regions
(la Fougere, et al., 2005; Martinot, et al., 1996). Xiberas, et al.
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(2001) found that relatively low plasma concentrations
(28–92 μg/L) induced marked extrastriatal occupancy. The
amisulpride levels achieved in our study are consistent with
extrastriatal receptor occupancies ranging from 48% to 93%
(Bressan, et al., 2003; Xiberas, et al., 2001). However, it is dif-
ficult to extrapolate these data, based on repeated dosing
steady-state concentrations to the present study where a single
dose was given. There is evidence indicating that permeation of
amisulpride across the blood–brain barrier is poor and it has
been suggested that it therefore reaches its target brain struc-
tures via the blood–cerebrospinal fluid barrier (Hartter, et al.,
2003). This much slower route may result in delayed brain
availability following a single dose. Combined with the consid-
erable variation in plasma levels, this may have contributed to
our failure to find a main effect of amisulpride on recollection
and familiarity estimates. Further studies using amisulpride
should consider a repeated dosing regime.

On the basis of our previous findings, we hypothesised that
the anti-psychotic effect of dopamine antagonists may derive,
in part, from their ability to ‘dampen down’ emotional mem-
ory. It is the recollection component of emotional memory that
is likely to be associated with the binding of affective contex-
tual detail at or around encoding. There is evidence to suggest
that memory for such detail may be important in the genesis
and maintenance of delusional beliefs (Bentall, 1994; Bentall,
et al., 1995). The present study, therefore, suggests that the
antipsychotic effect of amisulpride may relate in part, to its
attenuation of the recollection component of emotional mem-
ory, with relative sparing of the familiarity component. How-
ever, the observed increase in false recognition of emotional
stimuli following amisulpride administration warrants further
consideration. If the consequence of attenuation of recollection
is an increase in false memory because of over-reliance on
familiarity processes, this could also contribute to delusion for-
mation in psychosis. In considering this effect, it is important
to note that in this study we only considered the effect of a
single dose of amisulpride at encoding. It has been suggested
that dopaminergic transmission (Windmann and Kutas, 2001)
and amygdala activity (Sharot, et al., 2004) may underlie the
tendency to falsely recognise emotional stimuli at retrieval.
Although speculative, it is possible that dopamine antagonism
at retrieval (as would be the case in the therapeutic admini-
stration of dopamine antagonists) may also contribute to a
reduction in ‘false’ emotional memory. However, this requires
further investigation.

The present study also has further implications for recogni-
tion memory testing in medicated patients. A number of studies
using different methods to investigate recognition memory
have concluded that recollection is impaired in schizophrenia
relative to healthy controls, whereas familiarity is preserved
(Huron and Danion, 2002; Danion, et al., 1999; Weiss, et al.,
2008). Other recent studies have either failed to find such an
effect (Ragland, et al., 2006), found the reverse (Weiss, et al.,
2008), or found impairment in both recollection and familiarity
(Danion, et al., 2003). This last study also compared the effect
of emotional salience on recollection and familiarity estimates

in patients with schizophrenia and healthy controls, but failed
to find any significant interaction. Our study suggests that the
inconsistency in findings may be due not only to differences in
paradigms and the emotional salience of the stimuli used but
also to differences in medication. For example, in a group of
medicated patients with schizophrenia, Thoma, et al. (2006)
showed an association between negative symptoms and
impairment of recollection using an R/K procedure and a stan-
dard recognition memory test for lists of words. However, it is
of note that the mean dose of anti-psychotic medication was
higher in the group with higher negative symptom scores. The
extent to which medication may interact with disease processes
to produce observed neuropsychological effects therefore
remains unclear.

Further limitations to this study include the relatively small
sample size, which may have contributed to our failure to find
a main effect of amisulpride on recollection and familiarity
estimates. Additionally, while the between-subjects design was
necessary, it allows for possible confounding of the results by
individual differences. Given the increasing evidence for differ-
ences in emotional memory and emotional processing between
men and women, we chose to limit our sample to a single gen-
der to minimise between-group differences and avoid the
potential loss of power associated with a mixed-gender group
of the same size. Hence, the extent to which the present find-
ings are applicable to women is unclear. We also chose to use a
single class of emotional stimuli. There is substantial evidence
that emotional memory is mediated by the arousal characteris-
tics of stimuli as opposed to valence per se (Anderson, 2005;
Keil and Ihssen, 2004; Bradley, et al., 1992). There is also
evidence to suggest that aversive stimuli are associated with
greater arousal properties than their positive counterparts
(Bradley, et al., 2001). We, therefore, chose to use aversive
stimuli to maximise emotional enhancement of memory and
increase the likelihood of detecting drug effects. However, we
would predict that our findings are also applicable to positively
valenced stimuli, but this requires further investigation.
Finally, it is possible that amisulpride may have had an effect
on other cognitive processes (e.g., attention) that may have
contributed to the observed effects as opposed to a specific
effect on memory per se. However, in our previous study, we
also reported that amisulpride had no effect on the affective
modulation of attention (Gibbs, et al., 2007). This suggests
that the effect of amisulpride in this study is unlikely to be
mediated by effects on attention.

This study further contributes to our understanding of how
dopamine antagonists may exert their therapeutic effects at a
cognitive level. It also contributes not only to our understand-
ing of the cognitive effects of dopamine antagonism on the rec-
ollection and familiarity components of emotional memory but
also to our understanding of the nature of recognition memory
processes in general. Our results suggest that the effects of
dopamine antagonists on these components of emotional mem-
ory warrant further investigation. In the meantime, caution
should be applied in attributing neuropsychological findings
to disease processes in medicated patients.
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