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Blunted Hormone Responses to Ipsapirone are Associated

with Trait Impulsivity in Personality Disorder Patients
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Impulsive aggression is associated with central serotonergic dysfunction. Animal models particularly implicate the 5-HT 4 receptor in this
behavior. We tested the hypothesis that central 5-HT 5 receptor function is impaired in impulsive aggressive personality disorder
patients. A total of 52 individuals with DSM-III-R personality disorders, all medically healthy adult outpatients without concurrent
psychiatric medication treatment, underwent serial plasma cortisol, prolactin, and temperature measurements before and after ipsapirone
20mg oral administration. Subjects completed self-report measures of impulsivity, hostility, depression and anxiety, and childhood
maltreatment. Stepwise regression analysis revealed impulsivity alone among symptom measures to be associated with significantly
decreased peak cortisol and prolactin responses. Diagnoses of borderline personality disorder (BPD) and intermittent explosive disorder-
revised (IED-R) were associated with significantly increased and decreased cortisol responses, respectively. However, post hoc analyses
indicated that impulsivity was significantly negatively correlated with cortisol responses in the BPD group, and may mediate the
association of both BPD and IED-R with altered cortisol responses. Temperature response was associated with neither diagnostic nor
symptom measures. Neither diagnostic nor dimensional measures of depression or anxiety, nor severity of childhood maltreatment,
were significantly associated with cortisol, prolactin, or temperature responses. Impulsivity is related to impaired function at (or
downstream to) postsynaptic 5-HT 4 receptors, and this relationship may be partly responsible for the association of impaired
serotonergic function with diagnoses such as BPD and IED-R. In addition, D, receptor dysfunction may play a role in impulsivity, whereas

INTRODUCTION
5-HT;, Receptor Function in Impulsive Aggression

Considerable evidence has accumulated showing that
impulsive and aggressive behaviors across psychiatric
diagnoses are associated with impaired central serotonergic
function (reviewed in Lee and Coccaro, 2001). The 5-HT; 4
receptor in particular has been implicated in rodent models,
as administration of selective 5-HT;, receptor agonists
(such as the azapirone ipsapirone) leads to decreased
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aggressive behavior in several rodent models of offensive
aggression (Bell and Hobson, 1994; Olivier et al, 1995). This
evidence suggests that individuals with impulsive aggressive
behavior may exhibit functional impairment of central
5-HT, receptors. The functional status of central 5-HT,
receptors can be assessed in humans in vivo by means
of elevated plasma cortisol and hypothermic responses
to exogenous 5-HT;, receptor agonists. The first effect
is thought to be due to postsynaptic 5-HT,, receptor
activation on hypothalamic cells that release corticotrophin
releasing factor (Fuller, 1992). The second effect may be due
to activation of either postsynaptic 5-HT;, receptors and/or
cell-body 5-HT;, autoreceptors that inhibit serotonergic
neuronal action potential generation (Cowen et al, 1990). In
addition, the azapirones also stimulate increases in plasma
prolactin, an effect mediated by either post-synaptic 5-HT 5
receptor activation or dopamine-2 (D,) receptor antago-
nism (Meltzer et al, 1991). Elevations in circulating cortisol
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and (more variably) prolactin can be reliably demonstrated
in healthy human subjects after oral administration of
ipsapirone (Lesch et al, 1989, 1990; Kahn et al, 1994; Cleare
et al, 1998).

Using this paradigm, self-reported aggressiveness (mea-
sured with the Buss-Durkee Hostility Inventory, BDHI) has
been associated with impaired cortisol response to ipsapir-
one in both healthy subjects (Cleare and Bond, 2000) and
personality disordered individuals (Coccaro et al, 1995). In
addition, self-reported aggressiveness has been associated
with blunted prolactin response to buspirone (Coccaro et al,
1990) and ipsapirone (Cleare and Bond, 2000), disinhibition
has been associated with blunted prolactin response to
ipsapirone (Netter et al, 1996), and borderline personality
disorder (BPD) has been associated with blunted prolactin
response to flesinoxan (an agent like the azapirones, with
5-HT,, agonist and D, antagonist activity) (Hansenne et al,
2002). However, others have found increased cortisol
responses to ipsapirone, in association with aggression
(Netter et al, 1999) and active mania (Yatham et al, 1999),
and to meta-chlorophenylpiperazine (m-CPP, an agent with
multiple serotonergic actions (Gatch, 2003)), in association
with BPD (Hollander et al, 1994). A few studies have found
no association of cortisol response to ipsapirone in relation
to either trait anger (Klaasen et al, 2002), disinhibition
(Netter et al, 1996), or levels of aggressive responding on a
laboratory test of interpersonal antagonism (Moeller et al,
1998), although the first two of these studies may have used
suboptimal doses of ipsapirone (Kahn et al, 1994). Overall,
this literature suggests that various syndromes of impulsi-
vity and aggressive behavior involve alterations in the
function of 5-HT;, and possibly D, receptors as well. In
some of these disorders, it is also possible that other
changes (eg, compensatory upregulation) may arise partly
in response to deficits elsewhere in the serotonin system.

The Present Study

In the present study, we tested the hypothesis that impulsive
aggression in personality disorder patients is associated
with impaired function of central 5-HT;, receptors. Among
personality disorders as a group of diagnoses, some, such as
BPD, are characterized by hallmark clinical features of
impulsive aggression. Overall, there is a significant range of
severity of these symptoms in patients with personality
disorders, permitting an adequate test of the relationship
of these symptoms to underlying biological measures, such
as 5-HT;, receptor function. The relative association of
impulsivity and hostile/antagonistic behavior was evaluated
in order to distinguish between related clinical features that
are often confounded in measures of impulsive aggression.
We also evaluated the relationship of personality disorder
and comorbid Axis I diagnoses with altered 5-HT , receptor
function, with post hoc tests where appropriate to consider
whether these relationships are mediated by trait measures
of impulsive aggression. Childhood maltreatment history
was also evaluated for association with cortisol response
to ipsapirone, given the high rates of reported childhood
maltreatment in personality disorder samples (Battle et al,
2004) and the association of maltreatment with HPA axis
disturbances (Heim and Nemeroff, 2001). Dimensional and
categorical (diagnostic) measures of depression and anxiety
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were also assessed, because of the association of these
symptoms with altered 5-HT,;, receptor function (Lesch,
1991; Meltzer and Maes, 1995; Drevets et al, 1999), and their
frequent appearance in personality disorder patients. We
chose cortisol as an outcome measure rather than ACTH
(although ACTH is more directly related to hypothalamic
5-HT 4 receptor activation) in order to resolve the results of
this study with the foregoing literature on aggression and
impulsivity, and because we have found previously that
cortisol elevations are more reliably demonstrated than
ACTH after ipsapirone administration to healthy subjects
(Kahn et al, 1994).

SUBJECTS AND METHODS
Subjects

Individuals with DSM-defined personality disorders
(n=52) were recruited primarily from the community but
also by referral from clinician colleagues in the greater New
York City region. This group had a mean age of 37.3+9.4
years and was 69% male. Inclusion criteria included ages
>18 and <60, no significant medical illness, including no
history of neurological illness or head injury. All subjects
were within 20% of their ideal body weight (according to a
standard health information chart published by Signa
Health). All female subjects were studied in the first 10
days of their menstrual cycle, and none were currently
taking oral contraceptive medication. A single female
subject was postmenopausal at study; all results remained
unchanged upon repeat analyses with this subject excluded
(data not shown). Personality disorder subjects were
excluded if they had lifetime co-morbid diagnoses of a
primary psychotic disorder, bipolar affective disorder type
I, or substance dependence. No subjects met substance
abuse criteria within 6 months of study. Over 80% of this
sample had never been treated with psychiatric medication.
All subjects who were in current treatment with psychiatric
medication at study entry had a minimum 2-week (or five
half-lives) medication wash-out period prior to participa-
tion in the experimental protocol. Subjects were also
queried about recent alcohol use and excluded from
participation if they endorsed use just prior to the study
procedure. All subjects underwent diagnostic assessment
with the Structured Interview for DSM-III-R Personality
Disorders (SIDP-R) (Pfohl et al, 1989). A total of 26 subjects
met criteria for one or more cluster A personality disorders,
19 for cluster B disorders other than BPD, and 51 for cluster
C disorders; the mean number of personality disorder
diagnoses was 3.2+ 1.7. Axis I disorders were evaluated
using the Structured Clinical Interview for DSM-IV Axis I
(SCID-I) (First et al, 1995). In addition, a module was
employed for intermittent explosive disorder-revised (Coc-
caro et al, 1998). Consensus diagnoses were arrived at with
the assistance of an expert diagnostician (JS). Frequencies
of BPD and Axis I diagnoses are indicated in the Statistical
Analysis section. Clinical traits of Impulsivity, Hostility,
Depression, and Anxiety were assessed with the Barratt
Impulsivity Scale—11th version (Patton et al, 1995), Buss-
Durkee Hostility Inventory (BDHI) (Buss and Durkee,
1957), Hamilton Depression Scale (Hamilton, 1960), and
Spielberger State-Trait Anxiety Inventory (STAI) (Spielberger



et al, 1983), respectively. Childhood maltreatment history
was assessed with the Childhood Trauma Questionnaire
(CTQ, 25-item version) (Bernstein and Fink, 1998).
Informed consent was obtained prior to all study proce-
dures, subject confidentiality was maintained throughout,
and procedures were carried out in accordance with the
Declaration of Helsinki and the Mount Sinai IRB.

Ipsapirone Probe

Subjects were admitted in a fasting condition to the Mount
Sinai General Clinical Research Center at 0800, and
maintained on NPO status from midnight of the day prior
to the study, through the completion of the procedure. The
room temperature was maintained between 66 and 75°F.
Following placement of an intravenous line, kept patent by a
slow infusion of normal saline, the subjects were placed on
bedrest in a quiet room with the only activity being the
entry and procedural activity of the investigator. At 1000,
participants were administered a 20 mg dose of ipsapirone
orally. Blood samples and vital signs were collected at
15min intervals from minus 60min to plus 210 min
following administration of ipsapirone. Samples were stored
in a —80°C freezer until their analysis for cortisol and
prolactin via standard radioimmunoassay technique.

The intra- and interassay coefficients of variation for
assay of these hormones are 6 and 10% respectively for
cortisol, and 1.8 and 3.9% respectively for prolactin
(Koenigsberg et al, 2004). Our dependent measures were
maximum delta-peak for both cortisol and prolactin (Delta-
CRT and Delta-PRL), that is, peak hormone level following
ipsapirone minus baseline. Area under the curve was also
calculated for hormone levels following ipsapirone and
results were similar to delta-peak hormone responses (data
not shown). Temperature response to ipsapirone was
computed as the maximal change in temperature (baseline
minus nadir, °F) following ipsapirone administration.

Statistical Analysis

We first assessed the effects of age, sex, and body weight on
the outcome measures of temperature and hormone levels,
each at baseline and in response to ipsapirone, in order to
address potential confounding factors. We then conducted a
series of stepwise multiple regression analyses to evaluate
the association of both dimensional (trait) and categorical
(diagnostic) measures as independent variables, each first
with baseline measures and then with responses to
ipsapirone. We have chosen the present analytic approach
for several reasons: (1) with repeated-measures ANOVA, the
variance is typically misestimated due to the variable
correlations between repeated measures typically found in
physiology research (Kristensen and Hansen, 2004); (2)
change scores are also commonly utilized in longitudinal
treatment response designs in psychiatry (Ekstrom et al,
1990), and, as summary measures, have an advantage of
ease of interpretability (Hennen, 2003); and (3) stepwise
regression allows for an ‘omnibus’ test of association of a
number of predictor variables that are hypothetically
related to the dependent variable, which we are compelled
to consider given the extensive diagnostic comorbidity
inherent in this personality disorder sample. This approach
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also allows for the simultaneous evaluation of diagnostic
and trait/symptom measures, and estimates of the relative
portion of the variance accounted for in the depen-
dent variables by these clinical measures. We therefore
believe that this approach is reasonably valid, conservative,
and comprehensive with the present data set. Trait
measures included Impulsivity (mean 38.7 +13.0), Hostility
(mean 35.3+14.3), Depression (mean 15.0+7.8), Trait
Anxiety (mean 50.5+ 13.2), and State Anxiety (mean 42.8 +
13.0). Childhood maltreatment (CTQ total score, mean
49.84+17.6) was also considered in this analysis. In the
stepwise regression analysis of diagnoses, current DSM-
II-R diagnoses of BPD (n=21), IED-R (n=21), major
depressive disorder (n=25), dysthymic disorder (n=10),
depression not otherwise specified (n=1), post-traumatic
stress disorder (n=6), obsessive-compulsive disorder
(n=6), panic disorder (n=6), and generalized anxiety
disorder (n=12) were evaluated, although the full range of
Axis I disorders were addressed in the diagnostic evaluation
(15 subjects were comorbid for BPD and IED-R). Total
numbers of diagnoses per subject of personality disorders
(mean 3.2+1.7), mood disorders (mean 0.7+0.6), and
anxiety disorders (mean 0.6+0.8) were also considered in
this analysis. Where demographic variables were associated
with outcome measures, or where diagnostic or trait
variables were associated with baseline measures, the
demographic variables or baseline measures were then
entered as independent variables to the regression analyses
of ipsapirone response measures. This strategy was used to
control for possible confounding effects of either demo-
graphic differences or varying baseline measures on the
ipsapirone response measures. All independent variables
were entered in a forward manner into their respective
regression models, with probabilities to enter and remove
variables set at p=0.05 and 0.10, respectively, for all
analyses.

RESULTS
Cortisol

The mean baseline cortisol level was 12.1+4.8 ug/dl, and
mean peak cortisol response to ipsapirone was 13.5+8.0
pg/dl. Age was associated with neither baseline cortisol
(Pearson’s r=—0.03) nor cortisol response to ipsapirone
(r=—0.02). Body weight was associated with neither
baseline cortisol (r=—0.03, p=0.9) nor cortisol response
to ipsapirone (r=—0.07, p=0.6). In addition, female
subjects were not significantly different from male subjects
on either baseline cortisol (12.7+4.5 vs 11.8+5.0 ug/dl;
t=0.61, df =50, p =0.55) or cortisol response to ipsapirone
(15.6+8.4 vs 12.5+7.7 pug/dl; t=1.29, df =50, p = 0.20).

In stepwise regression analysis, neither dimensional nor
diagnostic measures were associated with baseline cortisol
levels. Subsequently, in the stepwise regression analysis of
dimensional variables, Impulsivity was the single significant
predictor of decreased cortisol response to ipsapirone
(adjusted R*=0.072; t=—2.22, p=0.031). Dimensional
Hostility, Depression and Anxiety symptoms, and Child-
hood Maltreatment were not associated with significant
effects on cortisol response. Stepwise regression analysis of
diagnostic variables revealed two significant diagnostic
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ipsapirone in personality disorder subjects.

predictors of cortisol response to ipsapirone (total adjusted
R*=10.176): BPD (t=2.71, p=0.009) and IED-R (t=—3.41,
p=0.001). The mean cortisol response for BPD vs nonBPD
subjects was 14.8+7.5ng/dl and 12.6+8.3 pg/dl, respec-
tively; and for IED-R vs nonlED-R subjects were 10.6+7.2
and 15.4+8.1pg/dl, respectively. The results of the
regression analyses indicate that BPD was associated
with significantly increased cortisol response whereas
IED-R was associated with significantly decreased cortisol
response to ipsapirone. However, cortisol response to
ipsapirone was negatively correlated with impulsivity in
the BPD group (Pearson’s r=—0.57, p=0.021) (Figure 1).
No mood or anxiety disorder diagnoses were associated
with significant effects on cortisol response, nor were the
total number of personality disorder, mood disorder or
anxiety disorder diagnoses per subject. We also conducted a
post hoc stepwise regression analysis to evaluate the relative
association of those diagnostic and dimensional variables
that were found to be significant predictors of cortisol
response in the regression analyses just described.
BPD, IED-R, and Impulsivity scores were entered to the
regression model in the same forward manner as with
other analyses. This analysis revealed a single significant
predictor, Impulsivity (adjusted R®>=0.072; t=—2.22,
p=0.031). BPD and IED-R effects in this regression model
were reduced to nonsignificance (f=1.52, p=0.134, and
t=—1.55, p=0.127, respectively). These findings appear to
indicate that there was a negative relationship between
Impulsivity and cortisol response to ipsapirone in the BPD
group, although the BPD group on average showed cortisol
responses that were shifted upward relative to the rest of the
personality disorder sample (Figure 1). These findings also
suggest that the effects of BPD and IED diagnoses on
cortisol response to ipsapirone are largely mediated by
dimensional impulsivity.

Prolactin

The mean baseline prolactin level was 7.7 +3.6 ng/ml, and
mean prolactin response to ipsapirone was 3.6+ 7.0 ng/ml.
Age was inversely related to baseline prolactin (r=—0.37,
p=0.008) but not prolactin response to ipsapirone
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(r=0.02). Body weight was associated with neither baseline
prolactin (r=—0.24, p=0.09) nor prolactin response to
ipsapirone (r=0.17 p=0.23). Female subjects had signifi-
cantly higher baseline prolactin levels than males (10.8 +4.0
vs 6.3 +2.4ng/ml) (t=5.00, df =50, p<0.0005) but prolac-
tin levels in response to ipsapirone that were not
significantly different from males (1.6+54 vs 4.5+
7.5ng/ml) (t=1.41, df=50, p=0.17). In stepwise regres-
sion analyses, symptom measures were not associated with
baseline prolactin; however, Impulsivity was significantly
associated with blunted prolactin response to ipsapirone
(adjusted R*=0.10; t=—2.58, p=0.013). Age and sex did
not make significant additional contributions to prolactin
response to ipsapirone with Impulsivity entered to the
regression model. No diagnoses were significantly asso-
ciated with prolactin either at baseline or in response to
ipsapirone.

Temperature

Age was inversely related to baseline temperature
(r=-0.33, p=0.023) but was not related to temperature
response to ipsapirone (r = —0.09, p =0.5). Female subjects
had a significantly higher baseline temperature than male
subjects (98.0+0.5°F vs 97.4+0.6°F) (t=3.76, df=49,
p<0.0005) but a temperature response to ipsapirone
that was not significantly different from male sub-
jects (0.89+0.76°F vs 0.66+0.78°F) (+=—0.98, df=49,
p=0.33). In regression analyses, only BPD among the
diagnostic and symptom measures was associated with
baseline temperature (adjusted R>=0.12; t=3.21,
p=0.002). However, with baseline temperature entered to
the stepwise regression analysis of temperature response to
ipsapirone, neither BPD nor other diagnoses nor symptom
measures were associated with temperature response to
ipsapirone.

DISCUSSION

In this study, we evaluated the association of trait and
diagnostic measures of impulsive aggression with impaired
central 5-HT,, receptor function, measured by plasma
cortisol, prolactin, and hypothermic responses to ipsapir-
one, in an outpatient sample of 52 individuals with
personality disorder diagnoses. We found that trait
impulsivity is associated with decreased postsynaptic 5-
HT,; 4 (and possibly D,) receptor responsivity to ipsapirone,
and may mediate the association of BPD and IED-R with
altered 5-HT;, receptor function. Categorical and dimen-
sional measures of depression and anxiety were not
responsible for these associations, nor was the severity of
childhood maltreatment history. In addition, no evidence
was found for altered responsivity of the cell-body 5-HT;,
autoreceptor.

These findings are consistent with the evidence from
animal models and clinical serotonergic challenge studies in
humans, which indicate that impulsive and aggressive
behavior is associated with impaired central 5-HT,,
receptor function. The present experimental paradigm
assesses postsynaptic 5-HT,, receptors in the hypothala-
mus, a brain region that is associated with social and



emotional behavior, including aggressive behavior. How-
ever, these findings may additionally be consistent with a
more general postsynaptic 5-HT;, receptor mediation of
the blunted serotonergic responses observed in brain
imaging experiments in frontal cortical regions that are
also responsible for emotional-behavioral integration, such
as the anterior cingulate and ventral prefrontal cortex
(Siever et al, 1999; Soloff et al, 2000; New et al, 2002). We
also found that hostility per se is not significantly associated
with altered 5-HT;, receptor function, when the effects of
impulsivity are accounted for in the regression model.
Antagonistic thoughts and emotions are confounded with
behavioral dyscontrol to some extent in measures such as
the Buss-Durkee Hostility Inventory, and therefore we used
a separate measure of impulsivity (Barratt Impulsivity
Scale) to contrast the negative moods from the behavioral
dyscontrol, both of which are exhibited in the syndrome of
impulsive aggression. The results suggest that impulsivity
is a specific consequence of impaired 5-HT,;, receptor
function, and that hostility may be related to disturbances
at other sites within the central serotonin system, or in
other monoamine systems that interact with serotonin such
as the catecholamines.

Interestingly, the BPD diagnosis was associated with
significantly greater cortisol response to ipsapirone, relative
to subjects with other personality disorder diagnoses. A
similar finding among BPD patients was reported in a study
of cortisol response to m-CPP (Hollander et al, 1994). It is
certainly possible that BPD patients exhibit relatively
increased activity in the hypothalamic-pituitary-adrenal
axis unrelated to the hypothalamic 5-HT,, receptor, which
would be consistent with the findings of a recent study
reporting higher diurnal salivary cortisol in female BPD
patients without major depression, relative to healthy
controls (Lieb et al, 2004). This could result in enhanced
cortisol levels in response to similar levels of hypothalamic
5-HT;, receptor activation. Nevertheless, the negative
correlation between impulsivity and cortisol response to
ipsapirone in the BPD group indicates that this relationship
is consistent for the BPD subjects as it is for the sample as a
whole. The upward shift of cortisol response observed in the
BPD group overall, relative to the other personality disorder
subjects, may additionally suggest that BPD patients exhibit
a relatively greater capacity for compensatory upregulation
of postsynaptic 5-HT, 5 receptor function. Nevertheless, we
found that trait impulsivity was more closely related to
cortisol response than diagnostic status. It was also the only
measure associated with blunted prolactin response to
ipsapirone, which may reflect altered function at the 5-HT 4
receptor and/or the D, receptor in the hypothalamus. Taken
together, these results suggest that, in a sample of
individuals characterized by a categorical psychiatric
diagnosis such as BPD or IED-R, exaggerated degrees of
traits such as impulsivity may be the more important (or
more direct) correlate of altered central serotonergic
dysfunction (Minzenberg and Siever, 2005). The lack of
diagnostic or symptom associations with temperature
response to ipsapirone suggests that these disorders may
exhibit 5-HT;, receptor dysfunction extrinsic to seroto-
nergic neurons themselves, as we have not found evidence
for cell-body 5-HT,, autoreceptor dysfunction in these
individuals.
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The functional status of central 5-HT;, receptors has not
been well studied in other impulse control disorders to
date. Preliminary evidence suggests that 5-HT;, receptor
gene variation contributes a small but significant amount
of variance to symptom scores for attention-deficit
hyperactivity disorder (Comings et al, 2000); a variant in
the 5-HT, , receptor (due to a missense nucleotide change)
has been isolated in a patient with Tourette’s syndrome
(Lam et al, 1996); and selective 5-HT;, receptor agonists
can reduce alcohol intake in dependent animals (De Vry,
1995). However, other investigators have found no
association of the 5-HT;, receptor gene with Tourette’s
syndrome (Brett et al, 1995), and increased cortisol
response to ipsapirone in active mania (Yatham et al,
1999). The general role of central 5-HT;,-receptor dys-
function across impulse control disorders remains to be
fully investigated. On the basis of the present evidence,
we would suggest that 5-HT;s-receptor dysfunction may
be a contributing factor to impulsivity across psychiatric
diagnoses.

Study Limitations

We did not evaluate the basal circadian rhythms of cortisol,
prolactin, or body temperature in this study. There is
evidence that depression is associated with phase advances
in circadian and ultradian rhythms of circulating cortisol
and prolactin levels (Koenigsberg et al, 2004); this
phenomenon, to our knowledge, has not been studied in
the disorders presently under study. We therefore cannot
rule out that observed differences in circulating hormone
levels measured after ipsapirone administration are due to
differences in underlying rhythmicity of basal hormone
levels rather than altered responses to ipsapirone. In
addition, in this study (as with many in this literature),
we have measured cortisol but not adrenocorticotropin
(ACTH), which is a more direct measure of hypothalamic
5-HT, 4 receptor regulation of the HPA axis. Therefore, we
cannot be certain that the present findings do not reflect
hyporesponsivity in the adrenal cortex rather than at the
hypothalamic 5-HT, 5 receptor. Future investigations should
ideally assess the underlying rhythmicity of circulating
hormone levels, and the relative responses of ACTH and
cortisol to 5-HT, receptor stimulation.

Conclusion

Dysfunction of the central 5-HT,;, receptor is associated
with impulsive aggression in animal models and clinical
studies. The present findings suggest that impulsivity may
be particularly related to impaired postsynaptic 5-HT;,
(and possibly D,) receptor function. The trait impulsivity
that is characteristic of BPD and IED may be a more
significant correlate of altered 5-HT;, receptor dysfunction
than are the categorical diagnoses themselves. Future
studies should take advantage of serotonergic agents with
enhanced pharmacological selectivity in order to more
precisely specify the dysfunction of central serotonin and
the relationship of these disturbances to various syndromes
of mood disturbance and behavioral dyscontrol.
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