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Impulsive Aggression in Personality Disorder
Correlates with Platelet 5-HT, ,

Receptor Binding

Emil F. Coccaro, M.D., Richard ]. Kavoussi, M.D., Yvette I. Sheline, M.D.,
Mitchell E. Berman, Ph.D., and John G. Csernansky, M.D.

The purpose of this study was to examine the relationship
between platelet 5-HT, 4 receptor binding and aggressive
behavior. 'I-LSD B, and K; values were measured for 22
subjects meeting DMS-III-R criteria for one or more
personality disorders and 12 healthy volunteer subjects.
Aggression and impulsivity were assessed using the Buss—
Durkee Hostility Inventory (BDHI) Assault scale, Life
History of Aggression (LHA) scale, and the Barratt-11
Impulsiveness scale (BIS-11). B,,,., and K, values did not
differ between personality disordered subjects and healthy

KEY WORDS: Serotonin; Aggression; Platelet 5-HT,,
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An important role for the central serotonergic (5-HT)
system in suicidal and impulsive aggressive behavior
has emerged for nearly 20 years of research (Coccaro et
al. 1992). To date, most data suggest that reduced pre-
synaptic 5-HT functioning is associated with suicidal
and/or impulsive aggressive behavior. The role of
postsynaptic 5-HT functioning in these behaviors is less
clear. Many, though not all, studies using brain or plate-
let receptor measures reveal increased numbers of
postsynaptic 5-HT receptors (particularly of the 5-HT,,
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volunteers. However, both B,,,. and K, values correlated
positively with BDHI Assault scores in personality-
disordered subjects but not in healthy volunteer subjects.
These results suggest that assaultiveness in personality-
disordered subjects may covary with increasing numbers,
but decreasing affinity, of platelet 5-HT, 4 receptor sites
labeled by "*I-LSD.  © 1997 American College of
Neuropsychopharmacology  [Neuropsychopharmacology
16:211-216, 1997]

subtype) in suicide completers (Stanley and Mann 1983;
Arora and Meltzer 1989) and attempters (Biegon et al.
1990; McBride et al. 1994; Pandey et al. 1995). Most,
though not all, 5-HT pharmacochallenge studies, how-
ever, show a reduced physiological response to stimu-
lation of post-synaptic 5-HT receptors in suicidal and/
or impulsive aggressive individuals (Markowitz and Coc-
caro 1995).

Although a substantial body of evidence suggests an
increase in 5-HT,, postsynaptic receptors on central
neurons of violent suicide completers and on platelets
of suicide attempters, the relation between 5-HT,, type
receptor binding and indices of impulsive aggressive
behavior has not been explored. Postmortem studies of
brain 5-HT,, receptor binding in impulsive aggressive
individuals have not yet been performed, partly be-
cause of the difficulty and unreliability of retrospective
assessment of impulsive aggressive behavior.

In this study, we examined platelet '**I-LSD binding
parameters as an index of 5-HT,, receptor functioning
in health controls and in patients with DSM-III-R per-
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sonality disorder. Given the positive relationship be-
tween suicidal and impulsive aggressive behavior, par-
ticularly as it relates to indices of 5-HT function (Brown
et al. 1979; Coccaro et al. 1989, 1992; Lopez-Ibor et al.
1990), we hypothesized that platelet '*I-LSD B,,,, val-
ues would be positively associated with aggression,
particularly in a personality-disordered population.

METHODS
Subjects

Subjects were 22 medically healthy outpatients (male =
14; female = 8) diagnosed with one or more DSM-III-R
personality disorders, and 12 medically healthy volun-
teers (male = 4; female = 8) with no documented psy-
chopathology. Personality disorder subjects were re-
cruited by newspaper advertisements seeking individuals
who (1) considered themselves to have difficulty control-
ling their aggressive tendencies; or (2) were willing to
participate in biological studies of personality. Healthy
volunteers also were recruited by newspaper advertise-
ment. After all procedures were fully explained, written
informed consent, using an IRB-approved consent doc-
ument, was obtained from all subjects.

Diagnostic and Medical Evaluation

Axis I and II diagnoses were made according to DSM-
III-R criteria (Spitzer 1987). Alcoholism was diagnosed
using the modified Research Diagnostic Criteria as in
previous reports (Coccaro et al. 1989). Research diag-
noses were assigned through a best-estimate consensus
process (Leckman et al. 1982; Klein et al. 1994) involv-

Table 1.
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ing two psychiatrists (EFC, RJK) and three psycholo-
gists (MEB, JDL, LYW) based on information obtained
through: (1) interviews by a trained clinician using the
Schedule for Affective Disorders and Schizophrenia
(SADS; Spitzer and Endicott 1978) and the Structured
Interview for the Diagnosis of Personality Disorder
(SIDP-R; Pfohl and Zimmerman 1989); (2) clinical inter-
views by a research psychiatrist; and (3) all other avail-
able clinical data. Current and past Axis I and I diag-
noses are displayed in Table 1. Healthy volunteer
subjects were found to be free of current or lifetime psy-
chopathology; these subjects had no family history of
psychopathology. Subjects with evidence of any current
medical (including hematological) illness, whether or
not medication was required, were not enrolled in this
study. Medical health was confirmed by physical and
laboratory examination, including a comprehensive
drug screen.

Platelet Studies

Only two of the 34 subjects, both in the personality dis-
order group, had a history of treatment with psychotro-
pic agents. Each had discontinued treatment at least 6
months prior to study. Subjects were instructed to re-
main drug-free for 2 weeks, to follow a low-monoamine
diet for at least 3 days, and to fast, without smoking,
from midnight prior to the study. Subjects were in-
formed that initial and follow-up urine toxicology
would be performed randomly just prior to study. Illicit
drug use was not detected in any subject. Females were
studied within the first 10 days of the follicular phase of
their menstrual cycle. Then 20-cc blood samples were
obtained between 9:00 and 9:30 a.M. through a 20-gauge

Axis I and II Personality Disorder Diagnoses

Axis I

Axis I1

Current (n = 9)
Depressive disorder-NOS (n = 3)
Intermittent Exp. Disorder (n = 2)
Social phobia (n = 2)
Dysthymia (7 = 1)
Adjustment disorder (n = 1)

Past (n = 15)
Alcoholism (n = 7)
Drug abuse/dependence (n = 7)
Major depression (11 = 5)
Depressive disorder NOS (n = 4)
Dysthymia (n = 1)

Dramatic Cluster (1 = 8)
Borderline (n = 3)
Histrionic (n = 3)
Narcissistic (7 = 2)
Antisocial (n = 1)

Anxious cluster (n = 6)
Obsessive-compulsive (n = 3)
Avoidant (n = 2)
Passive-aggressive (n = 2)
Dependent (1 = 1)

Eccentric cluster (n = 3)
Paranoid (n = 2)
Schizoid (n = 1)

Other PD
Personality disorder-NOS (n = 7)
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indwelling intravenous catheter that was in place for
other biological studies being performed in our unit.
Samples were processed to determined platelet 5-HT),,
receptor binding parameters (receptor density; B
dissociation constant; K;) as previously described (She-
line et al. 1995). Only samples with a correlation coeffi-
cient from the Scatchard plot analysis exceeding 0.75
were used in the data analysis. The mean for the corre-
lation coefficients used in this study was 0.90 * 0.06
(range, 0.78 to 0.99).

Behavioral Measures

The primary behavioral measures were (1) the Assault
subscale of the self-report Buss-Durkee Hostility Inven-
tory (Buss and Durkee 1957); (2) the Aggression score
from the Life History Aggression (LHA) interview as-
sessment (the LHA represents a revision of the Brown—
Goodwin Life History of Aggression; Brown et al.
1979); and (3) the total score from the self-report Barratt
Impulsiveness Scale (BIS-11; Barratt 1985). The 21-item
Hamilton Depression Rating Scale (HAM-D) was used
to assess the severity of current depressive symptoms.

Statistical Analysis

Group means are expressed as mean * SD. Associa-
tions were tested using Pearson correlations unless oth-
erwise specified. Group comparisons were conducted
using t-tests. One-tail tests were used for the correlation
between the primary aggression and impulsivity vari-
ables and '*’I-LSD B, ,, values; two-tailed tests, with
Bonferroni correction for multiple comparisons, were
used for secondary variables (e.g., other subscales) for
the BDHI, LHA, BIS-11 assessments. Based on the direct
relationship between suicidal behavior (a behavior
closely related to aggression; Brown et al. 1979; Coccaro
et al. 1989, 1992; Lopez-Ibor et al. 1990) and number of
5-HT,, binding sites in brain and platelet, we hypothe-
sized a positive correlation between '*I-L.SD B,,,, values
and the primary aggression and impulsivity variables.

RESULTS

Males and females did not differ on '*I-LSD binding
parameters, age, global functioning (GAF), HAM-D21,
LHA, BDHI, or BIS-11 scores, or the presence of current
(or past) Axis I disorders. Accordingly, males and fe-
males were combined for further analysis. Although
normal controls differed from personality-disordered
subjects on a number of variables (Table 2), only the be-
havioral variables demonstrated any statistically signif-
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Table 2. Comparison of Patient and Control Data
PD PATIENTS CONTROLS
(n=22) (n=12) P

Bnay (fmol/ mg protein) 433 *+ 27.09 357 +21.40 NS
Ky (nM) 0.76 = 0.64 074 = 0.31 NS
Sex (M/F) 14/8 4/8 NS
Age (years) 33.0 £9.7 265+ 6.5 027
GATF score 595 +97 88.0 = 6.4 .001
BDHI Assault 4632 21x16 .004
LHA Aggression 9473 33+31 002
BIS-11 Impulsivity 423 *173 325+ 157 NS
HAM-D21 score 29 +42 0.1+03 008

icant relationship with platelet '*I-LSD B,,,, and K val-
ues. Specifically, a statistically significant correlation
between platelet '*I-LSD B,,, values and BDHI-Assault
scores was noted among all subjects (r = .32, p = .032).
This was due to a significant correlation in personality
disordered (r = .39, p = .038; Figure 1), but not healthy
volunteer (r = ~.17, p > .3), subjects. A stronger posi-
tive correlation was noted between K, values and
BDHI-Assault scores among all subjects (r = 42, p =
.014); again because of personality-disordered (r = .55,
p = .008; Figure 1), but not healthy volunteer (r = —.35,
p > .2), subjects. These primary platelet '*I-LSD Bind-
ing/BDHI-Assault correlations also were statistically
significant when subjected to rank-ordered statistics
(Spearman Rho: B,,: r, = .36, n = 22, p < .05; Kyg: 1, =
61, n = 22, p = .003). The platelet '*I-LSD Kd/BDHI-
Assault correlation was not accounted for by the strong
relationship between Ky and B, values (r = .86, n =
22, p < .001); partial correlation, with B, ,, as a covariate
yielded a similarly significant correlation (rpauia = 46,
df = 19, p = .036). Bn./Kyq and BD-Assault relation-
ships were not altered by removing the data of two sub-
jects with life history of suicide attempt (B, 7 = .38,
n=20,p=.048; Ky r = 55, n =22, p = .01). Notably,
the seven personality-disordered subjects with high
(i.e., =7) BDHI Assault scores (i.e., mean; 8.6 * 1.3;
range, 7-10) had higher B, ,, (57.4 * 34.4 vs. 36.8 = 21.2;
t) = 1.74, p = .049); and K, values (1.31 = .85 vs.
0.51 = .28; t(5) = 3.38, p = .003) than the personality-
disordered subjects who had low (i.e,, =6) BDHI As-
sault scores (mean; 2.7 * 1.7; range; 0-5). These differ-
ences also were significant by rank-ordered statistics
(i.e., Mann-Whitney U test: B ,; p = .049; Ky, p =
.0015). LHA-Aggression and BIS-11-Impulsivity scores
were not significantly correlated with B, or K, values
except for BIS-11 for all subjects (r = .34, p = .037).
Analyses with the secondary BDHI, LHA, and BIS-11
variables did not reveal significant correlations with ei-
ther B,,,, or Ky values. Relationships between BDHI As-
sault and B, and K, measures could not be accounted
for by any secondary relationship with age, gender, sea-
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Figure 1. Correlation between Buss-

10 Durkee Assault score and B, (r = .39, n =
22,p = .038)(A)and Ky (r = 55;n = 22;p =
.008) (B) values of platelet '*I-LSD binding
in 22 males and females with DSM-III-R

personality disorder. Rank-ordered corre-

P lations of these data are also statistically

significant (see text).
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son of study, HAMD-21 scores, GAF scores, or life his-
tory of major depression, alcoholism, or drug abuse.

DISCUSSION

These data suggest that measures reflecting a tendency
to be assaultive in personality-disordered individuals
directly correlate with parameters of platelet 5-HT,, re-
ceptor binding and affinity as characterized by '*I-LSD
binding. The relationship between the number of plate-
let 'I-LSD binding sites (B,,.,) and self-reported as-
saultiveness is similar to that reported for brain °H-

spiperone (Stanley and Mann 1983; Arora and Meltzer
1989) binding measures and completed suicide and be-
tween platelet '*I-LSD binding and history of at-
tempted suicide in depressed patients (Pandey et al.
1995) and between platelet *H-spiperone binding mea-
sures in nonpsychiatric subjects with history of at-
tempted suicide (Biegon et al. 1990). The absence of cor-
relations among healthy normal volunteer subjects may
be accounted for by the limited variance in aggression
scores in sample and/or the small sample size. The ab-
sence of an overall difference of B,,,, and K, values be-
tween personality-disordered subjects and healthy vol-
unteers indicates that there are no platelet 5-HT,
receptor site abnormalities in personality-disordered
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subjects as a diagnostic group. Rather, these data sug-
gest that there is a relationship between a dimension of
aggression and variables related to platelet 5-HT,, re-
ceptor characteristics. This is consistent with other data
relevant to biological and personality variables in per-
sonality-disordered individuals (Siever and Davis 1991).

Increased 5-HT,, receptor binding (e.g., in the brains
of suicide victims) has been interpreted as representing
an upregulation of post-synaptic 5-HT,, receptors asso-
ciated with reduced presynaptic 5-HT function. How-
ever, because platelets are not innervated by 5-HT neu-
rons, a “denervation-type” compensatory mechanism
cannot explain the increased numbers of 5-HT,, recep-
tors on the platelets of suicide attempters (Biegon et al.
1990; Pandey et al. 1995), their positive correlation with
lethality of suicide attempt (McBride et al. 1994), or the
positive correlation with assaultiveness reported here.
Moreover, animal studies suggest that experimentally
reduced 5-HT function does not usually lead to changes
in ligand characteristics (Seeman et al. 1980, Blackshear
et al. 1981; Quik and Azmitia 1983) or in physiological
responsiveness (Conn and Sanders-Bush 1986) of cen-
tral 5-HT,, receptors. As platelet 5-HT,, receptors (as
labeled by '*I-LSD) are pharmacologically identical to
brain 5-HT,, receptors (Elliot and Kent 1989), and are
translational products of the same genes (Cook et al.,
1994), it is possible that, if a compensatory mechanism
is involved in such subjects, it occurs at the level of gene
expression or gene structure. If so, alterations in platelet
5-HT,, receptor binding characteristics might reflect
analogous alterations in neuronal 5-HT,, receptors. The
existence of alteration(s) in genetic elements modulat-
ing suicidal and/or aggressive behavior is suggested by
family, twin, and adoption data (Kety 1986; Plomin et
al. 1990). The identities of the genetic abnormalities are
unknown at this time, although a polymorphism in the
intronic portion of the tryptophan hydroxylase (TPH)
gene was recently reported as a correlate of suicidal be-
havior in a group of violent offenders (Neilson et al.
1994). A significant relationship between TPH genotype
and CSF 5-HIAA concentration among impulsive vio-
lent offenders also was found. Thus, it is possible that
abnormalities in genetic elements controlling both spe-
cific aspects of 5-HT function and suicidal/aggressive
behavior may be identified.

The functional consequence of increased numbers
(and/or decreased binding affinity) of central or pe-
ripheral 5-HT,, receptors in suicidal or impulsive ag-
gressive individuals is not currently known. Some
pharmacochallenge studies with 5-HT agonist probes
suggest that central postsynaptic 5-HT receptors may
be functionally supersensitive in suicidal/impulsive
aggressive individuals (Meltzer et al. 1984). However,
others suggest that these receptors are functionally sub-
sensitive (Coccaro et al. 1989; Lopez-lbor et al. 1990;
Moss et al. 1990). Differences among the studies may be

Aggression in PD and Platelet 5-HT,, Binding 215

due to a variety of methodological factors, including the
use of different 5-HT probes and different study popu-
lations. A more definitive answer to the functional con-
sequence of altered 5-HT,, receptor numbers in sui-
cidal/impulsive aggressive subjects must wait for the
availability of a specific 5-HT,, receptor probe.
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