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Objective: Dysfunctional attitudes are
negatively biased assumptions and be-
liefs regarding oneself, the world, and the
future. In healthy subjects, increasing se-
rotonin (5-HT) agonism with a single dose
of d-fenfluramine lowered dysfunctional
attitudes. To investigate whether the con-
verse, a low level of 5-HT agonism, could
account for the higher levels of dysfunc-
tional attitudes observed in patients with
major depression or with self-injurious
behavior, cortex 5-HT2 receptor binding
potential and dysfunctional attitudes
were measured in patients with major de-
pressive disorder, patients with a history
of self-injurious behavior, and healthy
comparison subjects (5-HT2 receptor den-
sity increases during 5-HT depletion).

Method: Twenty-nine healthy subjects
were recruited to evaluate the effect of d-
fenfluramine or of clonidine (control con-
dition) on dysfunctional attitudes. Dys-
functional attitudes were assessed with
the Dysfunctional Attitude Scale 1 hour
before and 1 hour after drug administra-
tion. In a second experiment, dysfunc-
tional attitudes and 5-HT2 binding poten-

tial were measured in 22 patients with a
major depressive episode secondary to
major depressive disorder, 18 patients
with a history of self-injurious behavior
occurring outside of a depressive episode,
and another 29 age-matched healthy sub-
jects. Cortex 5-HT2 binding potential was
measured with [18F]setoperone positron
emission tomography.

Results: In the first experiment, dysfunc-
tional attitudes decreased after adminis-
tration of d-fenfluramine. In the second
experiment, in the depressed group,
dysfunctional attitudes were positively as-
sociated with cortex 5-HT2 binding poten-
tial, especially in Brodmann’s area 9 (after
adjustment for age). Depressed subjects
with extremely dysfunctional attitudes
had higher 5-HT2 binding potential, com-
pared to healthy subjects, particularly in
Brodmann’s area 9.

Conclusions: Low levels of 5-HT agonism
in the brain cortex may explain the se-
verely pessimistic, dysfunctional attitudes
associated with major depression.

(Am J Psychiatry 2003; 160:90–99)

In major depressive disorder, major depressive episodes
may include symptoms of sad mood, anhedonia, sleep/
wake disturbances, weight change, and cognitive changes.
Many of the cognitive changes reflect an information pro-
cessing bias in which the importance of negatively valent
(pessimistic) information is exaggerated and the impor-
tance of positively valent (optimistic) information is mini-
mized (1). These cognitive changes may influence dysfunc-
tional attitudes. Dysfunctional attitudes are negatively
biased views of oneself, the world, and the future (1). Mod-
est levels of dysfunctional attitudes are healthy. The level of
dysfunctional attitudes usually increases beyond the
healthy range during major depressive episodes. With suc-
cessful antidepressant treatment or cognitive behavior
therapy, dysfunctional attitudes can normalize within a
healthy range (2, 3). The level of dysfunctional attitudes
has also been shown to be higher than normal in patients
with self-harm behavior and personality disorder (4).

The relationship between dysfunctional attitudes and
neurochemical pathology in patients with major depres-

sive episodes and/or chronic self-harm behavior is un-
clear. However, available evidence suggests that a subpop-
ulation of patients with major depression and/or chronic
self-harm behavior have low levels of serotonin (5-HT)
stimulation of 5-HT2 receptors. Investigations using ani-
mal models have reported that a chronic lack of stimula-
tion by 5-HT produces an up-regulation of 5-HT2 recep-
tors in the cortex (5, 6). Other studies have reported higher
than normal levels of 5-HT2 receptor density in Brod-
mann’s area 9 in the prefrontal cortex in suicide victims as
well as in suicide victims with major depressive episodes
(7–13). Other indirect measures suggest that the level of 5-
HT in the brain is low during major depressive episodes
and/or suicidal states. For example, when brain 5-HT lev-
els are low, cerebrospinal fluid concentration of the 5-HT
metabolite 5-hydroxyindoleacetic acid (5-HIAA) is low
(14), and low cerebrospinal fluid 5-HIAA concentration
has been found in suicidal subjects as well as in subjects
with major depressive episodes (15, 16). Given these find-
ings, it appears that low 5-HT stimulation of 5-HT2 recep-
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tors in the prefrontal cortex occurs in some patients with
major depressive episodes and/or chronic self-harm.
Since a higher level of dysfunctional attitudes is an impor-
tant common symptom in these illnesses, low 5-HT stim-
ulation of 5-HT2 receptors in the prefrontal cortex may be
related to higher levels of dysfunctional attitudes.

In this study, the phrase “5-HT agonism” is used to refer
to a process that includes 5-HT release by neurons, the
binding of 5-HT to a receptor, a conformational change in
the receptor when bound to 5-HT, and subsequent intra-
cellular changes consequent to the conformational change
in the receptor. Multiple intracellular effects (second mes-
senger cascades, down-regulation of receptors, etc.) may
also be involved. In this study we measured the 5-HT2 re-
ceptor binding potential that is proportional to 5-HT2 re-
ceptor density. Increased 5-HT release after administration
of monoamine oxidase inhibitors has been shown to be as-
sociated with a down-regulation of 5-HT2 receptors (17,
18), and decreased 5-HT release after administration of
reserpine (5) or a tryptophan hydroxylase inhibitor (6) has
been associated with increased 5-HT2 receptor density.

This study had two main purposes. The first was to ex-
amine the relationship between 5-HT agonism and dys-
functional attitudes in healthy subjects by assessing the
change in dysfunctional attitudes after a single dose of d-
fenfluramine. d-Fenfluramine selectively induces the re-
lease of serotonin from neurons (19, 20). Dysfunctional at-
titudes are measurable with the Dysfunctional Attitude
Scale (21–23). We hypothesized that a higher level of 5-HT
agonism would lower the level of dysfunctional attitudes,
i.e., shift them toward optimism.

The second purpose was to assess whether low 5-HT ag-
onism in the prefrontal cortex is related to the higher lev-
els of dysfunctional attitudes found in patients with major
depressive episodes secondary to major depressive disor-
der as well as in patients with chronic self-harm behavior.
We hypothesized that 5-HT agonism would be lower than
normal in the prefrontal cortex in some patients with ma-
jor depressive episodes and in some patients with chronic
self-harm behavior, resulting in greater dysfunctional atti-
tudes and up-regulated 5-HT2 receptors. We specifically
hypothesized that higher levels of 5-HT2 receptor binding
potential in the prefrontal cortex would be associated with
higher levels of dysfunctional attitudes in these two
groups. 5-HT2 receptor binding potential was measured
by using [18F]setoperone positron emission tomography
(PET) (24). The binding potential is proportional to recep-
tor density and affinity.

Method

Subjects and procedures

All procedures were approved by the University of Toronto Hu-
man Subjects Review Committee.

Experiment 1 examined the effect of d-fenfluramine or cloni-
dine on dysfunctional attitudes in healthy subjects. Twenty-nine
healthy subjects age 18–40 years (mean age=27 years, SD=5) were

recruited. Each subject provided written consent after the pro-
cedures had been fully explained. All healthy subjects were
screened with the nonpatient version of the Structured Clinical
Interview for DSM-IV (SCID) (25) to rule out axis I disorders
(either current or in remission), current suicidal ideation, history
of self-harm behavior, and history of psychiatric illness. Cloni-
dine was used in the control condition because its side effect pro-
file is similar to that of d-fenfluramine after a single dose (26).
Clonidine is an α2 receptor agonist (27). Twenty-eight subjects
completed the protocol. Fifteen subjects received 0.3 mg/kg of in-
travenous d-fenfluramine, and 13 subjects received 1.4 µg/kg of
intravenous clonidine (control group). These doses are typical for
agonist challenge studies examining behavioral and neuroendo-
crine effects (28–31). Assessment measures were done 1 hour be-
fore and 1 hour after the agonist challenge. To assess dysfunc-
tional attitudes, form A and form B of the Dysfunctional Attitude
Scale were administered in a counterbalanced design between
subjects. Visual analogue scales of mood, anxiety, and energy lev-
els were also completed.

Experiment 2 examined the levels of 5-HT2 receptors and dys-
functional attitudes in patients with depression and in patients
with self-harm behavior. Twenty-two subjects with a major de-
pressive episode secondary to major depressive disorder (mean
age=31 years, SD=6), 18 patients with a history of self-injurious
behavior occurring outside of a depressive episode (mean age=31
years, SD=7), and another 29 age-matched healthy subjects
(mean age=31 years, SD=7) received an [18F]setoperone PET scan.
Subjects were between 18 and 44 years of age. Twenty-two healthy
subjects were age-matched within 2 years to the depressed pa-
tients, and 18 healthy subjects were age-matched within 2 years
to the patients with histories of self-injurious behavior. Two pa-
tients with self-harm behavior who received a [18F]setoperone
PET scan did not complete the rest of the study. All subjects were
physically healthy and free of psychotropic drug use for more
than 4 weeks plus five half-lives of any medication. All healthy
subjects were screened by using the nonpatient version of the
SCID (25) to rule out axis I disorders (either current or in remis-
sion), current suicidal ideation, history of self-harm behavior, and
history of psychiatric illness. For each subject, written consent
was obtained after the procedures had been fully explained.

The diagnosis of major depressive episode secondary to major
depressive disorder was based on the patient edition of the SCID
(32) and a consultation by a psychiatrist. The recruiting methods
for patients with major depressive disorder have been described
previously (33). Subjects with major depressive disorder were eli-
gible for enrollment on the basis of a minimum severity of de-
pression indicated by a cutoff score of 17 on the 17-item Hamilton
Depression Rating Scale. Patients with major depressive episodes
with psychotic symptoms, bipolar disorder (type I or II), or co-
morbid axis I psychiatric diagnoses (either current or in remis-
sion) were excluded, as were subjects with a history of alcohol or
drug abuse or dependence. Patients with major depressive epi-
sodes were screened to rule out self-harm and suicidality outside
of their episodes of depression. Sixteen of the 22 depressed pa-
tients had never received a trial of antidepressant treatment. No
depressed patient had received antidepressant treatment within
the past 3 months.

The patients with self-harm behavior had a history of chronic
suicidal ideation and a history of potentially lethal self-harm be-
havior. Table 1 lists the behaviors associated with the most severe
(lifetime) incident of self-harm reported by each subject. The pa-
tients in this group also had current suicidal ideation. All had a di-
agnosis of borderline personality disorder, which was confirmed
by the SCID for axis II disorders (34) and a consultation by a psy-
chiatrist. Patients in this group were also interviewed with the
SCID for axis I disorders (32) to exclude patients with bipolar dis-
order. Given the high comorbidity of major depressive disorder
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and other axis I disorders in patients with borderline personality
disorder, patients with cormorbid major depressive disorder or
other axis I illnesses were not excluded, provided they had a clear
history of serious self-harm behavior outside of the episode of the
axis I illness.

Urine drug screening was completed for all patients with major
depressive episode and a history of any drug use as well as for all
patients with self-harm behavior. All patients received routine
blood tests (measures of thyroid function and electrolytes and a
complete blood cell count) to rule out medical causes of dis-
turbed mood.

[18F]Setoperone PET measurement of 5-HT2 binding potential
was done with [18F]setoperone prepared by [18F]fluoride substi-
tution on the nitro-derivative precursor of setoperone (35).
[18F]Setoperone was of high radiochemical purity (>99%) and
high specific activity (mean=48 GBq/µmol, SD=32, at the time of
injection). Imaging was based on the approach described by Blin
et al. (36). Subjects received an intravenous bolus injection of 185
MBq of [18F]setoperone. PET images were obtained by using a
GEMS 2048-15B camera (Scanditronix, Uppsala, Sweden) (x, y, z
voxel dimensions=2, 2, and 6.5 mm, respectively). Images were
obtained in five 1-minute frames, followed by 17 5-minute
frames. The images were corrected for attenuation by using a 68Ge
transmission scan and reconstructed by filtered back projection
(Hanning filter, 5 mm full width at half maximum).

The 5-HT2 binding potential in the cortex was measured both
in regions and in each cortex voxel by using the ratio model dur-
ing the pseudo-equilibrium period of 65 to 90 minutes after injec-
tion of [18F]setoperone (37, 38). For the region-of-interest analy-
ses, a reference magnetic resonance imaging scan (GE Sigma 1.5-
T scanner [General Electric, Milwaukee], spin-echo sequence
proton density weighted image; x, y, z voxel dimensions=0.78,
0.78, 3 mm, respectively) was obtained for each subject. Regions
of interest were found by using a semiautomated method (33, 39)
and verified by visual assessment with reference to a coregistered
magnetic resonance imaging scan. These methods have been de-
scribed in more detail previously (33).

The regions of interest were within the middle frontal gyrus
(Brodmann’s area 9), lateral orbitofrontal cortex, posterior medial
temporal gyrus, and rostral anterior cingulate. For the voxel-by-
voxel analysis, images composed of binding potential values were
transformed and deformed into a common brain shape by using
statistical parametric mapping and ligand-specific templates
(40–43). Then the images were spatially smoothed with a Gauss-
ian filter (12 mm full width at half maximum).

Statistical Analyses

In experiment 1, the analysis was designed to determine the ef-
fect of the drug on dysfunctional attitudes, after controlling for
any differences in the order in which the versions of the Dysfunc-
tional Attitude Scale were administered. For this analysis, the
variables were change, order, and drug type. Change was the

change in the score on the Dysfunctional Attitude Scale from be-
fore to after administration of the drug. Order referred to whether
version A or version B of the Dysfunctional Attitude Scale was ad-
ministered first. Drug type was either d-fenfluramine or cloni-
dine. Analysis of variance (ANOVA) was used to examine the effect
of drug type and order on change in dysfunctional attitudes. Drug
type was the factor of primary interest.

In a previous analysis, 27 healthy subjects were assessed in a
similar paradigm but without a pharmacological challenge (ad-
ministration of version A of the Dysfunctional Attitude Scale,
followed an hour later by version B, or vice versa) (data not
reported). The mean difference (change) in the score, after re-
moving order effects, was –1 (SD=14). In an analysis comparing 13
subjects receiving one type of pharmacological challenge and 15
subjects receiving another type (data not reported), a mean
change of 14 in the score on the Dysfunctional Attitude Scale
would be detected with a power of 75% (assuming an alpha of
0.05 and a similar standard deviation in each population).

In experiment 2, the main analysis, using ANOVA, examined
the effect of dysfunctional attitudes on regional 5-HT2 binding
potential, after controlling for the effect of age in each patient
group. Separate analyses were done for each brain region. The
analysis was also done for each voxel in the brain. ANOVA was
also used to consider whether the subgroup of patients defined by
high levels of dysfunctional attitudes (those with Dysfunctional
Attitude Scale scores above the median in the patient group) had
a different level of 5-HT2 binding potential than the healthy sub-
jects, after controlling for the effect of age.

For the first 12 healthy subjects scanned, mean cortex 5-HT2

binding potential in the regions chosen was approximately 2.0
(SD=0.4), after age was controlled and binding potential was ad-
justed to the typical value for 30-year-olds. The power to detect a
25% difference between two groups of nine subjects was 85% (as-
suming an alpha significance of 0.05 and a similar standard devi-
ation in each population sampled).

Results

In experiment 1, the decrease in dysfunctional attitudes
after d-fenfluramine was significantly greater than changes
observed after clonidine (ANOVA examining effects of drug
type and order of administration of the attitude scale ver-
sions on change in dysfunctional attitudes—effect of drug
type: F=17.3, df=1, 25, p<0.001; effect of order [version A
versus version B]: F=15.8, df=1, 25, p=0.001). After the or-
der effect was controlled, the mean decrease in the Dys-
functional Attitude Scale score was 14 points (SD=11) after
d-fenfluramine and 0 points (SD=10) after clonidine. The
order effect was controlled by determining the mean
change in dysfunctional attitude scores for the subjects
who received version A then B of the Dysfunctional Atti-
tude Scale and for the subjects who received version B
then A. The difference between the two mean changes in
score was determined, and the change in score for each
subject was increased or reduced by half the difference be-
tween the mean changes in score for the two order groups
so that there was no difference between the scores for the
two order groups after the transformation. Figure 1 illus-
trates the changes in Dysfunctional Attitude Scale scores
after d-fenfluramine or clonidine administration.

No significant changes in the visual analogue scales for
mood, anxiety, and energy levels were found (ANOVA ex-

TABLE 1. Methods of Injury Associated With the Most Se-
vere (Lifetime) Incident of Self-Harm in 18 Patients With
Chronic Self-Harm Behavior

Method of Injurya Number of Patients
Jumping from height or in front of speeding carb 3
Cutting neck 2
Cutting wrist and overdosec 4
Stabbing self in chest 1
Cutting wrist 5
Overdose resulting in hospitalization 3
a Methods are listed in an approximately descending order of sever-

ity.
b All three subjects had a history of both behaviors.
c Occurred at the same time.
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amining effects of order of administration of attitude scale
versions and drug type—effect of drug type on mood
change: F<0.1, df=1, 25, p>0.9; effect of drug type on anxi-
ety change: F<0.1, df=1, 25, p>0.90; effect of drug type on
energy level change: F=1.6, df=1, 25, p=0.19). The effects of
drug type alone (without considering order of administra-
tion of attitude scale versions) on changes in visual ana-
logue scales were also nonsignificant.

In experiment 2, Dysfunctional Attitude Scale scores co-
varied strongly with 5-HT2 binding potential in all cortex
brain regions in the patients with a major depressive epi-
sode (analysis of covariance [ANCOVA] with Dysfunctional
Attitude Scale score and age as covariates—Dysfunctional
Attitude Scale score effect: F=4.6 to 9.9, df=1, 19, p=0.04 to
0.005) (Figure 2). After the effects of age were controlled,
the attitude scale scores were significantly associated with
5-HT2 binding potential throughout the entire cortex (Fig-
ure 3). No such associations were present in self-harming
patients with chronic suicidal ideation (ANCOVA with Dys-
functional Attitude Scale score and age as covariates—Dys-
functional Attitude Scale score effect: F=0.5 to 1.5, df=1, 13,
p=0.48 to 0.24). The mean Dysfunctional Attitude Scale
scores in the major depressive episodes group and the self-
injurious group were 162 (SD=32) and 164 (SD=52), respec-
tively. Consistent with previous reports (7–13), 5-HT2 bind-
ing potential declined with age in the healthy, major de-
pressive episodes, and self-harming groups, as shown in
both regional analyses and voxel-based analyses (ANCOVA

for regional analyses: F=31.4 to 52.7, df=1, 20, and F=22.2 to
50.1, df=1, 11, p≤0.002 for all analyses; voxel-based analy-
ses: N=80265 to 85333 suprathreshold voxels, p [cluster
size]<0.001).

The patients with major depressive episodes were di-
vided into two groups on the basis of whether their Dys-
functional Attitude Scale score was above or below the
median score of 166 for the entire group of depressed pa-
tients. The subgroup with high Dysfunctional Attitude
Scale scores had significantly greater 5-HT2 binding po-
tential in all brain regions than the age-matched healthy
subjects (ANCOVA with group and age as covariates—
effect of group [depressed with high Dysfunctional Atti-
tude Scale score]: F=5.1 to 11.5, df=1, 19, p=0.04 to 0.003;
effect of age: F=34.4 to 53.7, df=1, 19, p<0.001). In the re-
gions analyzed, the mean 5-HT2 binding potential was
21% to 29% higher in the high Dysfunctional Attitude
Scale score group than in the healthy subjects, with the
greatest difference in the middle frontal gyrus (Brod-
mann’s area 9) bilaterally (29% higher) (Figure 4).

Within the major depressive episodes group, regional
and voxel analyses showed no associations of 5-HT2 bind-
ing potential with score on the suicidal ideation subscale
of the Hamilton Depression Rating Scale, overall severity
of depressive symptoms (total Hamilton depression scale

FIGURE 1. Change in Dysfunctional Attitude Scale Scores
for 28 Healthy Subjects After a Single Dose of Intravenous
Clonidine or d-Fenfluraminea

a The change was significantly greater for subjects who received d-
fenfluramine than for subjects who received clonidine, after re-
moval of the effect of the order in which subjects were tested with
the two versions (version A or B) of the Dysfunctional Attitude Scale
(effect of drug type: F=17.3, df=1, 25, p<0.001; order effect [version
A followed by version B versus version B followed by version A]: F=
15.8, df=1, 25, p=0.001). The horizontal bars represent the mean
change in dysfunctional attitudes for each group.
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FIGURE 2. Correlation of Age-Corrected 5-HT2 Binding
Potential in the Prefrontal Cortex With Scores on the Dys-
functional Attitude Scale for 22 Subjects With a Major De-
pressive Episode Secondary to Major Depressive Disordera

a r=0.56, p=0.009 for the correlation between age-corrected 5-HT2
binding potential in the bilateral prefrontal cortex (Brodmann’s
area 9) and Dysfunctional Attitude Scale scores. Higher scores on
the Dysfunctional Attitude Scale indicate higher levels of dysfunc-
tional attitudes. Age-corrected 5-HT2 binding potential was calcu-
lated by linear regression analysis with the predictor variables of
age and Dysfunctional Attitude Scale score. The slope of the line for
the age predictor was used to normalize each subject’s 5-HT2 bind-
ing potential to that expected for a 30-year-old subject.
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score), number of previous episodes, duration of depres-
sion, past antidepressant use, or any of the five orthogonal
factors (44) within the Hamilton depression scale (mood
depression, sleep disturbance, weight loss, somatization,
agitation/anxiety).

In regional and voxel-by-voxel comparisons of 5-HT2

binding potential, no significant differences were found
between the patients with serious self-harm behavior and
the age-matched healthy patients, although 5-HT2 bind-
ing potential was a mean of 4% lower in the self-harm
group (ANCOVA with age covariate—effect of self-harm:
F<0.1 to 1.3, df=1, 33, p=0.98 to 0.27). Two subgroup analy-
ses were done. Patients with a history of more severe self-
harm behavior (i.e., stabbing self in chest or more severe
behaviors [N=10]) were compared to age-matched healthy
subjects, and no significant differences in 5-HT2 binding
potential were found, although 5-HT2 binding potential
was a mean of 10% lower in the severe self-harm group
(ANCOVA with age covariate—effect of severe self-harm:
F<0.1 to 2.8, df=1, 17, p=0.79 to 0.11). Patients with a life-
time history of more than five self-harm attempts (N=12)
were compared to age-matched healthy subjects, and no
significant differences in 5-HT2 binding potential were

found, although 5-HT2 binding potential was a mean of
5% lower in the frequent self-harm group (ANCOVA with
age covariate—effect of frequent self-harm: F<0.1 to 1.1,
df=1, 21, p=0.99 to 0.29).

Discussion

This study had three main findings. The first was that
dysfunctional attitudes decreased after administration of
d-fenfluramine in healthy subjects. The second was that
higher levels of dysfunctional (more pessimistic) attitudes
during major depressive episodes were associated with
higher 5-HT2 binding potential in the cortex. The third
main finding was that patients with major depressive epi-
sodes and high levels of dysfunctional (pessimistic) atti-
tudes had higher 5-HT2 binding potential in the cortex,
compared to healthy subjects.

The first finding indicates that increasing 5-HT agonism
can lower dysfunctional attitudes. d-Fenfluramine causes
an increase in extracellular 5-HT concentration by induc-
ing the neuronal release of 5-HT (19, 20). The optimistic
shift in dysfunctional attitudes after d-fenfluramine ad-

FIGURE 3. Brain Areas Where 5-HT2 Binding Potential Was Associated With Dysfunctional Attitudes in 22 Subjects With a
Major Depressive Episode Secondary to Major Depressive Disordera

a Statistical probability maps are superimposed on a representative T1-weighted magnetic resonance imaging scan and displayed in three sec-
tions in standardized Montreal Neurological Space. Sections are presented at coordinates 13, 43, 33 mm in the x, y, and z axes relative to the
anterior commissure (0, 0, 0). The p values represent the significance of the age-corrected effect of Dysfunctional Attitude Scale scores on 5-
HT2 receptor binding potential (proportional to Bmax/Kd). Although the association appears to be somewhat stronger in the prefrontal cortex,
a generalized cortical association is also suggested.

p=0.01

p=0.05
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ministration demonstrates a role for 5-HT-releasing neu-
rons as modulators of dysfunctional attitudes in humans.

This role of 5-HT-releasing neurons as modulators of
dysfunctional attitudes may explain the second finding of
an association between dysfunctional attitudes and cortex
5-HT2 binding potential during major depressive epi-
sodes. The converse of the first finding is that lower levels
of 5-HT agonism may be related to higher levels of dys-
functional attitudes. Low 5-HT agonism has been shown
to up-regulate 5-HT2 receptors (5, 6). Thus, low 5-HT ago-
nism during major depressive episodes can account for
both an increase in dysfunctional attitudes (toward pessi-
mism) and an increase in 5-HT2 binding potential: the
lower the 5-HT agonism, the greater the increase in both
5-HT2 binding potential and dysfunctional attitudes. This
would create an association between 5-HT2 binding po-
tential and dysfunctional attitudes, as observed.

This interpretation of low 5-HT agonism resulting in
both higher levels of dysfunctional attitudes and higher 5-
HT2 binding potential also explains the third finding. Pa-
tients with a major depressive episode and greater severity
of dysfunctional attitudes have very low 5-HT agonism,
and 5-HT2 binding potential in this subgroup is distin-
guishably higher than that in healthy subjects.

The third finding reflects a key difference in the ap-
proach taken in the current study, compared to previous
imaging investigations of major depressive episodes and
5-HT2 binding potential. Previous studies tested the hy-
pothesis that all patients with major depressive episodes
have an abnormal 5-HT2 binding potential (45–48). The
main drawback of this method is that the diagnosis of ma-
jor depressive episodes is based on a symptom cluster and
individual symptoms of major depressive episodes are not
always present. The current study tested the hypothesis
that patients with more severe symptoms, as indicated by
higher scores on the Dysfunctional Attitude Scale, would
show an abnormally high 5-HT2 binding potential in the
prefrontal cortex. Another important aspect of the current
study design is that all of the patients were drug-free for at
least 1 month and five half-lives of any previous medica-
tion. We are aware of only one large study that reported
lower 5-HT2 binding potential during major depressive
episodes, and this study selected patients who had re-
cently been treated with antidepressants that increase 5-
HT concentrations (48). To our knowledge, the number of
patients with major depressive episodes in the current
study is larger than in any previous study in this area. In
addition, this study examined two different groups of pa-
tients—those with major depressive episodes and those
with self-harm behaviors—with respect to a common
symptom of dysfunctional attitudes.

The present study suggests a new interpretation for the
results of postmortem investigations of suicide victims
that have reported higher 5-HT2 receptor density in
Brodmann’s area 9 (7–13). These findings may represent
patients with major depressive disorder and major de-

pressive episodes who have high levels of dysfunctional

attitudes. In the present study, the subgroup of patients

with major depressive episodes and high levels of dys-

functional attitudes had a higher 5-HT2 binding potential

in the cortex (including Brodmann’s area 9), compared to

healthy subjects. The presence of major depressive disor-

der is the most likely explanation of the postmortem find-

ings, as suggested by previous findings that more than

50% of suicide victims have major depressive episodes

secondary to major depressive disorder (49, 50). In addi-

tion, two studies of drug-free suicide victims with major

depressive episodes secondary to major depressive disor-

der found higher 5-HT2 receptor density in Brodmann’s

area 9 (11, 12). Higher levels of dysfunctional attitudes

during major depressive episodes may be linked to sui-

cide, as suggested by findings that scores on the Beck

Hopelessness Scale are predictive of eventual suicide (51,

52). Also, in studies with large numbers of patients with

major depressive episodes, Beck Hopelessness Scale

scores were consistently correlated with Dysfunctional At-

titude Scale scores (3, 53–55). To our knowledge, no study

has explicitly addressed whether dysfunctional attitudes

are predictive of eventual death by suicide during major

depressive episodes.

FIGURE 4. 5-HT2 Binding Potential in 22 Healthy Subjects
and 22 Subjects With a Major Depressive Episode Second-
ary to Major Depressive Disorder and High or Low Scores
on the Dysfunctional Attitude Scalea

a 5-HT2 receptor binding potential in the bilateral middle frontal gy-
rus (Brodmann’s area 9) is plotted against age to show the relation-
ship between depressed and healthy subjects. The 22 depressed pa-
tients were divided into two groups on the basis of whether their
Dysfunctional Attitude Scale score was above or below the median
score of 166 for the entire group of depressed patients. Patients
with high scores had significantly higher age-corrected 5-HT2 recep-
tor binding potential than healthy subjects (F=11.5, df=1, 19, p=
0.003).
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This new interpretation is incompatible with the reports
of two postmortem studies that did not find higher 5-HT2

receptor density in the temporal cortex of suicide victims
(9, 13). However, this discrepancy could reflect differences
in the sensitivity of imaging and postmortem techniques
in detecting change in some cortex regions.

Cortex 5-HT2 binding potential appears to be unrelated
to the higher levels of dysfunctional attitudes observed in
the patients with chronic self-harm behavior. It is not sur-
prising that the etiology of higher levels of dysfunctional
attitudes in self-harming patients with borderline person-
ality disorder would be different from that in patients with
major depressive episodes secondary to major depressive
disorder. For example, psychological factors can influence
dysfunctional attitudes, and the psychological inter-
vention of cognitive behavior therapy has been shown to
reduce dysfunctional attitudes in patients with major
depressive episodes (2, 3). If psychological factors are ex-
treme, they could introduce sufficient variance to obscure
a relationship between dysfunctional attitudes and sero-
tonin measures. Self-harming patients with borderline
personality disorder often report extremely abnormal ex-
periences associated with a long history of relationships
with very negative outcomes, including early childhood
abuse and/or a lifetime of disturbing short-term relation-
ships (56, 57).

The lack of a relationship between dysfunctional atti-
tudes and 5-HT2 binding potential in patients with recur-
rent self-harm behavior should not be interpreted as rul-
ing out other 5-HT abnormalities that do not influence 5-
HT2 binding potential (i.e., 5-HT lesions [58] or 5-HT ab-
normalities in locations separated from 5-HT2-containing
pyramidal cell neurons). It has been reported that α-
[11C]methyltryptophan uptake in cortex is reduced in pa-
tients with borderline personality disorder (59).

In this study, age was a covariate of the cortex measure
of 5-HT2 binding potential. 5-HT2 receptors are mostly
contained in dendrites of pyramidal cell neurons, and the
density of pyramidal cell neuron dendrites declines
sharply with age over the second to the fourth decades
(60, 61). By covarying the effects of age, we were able to
distinguish this and other age-related effects from the ef-
fect of illness on cortex 5-HT2 binding potential.

In this paper we presented a brief overview of the rela-
tionship between 5-HT and the 5-HT2 receptor. However,
the available information regarding the regulation of the
5-HT2 receptor is complicated. In reviewing this informa-
tion, it is useful to differentiate two categories of relation-
ship: 1) the relationship between 5-HT concentration and
5-HT2 receptor regulation and 2) the relationship between
5-HT2-binding medications and 5-HT2 receptor regula-
tion. In this study, the first of these relationships is most
relevant. Earlier studies have demonstrated that increased
5-HT after administration of selective and nonselective
monoamine oxidase-A inhibitors is associated with a
down-regulation of 5-HT2 receptors (17, 18). It has also

been demonstrated that decreased 5-HT after administra-
tion of reserpine (5) or the tryptophan hydroxylase inhibi-
tor p-chlorophenylalanine (6) is associated with increased
5-HT2 receptor density. These specific interventions ap-
pear to influence the presynaptic storage of 5-HT and con-
sequently increase (monoamine oxidase inhibitor [62]) or
decrease (p-chlorophenylalanine [63], reserpine [64]) ex-
tracellular 5-HT. The intact functioning of the synapse
may be important for the relationship between 5-HT and
5-HT2 receptors because lesioning of the 5-HT-releasing
neurons does not result in up-regulation of 5-HT2 recep-
tors (58, 65). In summary, the relationship between 5-HT
concentration and 5-HT2 receptor regulation is best dem-
onstrated by manipulations of 5-HT that influence pre-
synaptic 5-HT storage in functional neurons (and indi-
rectly influence synaptic concentrations of 5-HT).

As for the relationship between 5-HT2-binding medica-
tions and 5-HT2 receptor regulation, antagonists are tradi-
tionally associated with up-regulation and agonists with
down-regulation of postsynaptic, G-protein-coupled re-
ceptors (66). Several agonists for 5-HT2 receptors are asso-
ciated with the traditional, expected, down-regulation of 5-
HT2 receptors (66, 67). At least one antagonist (SR 46349B)
is consistently associated with the traditional, expected,
up-regulation of 5-HT2 receptors (68–70). However, some
5-HT2-binding medications with antagonist effects can
also down-regulate 5-HT2 receptors (66). There is no rea-
son to assume that medications cannot induce conforma-
tional changes in the receptor such that the traditional cat-
egory of agonist and antagonist no longer applies. Some
categories of medications have a mix of antagonist, ago-
nist, and other interactions with receptors (partial ago-
nists, inverse agonist, etc.). It has been proposed that 5-
HT2 antagonists with down-regulation properties exert
these properties by promoting internalization (tradition-
ally associated with agonists) (66). The effects of medica-
tions on receptor regulation may provide information
about how a receptor regulates. However, there is no rea-
son to assume that the interaction between specific medi-
cations and a receptor is fully representative of the interac-
tion between the endogenous neurotransmitter and the
receptor.

This study had limitations typical of ligand PET and
brain imaging studies in humans. 5-HT concentrations in
the brain cannot be measured directly in humans; there-
fore, we used indirect measures and made interpretations
about these measures. The binding potential reflects
Bmax/Kd (density × affinity). Although we are unable to dis-
cern between these two parameters, it is likely that an in-
crease in 5-HT2 binding potential reflects an increase in 5-
HT2 Bmax. Postmortem studies of suicide victims report
higher levels of 5-HT2 Bmax (7–13), and animal models of
5-HT depletion report higher levels of 5-HT2 Bmax (5, 6).
Even if decreased 5-HT2 receptor stimulation resulted in
an increase in affinity (decrease in Kd), binding potential
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would still be increased in the same direction, and this re-
sult would not confound our main interpretations.

We found higher 5-HT2 binding potential throughout
the cortex. Our interpretation is that the higher 5-HT2

binding potential can be attributed to a lower level of 5-HT
in the cortex with normally functioning 5-HT2 receptors.
This interpretation need not apply to other 5-HT receptor
abnormalities reported during depressive episodes. Lower
levels of 5-HT1A binding potential have been found in
most cortex regions during depression (71, 72). Decreased
5-HT transporter density within the prefrontal cortex was
found in a large postmortem study of depressed subjects
(73); however, this finding is not consistently reported (12,
73–76).

The conclusion that low 5-HT agonism is responsible
for the association between higher levels of 5-HT2 binding
potential and dysfunctional attitudes is the simplest ex-
planation of the highly significant findings of the separate
experiments of this study. Usually the simplest explana-
tion (with the fewest assumptions) for multiple observa-
tions is the correct one; however, it is possible that more
complicated explanations may account for the association
between dysfunctional attitudes and 5-HT2 binding po-
tential during depressive episodes. To resolve this issue,
dysfunctional attitudes should be measured in future in-
vestigations of serotonin abnormalities during depressive
episodes.

In summary, this study had several novel findings. Dys-
functional attitudes decreased after administration of d-
fenfluramine, suggesting that neuronal release of 5-HT
may modulate dysfunctional attitudes in healthy humans.
Abnormal functioning of 5-HT modulation during major
depressive episodes can explain the association between
cortex 5-HT2 binding potential and dysfunctional atti-
tudes: low 5-HT agonism may lead to higher levels both of
5-HT2 binding potential in the cortex and of dysfunctional
attitudes. A subtype of major depressive episodes with
higher levels of dysfunctional attitudes was identified, and
subjects with this subtype had higher 5-HT2 binding po-
tential in the cortex, compared to healthy subjects. These
findings indicate an important role for abnormal seroton-
ergic neuromodulation in the pathophysiology of dys-
functional attitudes during major depressive episodes.
These findings have significant implications for future re-
search on suicide in depression.
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