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In several reports, the acute oral administration of the
partial serotonergic agonist meta-chlorophenylpiperazine
(mCPP) in dose of 0.5 mg/kg induced a significant
worsening of obsessive-compulsive (OC) symptoms in a
number of patients. The aim of our study was to test the
0.25 mg/kg mCPP dose, which was hypothesized to be more
specific for OC symptoms and was until now tested only on
healthy subjects. In a double-blind, controlled crossover
study, 12 OC patients participated on three test days,
receiving one of the following on each day: oral 0.5 mg/kg
mCPP (standard dose), 0.25 mg/kg mCPP (low dose), or
placebo. Behavioral ratings were obtained by means of
Visual Analogue Scale (VAS) ratings. The low dose mCPP

induced a significant worsening of OC symptoms in 50%
(6/12) of the patients, whereas 8.3% (1/12) of the patients
showed a worsening after the standard dose. On the other
hand, only the standard dose mCPP induced a worsening,
although not statistically significant, of anxiety ratings.
Our data show that the 0.25 mg/kg dose mCPP induces a
specific response in OC symptoms, with little anxiogenic
effect. To confirm these preliminary data, future studies will
be needed on larger samples and with more sensitive rating
scales.  [Neuropsychopharmacology 24:31-36, 2001]
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Meta-chlorophenylpiperazine (mCPP), the main metab-
olite of the antidepressant trazodone (Caccia et al.
1981), has various 5-HT agonist properties that have re-
cently been used to assess central 5-HT receptor sensi-
tivity in psychiatric disorders (Charney et al. 1987; Zo-
har et al. 1987; Hollander et al. 1992; Goodman et al.
1995; Hott Pian et al. 1998; Broocks et al. 1998).

mCPP has complex effects on brain 5-HT systems: it
binds potently to 5-HT2c receptors and, with weaker af-
finity, to 5-HT1a receptors (Kahn and Wetzler 1991).
Animal models of anxiety (i.e., social interaction, dark/
light box) suggest that mCPP anxiogenic effects are me-
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diated through agonist action on 5-HT2c (ex 5-HT1c) re-
ceptors (Curzon and Kennett 1990).

Several studies have evaluated behavioral responses
to mCPP in obsessive compulsive (OC) patients. In
three double blind, placebo controlled studies (Zohar et
al. 1987; Pigott et al. 1991; Hollander et al. 1992), oral
mCPP administration in dose of 0.5 mg/kg induced a
significant worsening of obsessive-compulsive symp-
toms in a number of patients. These results have been
interpreted as a possible evidence of a serotonergic
postsynaptic hypersensitivity in OC patients. On the
other hand, in more recent studies (Goodman et al.
1995; Hott Pian et al. 1998), oral mCPP administration
(0.5 mg/kg) did not show any evidence of OC symp-
toms exacerbation in drug-free patients with obsessive
compulsive disorder (OCD).

The choice of the standard mCPP dose (0.5 mg/kg)
was done according to the hypothesis of an hyposensi-
tivity of 5-HT receptors related to the hypothalamus-
pituitary-adrenal (HPA) axis in OCD (Pigott et al. 1991),
suggesting that 5-HT receptor stimulation should be
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large enough to detect a blunted hormone response in
comparison to control subjects. However, if serotoner-
gic hypersensitivity is suspected in OCD, then 5-HT re-
ceptor stimulation should be low enough to avoid a
ceiling effect (Kahn et al. 1990) of the behavioral re-
sponses (i.e., higher anxiety levels might mask underly-
ing OC symptoms).

We designed the present study to evaluate behav-
ioral responses of OC patients to different oral doses of
mCPP: a standard dose (0.5 mg/kg) to replicate results
from literature, and a low dose (0.25 mg/kg), according
to the hypothesis of a serotonergic hypersensitivity, to
test a possible major specificity of the low-dose chal-
lenge for OCD.

METHODS
Subjects

Twelve patients (eight men and four women, mean age
27.7 + 9.9 years) participated in the study. After com-
plete description of the study, carried out in accordance
with the Declaration of Helsinki, both oral and written
informed consents were obtained from all subjects be-
fore their enrolment.

The investigation included all consenting and eligi-
ble patients who were admitted to the Department of
Neuropsychiatric Sciences at S. Raffaele Hospital, Uni-
versity of Milan. These patients met DSM-IV criteria
(American Psychiatric Association 1994) for OCD and
were drug-free for at least five weeks. Inclusion criteria
consisted of: age from 18 to 60 years, DSM-IV diagnosis
of OCD, absence of other lifetime and/or current coex-
isting Axis I diagnoses. Exclusion criteria consisted of:
renal, hepatic, and/or thyroid abnormalities indicated
by anamnesis and routine analyses, as well as other se-
rious general medical conditions.

Clinical Assessment

On admission, all patients received a DSM-IV clinical
diagnosis of OCD. Therefore, to confirm diagnosis of
OCD and to exclude coexisting Axis I diagnoses, the
Italian version of the Diagnostic Interview Schedule-
Revised (DIS-R) (Robins et al. 1989) was routinely ad-
ministered by a resident in psychiatry (M.H.), trained
and experienced in the use of the instrument. The data
collected were scored by a computer program (Marcus
et al. 1990) and then modified according to DSM-IV cri-
teria where appropriate.

To quantify baseline OCD symptom severity, we
used the Yale Brown Obsessive Compulsive Scale (Y-
BOCS) (Goodman et al. 1989a,b), which is sensitive to
severity of OCD symptoms. To quantify baseline de-
pressive symptoms, the 21-item Hamilton Depression
Rating Scale (HDRS) (Hamilton 1960) was used.
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Visual Analogue Scale (VAS) ratings completed by
patients were used to evaluate changes in subjective
condition using four different items: sad (VAS-SAD),
anxious (VAS-ANX), drowsy (VAS-DRO), and dis-
turbed by obsessions and compulsions (VAS-OC). All
VAS ratings were scored in millimetres from the left-
hand site of a 100-mm line to a perpendicular mark
made by subjects at a point corresponding to their state
at that time. The score ranged from 0 (“not at all”) to
100 (“most ever”).

Procedure

Each patient participated at three test days, in which
they received oral 0.5 mg/kg mCPP (“standard”), 0.25
mg/kg (“low”), or placebo, in a double-blind, con-
trolled, balanced crossover fashion (minimum interval
between challenges: 3 days). The mCPP was obtained
from Aldrich Chemical Co., Milwaukee, WI.

Patients fasted from 11 p.m. on the night before the
day of the procedure. At 8:30 a.m. (t0), after a 30-min
adaptation period, vital signs (blood pressure, heart
rate, sublingual temperature) and VAS clinical ratings
were collected, and subjects received either mCPP or
placebo identical capsules. Vital signs and VAS ratings
were also collected at 1 (t1), 2 (t2), 3 (t3), and 4 (t4) hours
after the ingestion of the capsule. During the experi-
mental procedure patients were not allowed to sleep,
eat, or drink (except for water).

Data Analysis

Results from behavioral ratings were analyzed by
means of analysis of variance (ANOVA) with repeated
measures (Wilkinson et al. 1992). The main effects con-
sidered were treatment (“standard” mCPP vs. “low”
mCPP vs. placebo) and time (changes over the five time
points sampled: t0, t1, t2, t3, t4). The interaction of treat-
ment X time was also considered.

When significant treatment X time interactions were
identified, post-hoc paired t-tests were performed to
detect between-treatment differences (Wilkinson et al.
1992). The “peak response” to mCPP for each variable
was calculated as previously described (Zohar et al.
1988; Goodman et al. 1995) by subtracting the maxi-
mum change following placebo or mCPP administra-
tion from the corresponding baseline measure. Paired
t-tests were then used to compare the between-treat-
ment peak responses to mCPP.

As for obsessive-compulsive symptoms, according
to the “peak response” calculation, patients were classi-
fied as “worsened” (WOR) and “unchanged” (UNC). If
the peak increase of the VAS-OC from baseline was =
12, corresponding to the = 1-point increase with the
Clinician-Rated Obsessive Compulsive Challenge Scale
(Goodman and Price 1990), patients were classified as
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Table 1. Demographic and Clinical Characteristics of the
Sample (N = 12)

Sex (F/M) 4/8

Age (yrs) 27.54 = 10.46
Educ. level (yrs) 11.63 = 3.23
Co-diagnoses None
Onset OCD (yrs) 17.36 = 6.76
Y-BOCS total score 25.09 + 5.37
HDRS total score 8.54 = 554

Y-BOCS, Yale-Brown Obsessive Compulsive Scale.
HDRS, Hamilton Depression Rating Scale.
Values are expressed as mean * SD.

“worsened”. “Unchanged” patients had VAS-OC peak
changes from baseline less than 12.

RESULTS
Characteristics of the Sample

Demographic and clinical characteristics of the sample
are summarized in Table 1.

Adverse Effects and Vital Signs

On the whole, mCPP was well tolerated: both standard
and low dose caused a mild drowsiness in six patients;
three patients reported a mild nausea during the adminis-
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tration of the standard dose (0.5 mg/kg). One of these
three patients reported also a late-onset headache (ie.,
about 4 hours after the end of the challenge), an adverse ef-
fect already mentioned in the literature (Zohar et al. 1987).
On the other hand, the low mCPP dose (0.25 mg/kg) did
not cause any significant adverse effect. Blood pressure,
heart rate, and sublingual temperature did not show any
significant variation during the three challenges.

Behavioral Effects

Obsessive-Compulsive Symptoms. A repeated mea-
sures ANOVA performed on VAS-OC ratings revealed
a significant treatment X time interaction (F = 2.95;
df = 8,88; p = .006). Figure 1 and Table 2 suggest a
worsening of OC symptoms after the low dose of
mCPP, not after the standard dose. Post-hoc t-test eval-
uation showed a significant difference between the pla-
cebo and the low dose at time t3 (t = —2.33, df = 11, p=
.04); no other significant differences were found, in-
cluding an analysis with sex as a grouping variable (F =
1.17, df = 4.40, p = .34).

Inspection of Figure 1 suggests a baseline difference
in VAS-OC score; however, there were no significant
differences in baseline behavioral measures among the
three test days, as evidenced by the non-significant
main effect of treatment (F = 1.07; df = 2,22; p = .36).
The main effect of treatment remained non-significant

"Disturbed by Obsessions and Compulsions"

—&— Placebo

——0.25 mg/kg
—&— 0.50 mg/kg

40
4—#
25
o
g I’/ \\/’
8]
20
<
>
15
10
5
O T 1 T 1
TO T1 T2 T3 T4
Time (hrs)
Figure 1. A significant worsening of the distress related to obsessive-compulsive symptoms was found with the low-dose

(0.25 mg/kg), but not with the standard-dose (0.50 mg/kg), mCPP.
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Table 2. Changes in VAS Scores during the Acute Challenge for the Items “Disturbed by Obsessions and Compulsions”

and “Anxious”

TO T1 T2 T3 T4

“Dist by Obs and Comps”

Placebo 244+ 65 27.7 = 6.0 23.1*+52 212 +5.0 244+ 6.6

0.25 mg/kg 204 +5.1 28.7 = 8.1 36.2+9.2 37.0 =89 33.5*+85

0.50 mg/kg 36.1 =93 30.0 9.2 312+ 8.1 294 + 8.2 277 +72
“ Anxious”

Placebo 27.7 + 6.4 21.5+5.8 17.7 5.0 21.6 = 6.3 23.0 = 6.4

0.25 mg/kg 28.7 79 26.2 + 6.0 26.5 *+ 6.4 273+ 8.2 243 +75

0.50 mg/kg 29.0 = 8.0 30371 39.8 = 8.0 31.0+75 27.7 = 5.8

Values are expressed as mean * SEM.

even when ANOVA was covaried for baseline OC score
(F =0.098; df = 2,16; p = .10)

Peak Responses.  Paired t-tests on peak responses in
VAS scores for OC symptoms showed a significant dif-
ference between the low- and standard-dose mCPP (t =
2.45,df =11, p = .03)

Categorical Approach.  Patients were divided in
“worsened” and “unchanged” according to the classifi-
cation mentioned above (see Methods, data analysis).
While 50% of patients (6/12) showed a worsening of
OC symptoms after the low dose mCPP, only the 8.33%
of patients (1/12) showed a worsening after the stan-
dard dose. A 2 X 2 chi-square test (low/standard dose X

"Anxious"

worsened /unchanged) showed a marginally significant
difference between the two doses (chi-square = 3.23, df =
1,p=.072).

Anxiety and Mood. A repeated measures ANOVA
on VAS-ANX and VAS-SAD ratings did not show any
significant treatment X time interaction. Although not
significant, Figure 2 and Table 2 suggest an exacerba-
tion of anxiety ratings with the 0.5 mg/kg dose mCPP.

DISCUSSION

The administration of the standard dose (0.5 mg/kg)
mCPP did not show any significant effect on OC symp-
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Figure 2. Only the standard dose (0.50 mg/kg) induced a worsening of anxiety ratings, although not statistically signifi-

cant (F = 1.55; df = 8,88; p = .15).
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toms, in agreement with the findings of Goodman et al.
(1995) and Hott Pian et al. (1998). In comparison with
previous reports, our study lacks a healthy control
group, but prior studies have not documented ob-
sessogenic responses in normals to mCPP, and our
study aims to test the effect of different mCPP doses in
patients.

Several factors should be considered in evaluating
the absence of response to the standard dose mCPP.
The first factor could be the small sample size of this
study, leading to the risk of a Type II error. The second
could be the environmental condition during the exper-
imental procedure. A study from Khanna (1993) sug-
gests that susceptibility to mCPP is related to both drug
and behavioral exposure conditions. For example, the
contact with a “contaminated” sphygmomanometer
could provoke a behavioral challenge in some patients,
interfering with the biological effects of the substance.
For such reason, our staff was asked to minimize any
behavioral stimulus during the challenge, and patients
were questioned about their specific OC symptoms, to
minimize non-specific effects of “distress” due to the
unusual experimental conditions. Another issue could
be the poor sensitivity of the VAS rating scales, which
measure only a subjective condition of the distress re-
lated to OC symptoms. We are now planning another
study employing Clinician-Rated and Patient-Rated
Obsessive-Compulsive Challenge Scales (CR-OCCS
and PR-OCCS) (Goodman and Price 1990), in order to
obtain better comparisons with previous data. Thus, be-
cause of the difference between VAS and CR-OCCS,
this study is not entirely comparable to previous stud-
ies (Hollander et al. 1992; Goodman et al. 1995).

The anxiogenic effect of the standard dose mCPP,
even if not statistically significant, is in agreement with
the data about the non-specific anxiogenic effect of 0.5
mg/kg (oral) or 0.1 mg/kg (intravenous) mCPP admin-
istration in normal controls (Kahn et al. 1990) and in
different mental disorders, such as OCD (Goodman et
al. 1995) and schizophrenia (Krystal et al. 1993). This
apparent discrepancy between the effect of the 0.50
mg/kg dose on anxiety and the 0.25 mg/kg dose on OC
symptoms might be attributed to a differential action of
different mCPP doses on various receptor subpopula-
tions (Hoyer et al. 1994).

The original aspect of our study is the utilisation of
the low-dose mCPP, until now tested only on healthy
controls (Kahn et al. 1990). Our data, even though pre-
liminary, show that the low-dose mCPP induces a spe-
cific response on OC symptomes, is less anxiogenic and
better tolerated than the standard dose. Moreover, the
0.25 mg/kg dose of mCPP points out a possible greater
selectivity on some receptor subpopulations. In fact,
many 5-HT receptor subpopulations are stimulated,
with weak affinity, by mCPP, i.e., 5-HT1A and 5-HT1B
as an agonist, and 5-HT1D as an antagonist (Glennon
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and Dukat 1995). On the other hand, 5-HT2C receptors
appear to be stimulated more selectively than other re-
ceptors with a lower dose of mCPP (Hoyer et al. 1994).
Overall, our data agree with the hypothesis of a hyper-
sensitive serotonergic receptor subpopulation in OCD
(Zohar et al. 1987), even though other possibilities, e.g.,
a deficiency of compensatory mechanisms during 5-HT
stimulation, can be considered.

Since the 1960s, serotonin has been repeatedly impli-
cated in the pathophysiology of OCD (Insel et al. 1985;
Jenike et al. 1990; Murphy and Pigott 1990; Zohar et al.
1988; Barr et al. 1992). This evidence was largely derived
from the data about chronic administration of clomi-
pramine and SSRIs, whose antiobsessive efficacy ap-
pears to be critically linked to the effects on the 5-HT sys-
tem rather than other neurotransmitters (Pigott 1996).

Future studies will be needed to test the serotonin
hypothesis of OCD (Barr et al. 1992) on larger samples
and with more sensitive and specific rating scales. New
drugs, with a more selective serotonergic action, will
also be needed to evaluate the possible role of seroton-
ergic receptor subtypes.
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