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Alteration of Serotonin Release in the Guinea 
Pig Orbito-Frontal Cortex by Selective 
Serotonin Reuptake Inhibitors 
Relevance to Treatment of Obsessive-Compulsive Disorder 
Mostafa El Mansari, Ph.D., Claude Bouchard, B.S., and Pierre Blier, M.D., Ph.D. 

Potent serotonin (5-HT) reuptake inhibitors are the only 
antidepressant agents thus far shown to be effective in 
the treatment of obsessive-compulsive disorder (OCD!. 
Positron emission tomography studies in humans have 
implicated the orbito-frontal cortex and the head of 
caudate nucleus in the mediation of OCD symptoms. 
Since the delay of the maximal therapeutic effect of 
selective 5-HT reuptake inhibitors (SSRI) is longer in 
OCD than in major depression and the terminal 5-HT 
autoreceptor is not desensitized in the guinea pig frontal 
cortex after 3 weeks of SSRI administration, the effects of 
the SSRI paroxetine (10 mg/kg/day) and fluoxetine (5 
mg/kg/day) on 5-HT release and on the sensitivity of the 
terminal 5-HT autoreceptor were investigated in the 
guinea pig frontal cortex, the orbito-frontal cortex. and 
the head of caudate nucleus following a washout period 
after 3 and 8 weeks of treatment. In preloaded slices 
prepared from guinea pigs treated with paroxetine for 3 
weeks, the electrically evoked release of [1HJS-HT release 
was enhanced in the frontal cortex (21%) but not in the 
orbito-frontal cortex or in the head of caudate nucleus. 
However, after an 8-week treatment, the evoked release of 
[3HJ5-HT was significantly enhanced in the orbito-frontal 
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rnrtex (55%) and in the rest of the frontal cortex (29%) 
from the same animals, but still unchanged in the head 
of caudate nucleus. Concentration-effect curves, 
constructed with the 5-HT autoreceptor agonist 
5-methoxytryptamine, showed that the terminal 5-HT 
autoreceptor was desensitized only in the orbito-frontal 
cortex after 8 weeks of treatment with paroxetine. 
Furthennore, the 5-HT transporter was desensitized in 
the frontal cortex but not in the orbito-frontal cortex. In 
the case of 3- or 8-week fluoxetine treatment, neither 
[

1H]5-HT release nor the sensitivity of the terminal 5-HT 
autoreceptor were altered in the orbito-frontal cortex and 
the head of caudate nucleus. This could be attributable to 
a smaller degree of 5-HT reuptake inhibition achieved 
with fluoxetine, in keeping with the notion that higher 
doses of SSRI are generally required to improve OCD 
than depression. Taken together, these results indicate 
that, in the orbito-frontal cortex, the enhanced release of 
/

1HJ5-HT induced by prolonged and marked 5-HT 
rcuptake inhibition is attributable to a desensitization of 
the terminal 5-HT autoreceptor. 
{Neuropsychopharmacology 13:117-127, 1995] 
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Antidepressant drugs with potent inhibitory effects on 
serotonin (5-HT) reuptake, such as clomipramine, 
fluvoxamine, fluoxetine, and paroxetine, are thus far 
the only agents shown to be effective in the treatment 
of obsessive-compulsive disorder (OCD) (Fontaine and 
Chouinard 1985; Goodman et al. 1990; Insel et al. 1983; 
Steiner 1994). Since these selective 5-HT reuptake in­
hibitors (SSRI) belong to different chemical families and 
the only property they share is the capacity to potently 
block the 5-HT reuptake process, there is little doubt 
that they exert their therapeutic effects via the 5-HT sys­
tem. Two further lines of clinical evidence suggest that 
the 5-HT system is indeed involved in the therapeutic 
effect of SSRI in OCD. First, it has been reported that 
metachlorophenylpiperazine (mCPP), a drug with sig­
nificant affinity for several 5-HT receptor subtypes, can 
exacerbate OCD symptoms, possibly through a sero­
toninergic mechanism (Charney et al. 1988; Hollander 
et al. 1992; Zohar and I nsel 1987). Second, administra­
tion of the 5-HT antagonist metergoline to patients with 
OCD who had improved with a 5-HT reuptake blocker 
produced a worsening of OCD and of anxiety symp­
toms (Benkelfat et al. 1989; Greenberg et al. 1994). 

Considerable evidence already exists that the 
orbito-frontal cortex and the basal ganglia are involved 
in the symptomatology of OCD (lnsel 1992). Indeed, 
provocative stimuli, which induced OCD symptoms, 
increased relative regional cerebral blood flow in the 
caudate nucleus, the or bi to-frontal cortex, and the cin­
gulate cortex (Rauch et al. 1994). Furthermore, treat­
ment with clumipramine tir fluo>-.etine leads to a reduc­
tion of activity in prefrontal areas, particularly the 
orbito-fnmtal cortex (Benkelfat et al 1990; Insel l 992; 
Swedo et al. 1992) and in the head of caudate nucleus 
(Baxter et al. 1987. 1992). It is striking that the reduc­
tion in orbito-fruntal cortex and caudate activity ha.-, 
been associated with clinical improvement in OCD pa­
tients whu respunded either to phMmacotherapy or be­
havioral psychotherapv (Baxter et al. 1992). 

Preclinical studies provide strong evidence that ,1 

variety of different antidepressant drugs potentiall' 
5-J-!T neurotransmission in the rat brain (Blier and dl' 
Mc,ntigny 1994). In the case of SSRI, this enhancement 
is attributable to cell body and terminal 5-J-!T autorecep 
tor desensiti/ation. It was proposed that the enhanced 
5-J-!T transmission occurring through 5-J-!T autorcccp 
tor desensitil'.ation in certain brain regions (Blier and 
Bouchard 1994; Blier et al 1988; Chaput et al. 1 LJ8h 
Chaput et al. 1991; Moret and Briley 1990b). such a-­
the hippocampus and hypothalamus, might underlie 
at least in part, the therapeutic t·ff1cacv of SSRl in ma 
jor depression. It is striking, hovvever, that this adap 
tive phenomenon does not uccur in the frontal corte, 
despite the observation that 5-HT release was enhan(ed 
after a 3-week treatment with an SSR\ (Blier and B( 1u 
chard 1994). 

Given thl' longer dela\ !( ,r tlw m,n.imal tlwrapt·u 
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tic effect of SSRI in OCD than in depression (Fineberg 
et al. 1992; Montgomery and Manceaux 1992), the im­
portant role of the frontal cortex in OCD (lnsel 1992), 
and the lack of a desensitization of the terminal 5-HT 
autoreceptor in this structure after a 3-week SSRI treat­
ment (Blier and Bouchard 1994), it was therefore deemed 
crucial to assess 5-HT release and the sensitivity of the 
terminal 5-HT autoreceptor in the orbito-frontal cortex 
and the caudate nucleus after a longer period of SSRI 
treatment (8 weeks). The experiments were carried out 
in guinea pigs because their terminal 5-HT autorecep­
tor are of the 5-HTrn subtype as in humans (Galzin et 
al. 1992; Hoyer and Middlemiss 1989; Maura et al. 1993). 

METHODS 

Treatments 

Male guinea pigs (250-350 g) were anesthesized with 
halothane and implanted with an osmotic minipump 
(Alza, Palo Alto, CA, U.S.A.) that delivered the SSRI 
paroxetine (10 mg/kg/day), fluoxetine (5 mg/kg/day), 
or the vehicle used to dilute these two drugs (50/50 eth­
,rnol and water). For the 8-week treatment, a new 
mini pump was installed 4 weeks after the first implan­
tation. After 3 or 8 weeks of treatment, the minipumps 
were removed under halothane anesthesia and the in 
vitro e>-.periments were carried out 48 or 96 hours later 
tu allow elimination of paroxetine or fluoxetine, respec­
tively. The rationale for using these treatment regimens 
is the following. Previous studies had shown that 10 
mg. kg: dav of paroxetine produced a desensitization of 
the terminal 5-HT autoreceptor in the hypothalamus 
and the hippocampus after a 3-week treatment (Blier 
and Bouchard 1994). The 5-mg/kg/day regimen of fluox­
t•tine was used because fluoxetine has an active metabo­
lite, norfluoxetine, which is as potent and has a half­
lifr ,1bout twice as long as that of the mother compound 
(Caccia et al. 1990). Consequently, a longer washout 
pcriud was necessary for the fluoxetine than for the 
paroxetine treatment. For the ['J-1]5-HT uptake experi­
ments. the guinea pigs were treated for 1 week with 
parnxetine or fluoxetine in order to achieve steady-state 
lvwls and were sacrificed \vith the minipump in place 
Lil'll\ l'nng tht' drug. 

Superfusion Experiments 

( ;umea pigs were sacrificed by decapitation and the 
br,1m immediately removed and rapidly dissected on 
<1n ice-mid glass plate. Slices. 400 µm thick, from the 
( ,rbito-frontal cortex, the frontal cortex, and the head 
tit caudate nucleus were prepared using a Mcilwain tis­
"LIL' chupper. The slices were then incubated with 
[ 11 I J5-f n for 30 minutes at 3TC in Krebs buffer con­
taining 20 nM [3H]5-HT creatinine sulfate (specific ac­
t!\ it\' I I TBq mmol 1; NEN Research Products, Mis-
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sissauga, Canada) and bubbled vvith a mixture of 95% 
0215% CO2. In order to prevent the uptake of ['HI 
5-HT into dopaminergic nerve endings of caudate nu­
cleus slices (Feuerstein et al. 1992), 1 µM of nomifen­
sine, a catecholamine uptake inhibitor, was added only 
for the incubation period. The composition of the Krebs' 
solution was the following (in mM): NaCl 118, KC! 4. 7, 
CaCh 1.3, MgCb 1.2, NaH2PO4 1, NaHCO, 25, glucose 
11.1, Na2 EDTA 0.004, and ascorbic acid (l.11. At the 
end of the incubation period, the slices were washed 
and transferred to glass superfusion chambers (three 
slices of the head of caudate nucleus, two slices of orbito­
frontal or frontal cortex) and superfused at a rate of 0.5 
ml/minute vvith oxygenated Krebs' solution maintained 
at 37''C. Nineteen consecutive 4-minute fractions were 
collected starting 90 minutes after the beginning of su­
perfusion for the three structures. Two periods of stim­
ulation, 51 and 52, were carried uut within the same ex­
periment at 8 and 52 minutes, respectively, after the 
end of the 90-minute washing period. The electrical field 
was generated in the chambers between two platinum 
electrodes (30 mA, 2 ms, 3 Hz for 2 minutes), positioned 
2 cm apart. The frequency of stimulation was chosen 
because it was within the range of the firing rate of 5-HT 
neurons recorded in freely moving cats (Jacobs 198h). 
The first stimulation period (S 1) \\ as used as control, 
and the drugs were added 2U minutes before 52 and re­
mained present throughout the rest uf the experiment. 
At the end of superfusion period, the slices were solu­
bilized with 0.5 ml of Suluene 350 (Packard Instruments, 
Downers Grove., IL, L. S.A. ), ,rnd the radioactivity in 
the slices and superfusate -,,nnple~ 1vas determined b\ 
liquid scintillation spectrometr\' The results were ex­
pressed as the fraction of the tritium content present 
in the time at the onset ut the re-,pect,ve collection 
periods. The fractional relec1se l'vuked bv electrical stim­
ulation was cc1lculc1ted d~ tlw d1fft'ft'nce bet\veen the 1() 

ta! amount of radioactivitv rdec1sed during stimul<lti1rn 
and the basal outflm\ ubtamed in the sdmple preced­
ing the onset uf stimuldtllln (:-,p: ur sp:,J. fu assess tlw 
drug-induced change-, 1)! electricallv l'\'okl,d n·leasl' ut 
tritium from the slices preludded \\'Ith [ 1H]5-HT, the 
ratiu of fractional relt'd:-,t' bd\\et·n the seumd and thl' 
first period uf stimulation i .S:· SI I \\ ,h call ulated. Tlw 
sp: sp. ratio-, \\L're ,tlsu Lclkulatl'd t,i determ11w 
whether the drugs altert·d the ba,-,al m1tfl()\\ of radioaL 
ti\·itv, The amuunt of trihurn rt·leased bv electrical stim 
ulatiun under these Cllnditl()t1'' pw\ ide~ d reliable e~t1-
mc1k of the n·lL',be tit tritic1tt-d 1,1 endugenous 5-H I 
(Baumann l'I c1l 1981, Blier ,111,,i H,,uchdfd 199:\ f\1mt·t 
and Brilev JYLJlla) 

Determination of 13H]5-HT Uptake 

C(1~tical slices were incubat,'d in ,i,\gl•nated Krebs.;" 
lutiun at 17 ( It) d,•tl'rm1n, ,i, 11tr.' ! 'Hi; !IT uptc1]._1 
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After a 3-minute period of stabilization, [3H]5-HT was 
added to the final concentration of 20 nM in a total in­
cubation volume of 2 ml. After 3 minutes of incubation, 
the uptake was stopped by transferring the slices into 
5 ml of ice-cold Krebs solution, they were then solubi­
lized in 0.5 ml of Soluene 350. A parallel experiment 
was carried out at 0°C as a control for passive diffusion. 
The radioactivity in the media and in the tissues was 
determined by liquid scintillation spectrometry. The in­
hibition of uptake was calculated according to the for­
mula: % inhibition of uptake = (Re - RTIRc - Ro) x 
100, where Re is the ratio of tissue to medium for the 
control slice, Rr is the ratio of tissue to medium in­
cubated with the drug, and Ro is the ratio of tissue to 
medium for the control slice at 0°C. The percentage in­
hibition was calculated by comparing the inhibition 
values obtained in the slices prepared from the control 
and treated guinea pigs. 

Results are expressed as mean ± SEM. Differences 
between the controls and the treated groups were com­
pared by the two-tailed Student's t-test. In order to de­
tect treatment effects, concentration-effect curves were 
c1 mstructed by studying simultaneously in the same su­
perfusion apparatus slices prepared from a control and 
slices from a treated guinea pig with the same drug so­
lution, The entire concentration-effect curves, rather 
than the means for each concentration, was compared 
using two-way analysis of variance. This experimental 
design was deemed optimal to minimize the problem 
of interexperimental variations. The following drugs 
were used: 5-methoxytryptamine (5-MeOT, Sigma, St. 
l 1JUis, MO, U.S.A.), paroxetine (SmithKline Beecham, 
larlow, England), fluoxetine (Eli Lilly and Company, 

Indianapolis, IN, U.S.A.), and nomifensine (Hoechst 
l ,rnada Inc., Montreal, Canada). 

RESULTS 

Effect of Paroxetine and Fluoxetine Administration 
on the Electrically Evoked Release of Tritium 
from 13H]5-HT Preloaded Slices 

!he fractional release of tritium evoked by the first 
period of electrical stimulation (51) was significantly 
L'nhc1nced 48 hours after a 3-week paroxetine treatment 
1 JU mg kg, day) in slices of the frontal cortex (21 %), but 
1wt Ill orbito-frontal or in the head of caudate slices of 
! fw same c1nimals processed in parallel (Figure lA). The 
"pontancuus outflow of radioactivity in the sample im­
nwdiatelv preceding this first period of stimulation 
1.., p 1 1 I\ as decreased in or bi to-frontal cortex slices 

Jh 010) prepared from the 3-week paroxetine-treated 
,c:umea pigs when compared to controls (Table 1). Af­
!t r ,rn 8-week treatment, the electrically evoked release 
, ,t tritium in the absence of any drug in 51 was signifi­
' ,1ntlv ,'nhanced by S5% and 29% in orbito-frontal and 
i r,. ,11t,1l , l ,rtex slices, respectively, but still unchanged 
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Table 1. Effect of Long-Term Administration of Paroxetine m Fluoxetine on the Spontaneous Outflow 
of Tritium from Guinea Pig Brain Slices Preloaded with [3H[ 5-HT 

Paroxetine Fluoxetine 

3-Week Treatment 8-Week Treatment 3-Week Treatment 8-Week Treatment 

Control Treated Control Treated Control Treated Control Treated 

Frontal cortex 1.11 ± 0.08 0.% ± 0.04 0.88 ± 0.03 0.89 ± 0.04 
(33) (34) (26) (31) 

Orbito-frontal 0 93 ± 0.05 0 78 ± (l.05'' 0.78 ± 0.03 0 88 ± (1.07 ll.81 ± 0.04 0.74 ± 0 03 0.85 ± 0.03 0.81 ± 0.03 
cortex (28) (28) (38) (34) (20) (18) (21) (22) 

Head of caudate 0 85 c lUl4 0 79 ± 0.06 0.87 ± 0.03 0 97 t ll.05 0.83 ± 0.04 0.94 ± 0.04" 0.91 ± 0.05 0.80 ± 0.03 
nucleus (28) (29) (22) (19) (17) (18) (20) (19)" 

Each value represents the percentage of total tritium content present Ill the slices in the 4-minute sample of perfusate collected immedi­
ately before the first period of electrical stimulation. The numbers given in parentheses refer to the number of experiments. 

'' I'< .05 when compared to the controls processed in parallel Ill the same experiments. 
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1(1 7 

0.5 
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Figure 1. Effect of 3-week and 8-week paroxetine (A) and fluoxetine (B) treatment on the electrically stimulated tritium 
overflow in slices prepared from the or bi to-frontal cortex, the frontal cortex, and the head of caudate nucleus and preloaded 
with [3H]5-HT. Paroxetine and fluoxetine were administered using osmotic minipumps implanted subcutaneously and re­
moved respectively 48 or 96 hours before sacrifice. Ordinate is the fraction of the total tissue radioactivity released by a 
2-minute period of electrical stimulation (51) (30 mA, 2 ms, 3 Hz) applied 8 minutes after the end of the washout period. 
Experiments were carried out in pairs of guinea pigs, a control and a treated animal processed in parallel in the same perfu­
sion apparatus. The number of experiments per group is given at the bottom of each column. Open bars: controls; shaded 
bars: 3-week treatment; solid bars: 8-week treatment. 
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in the slices of the head of caudate nucleus (Figure 1A). 
The spontaneous outflow of radioactivity (sp1) was un­
altered after an 8-week treatment (Table 1). 

In the slices prepared from guinea pig treated with 
fluoxetine (5 mg/kg/day) for 3 and 8 weeks, the electri­
cally evoked release of tritium was unaltered in the 
orbito-frontal cortex and the head of caudate nucleus 
slices, when compared to controls processed in paral­
lel (Figure lB). In slices of the head of caudate nucleus, 
the spontaneous outflow of radioactivity (sp1) was 
significantly increased (13%) after the 3-week treatment, 
but unchanged in orbito-frontal cortex slices after 3- and 
8-week treatments (Table 1). The total tissue content 
of radioactivity at the end of the experiments was not 
significantly altered in the slices prepared from guinea 
pigs treated with fluoxetine or paroxetine and in the 
controls (data not shown). 
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Effect of Long-Term Paroxetine and Fluoxetine 
Treatment on the Modulation of Tritium 
Release by the Terminal 5-HT Autoreceptor 
from [3H]5-HT Preloaded Slices 

The sensitivity of the terminal 5-HT autoreceptor was 
investigated following 3 and 8 weeks of treatment with 
paroxetine or fluoxetine. Concentration-effect curves 
were constructed using slices of the orbito-frontal and 
the frontal cortex as well as of the head of caudate nu­
cleus, in the presence of the 5-HT autoreceptor agonist 
5-methoxytryptamine (5-MeOT). In frontal cortex slices 
prepared from guinea pigs treated for 3 weeks with 
paroxetine, there was a significant attenuation in the 
inhibitory effect of 0.1 µM 5-MeOT on the electrically 
evoked release of tritium. However, analysis of the 
concentration-effect curves did not indicate a statisti-

A - 3 - WEEK PAROXETINE TREATMENT B - 8 - WEEK PAROXETINE TREATMENT 

FRONTAL CORTEX 

UJ (/) 
1.2 1 2 

i 
(/)- 1.0 l NS 1 0 'I N.S. <{ N 
UJ (/) j Figure 2. Concentration-effect curves ...JO 08 UJ- 08 
a:~ • of the 5-HT autoreceptor agonist 
...JO: 06 ., 06 5-methoxy-tryptamine, introduced c,:-
z~ t\ ( ' 0:::) 04 • 04 20 minutes before S2, on the release 
~E ' of tritium elicited by the electrical c,:O:: 0.2 02 "'· a: I- i 

y stimulation of orbito-frontal cortex, 
LL LL 

0 0 c-1 I) -----/~,----- frontal cortex, and the head of cau-
0 003 0 1 0 3 0 0 01 0 03 0.1 date nucleus slices prepared from 

ORBITO-FRONTAL CORTEX control (open symbols) and treated 

UJ (/) 
1 2 1 2 - (filled symbols) guinea pigs with parox-

(/)- NS l P<0.001 
etine for 3 weeks (A) or 8 weeks (B). 

<{ N 1 0 1 0 Ordinate is the fraction of total tissue UJ (/) 
T ...JO radioactivity released by 360 pulses UJ- 0.8 08 .. a::!;i: 

+ '~ • • (30mA, 2ms, 3Hzfor2minutes)ex-...JO: 0.6 06 c,:- pressed as the ratio (S2/S1) obtained z~ 
0:::) 0.4 Ol between the second period of stimu-
~E ', lation in the presence of 5-methoxy-c,:O:: 0.2 02 

' a: I- tryptamine (S2) and the first one LL LL 
0 0 .-I 1----,------T r ---f /- 1 done without this drug (S1). Each 

0 0 01 0.03 0.1 03 0 01 0 03 0.1 
point represents the mean ± SEM of 

HEAD OF CAUDATE NUCLEUS at least fIVe experiments per group in 

1 0 1 0 
pairs of control and treated guinea 

wC/J NS N.S. pigs. The level of statistical signif:t-
(/)- ! calculated using two-way <{ N O.B !, 08 cance, UJ (/) 
....JQ T r "') ' ', 

\ 
analysis of variance between the UJ-

a::!;i: 0.6 i\,_ • 06 curves obtained in the control and 
...JO: . '; 
c,:- ... treated group is indicated in the z~ ,, 
0:::) 04 04 

graphs (NS: nonsignificant). 
~E 
c,:O:: 0.2 02 
a: I-
LL LL 
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0 0 01 0.03 0 1 0.3 0 01 0 03 01 
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Figure 3. Concentration-effect curves 
of the 5-HT autoreceptor agonist 5-meth­
oxy-tryptamine, introduced 20 minutes 
before 52, on the release of tritium 
elicited by the electrical stimulation of 
orbito-frontal cortex and head of caudate 
nucleus slices prepared from control 
(open symbols) and treated (filled symbols) 
guinea pigs with fluoxetine for 3 weeks 
(A) or 8 weeks (8). Ordinate is the frac­
tion of total tissue radioactivity released 
by 360 pulses (30 mA, 2 ms, 3 Hz for 2 
minutes) expressed as the ratio (52/51) 
obtained between the second period of 
stimulation in the presence of 5-meth­
oxytryptamine (52) and the first one 
done without this drug (51). Each point 
represents the mean ± SEM of at least 
hve experiments per group in pairs of 
control and treated guinea pigs. The 
level of statistical signilicance, calculated 
using two-way analysis of variance be­
tween the curves obtained in the con­
trol and treated group is indicated in the 
graphs (l\'.S. = nonsignificant). 

I-= 04 
u-
<( a: 0 2 -a:- 02 I 

LL .L 
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0 0 01 0 1 1 0 0 0 01 
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cally significant difference between the control and the 
paroxetine group (Figure 2A). Following a 3-week 
paroxetine treatment, the effectiveness of 5-MeOT in 
decreasing the evoked release of [3H]5-HT was un­
altered in orbito-frontal cortex and the head of caudate 
nucleus slices (Figure 2A). After an 8-week treatment 
with paroxetine, however, there was a significant at­
tenuation of the capacity of 5-MeOT to inhibit the elec­
trically evoked release of tritium from preloaded orbitu­
frontal cortex slices, but not from frontal cortex and the 
head of caudate nucleus slices (Figure 2B). 

Slices of the orbito-frontal cortex and the caudate 
nucleus of the 3- and 8-week fluoxetine-treated guinea 
pigs were also studied (Figures 3A and B). The concen­
tration-effect curves in the 3- and 8-week fluoxetine 
groups were similar to those uf their matched controls 
in the two structures studied (Figures 3A and B). 

Effect of Acute and Chronic Paroxetine or 
Fluoxetine Administration on In Vitro [3H]5-HT 
Uptake and the Function of the 5-HT Transporter 

Cnexpectedly, the fluoxetine treatment (5 mgikg1day x 

8 weeks) did not alter the function of 5-HT terminals. 
In order to determine \,vhether the differential effect 
of the fluoxetine and the pc1rnxetine treatment was at­
tributable to different degn°es of 5-HT reuptake inh1-
b1tion, [3H]5-HT uptake \\ a:-. ddermined in slices prL'­
pared from control and flw 1xetine- ur paroxetine-treatt'd 
guinea pigs. A treatment penod uf I \veek was chosl'tl 

-~ 

0 1 10 

in order to ensure that steady-state levels of fluoxetine 
and of norfluoxetine were achieved. In the fluoxetine­
treated group, [3H]5-HT uptake was inhibited by 29% 
after a 1-week treatment (Figure 4A). However, follow­
ing a 1-week treatment with paroxetine, [3H]5-HT up­
take was inhibited by 56% in frontal cortex slices, with 
the minipump delivering the drug at the time of the 
sacrifice (Figure 4A), consistent with previous results 
obtained in our laboratory under identical conditions 
after 2 days of treatment with paroxetine (50%; Blier 
and Bouchard 1994). 

After a 48-hour washout, [3H]5-HT uptake in fron­
tal cortex slices was not significantly inhibited in guinea 
pigs treated for 8 weeks with paroxetine (18% ± 6, Fig­
ure 4B). However, following the 8-week fluoxetine treat­
ment with a 96-hour washout, there was still a small 
but significant inhibition of the uptake of [3H]5-HT 
(23% ± 7, Figure 4B) following the 8-week fluoxetine 
treatment. 

Paroxetine or fluoxetine was added to the superfu­
sion medium to assess whether the 5-HT transporter 
had desensitized in slices prepared respectively from 
paroxetine- or fluoxetine-treated guinea pigs. In orbito­
frontal cortex slices (Figure 5A), in presence of 1 µM 
pdroxetine introduced 20 minutes before 52, the 
overflow of tritium was significantly increased follow­
ing electrical stimulation in the vehicle group and also 
increased in the 8-week paroxetine group. An increase 
of tritium overflow was found in the presence of 1 µM 
fluoxetine, introduced before 52, in orbito-frontal cor-
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tex slices of the vehicle group and of the 8-week fluoxe­
tine group (Figure SA). In contrast, in frontal cortex 
slices (Figure 5B), the enhancing effect of 1 µM parnxe­
tine added before 52 vvas present in the vehicle group 
but not in the 8-week parnxetine group. 

DISCUSSION 

Tht· results of the present study indicate that following 
a 3-week treatment with the SSRI paroxetine (10 mg; 
kg/day), [3H]5-HT release was enhanced in the fnm­
tal cortex but not in the orbito-frontal cortex or in the 
head of caudate nucleus. However, after an 8-week 
treatment, the release of ,-HT was significantly en­
hanced in the orbito-frontal cortex as ,vell as in the rest 
of frontal cortex of the same animals, and still un­
changed in the head of caudate nucleus. Concentration­
effect curves using the 5-HT autoreceptor agonist 
5-MeOT, showed that the terminal 5-HT autoreceptur 
was desensitized only in the orbito-frontal cortex after 
8 weeks of treatment vvith paroxetine, therefore puta­
tively explaining, at least in part, the enhancement of 
5-HT release in the latter brdin region. In contrast, fol­
io½ ing 3- and 8-week treatments with fluoxetine ( 5 
mg 1kg/day), ['H]5-HT release and the sensitivity of the 
terminal 5-HT autoreceptor remained unaltered in the 
head of caudate nucleus and orbito-frontal cortex. 

The lack of alteration ,if r;-HT release in orb1to­
frontal cortex and caudak nucleus after either 3 or K 
weeks of fluoxeti1w treatment \\·as most likely due tu 
the absence of a modification uf the sensitivity of the 
terminal 5-HT autoreceptor. fhis could be attributed 
to an insufficient dose of fluoxetine. This regimen was 
used because the half-life ot fluuxetine and of its active 
metabolite norfluoxetine arc' relativelv long in rodents 
(Caccia et al. 1990). Previous biochemical studies have 
shown that fluoxetine inhibit~ ,-HT reuptake in blood 
platelets (as indicated by marked depletion of 5-HT) 
within the same range, that 1s.:; and 10 mglkglday ad­
ministered orally in laborattJrv animals (Schmidt et al. 
1988). Although the dose ,lf fluoxetine tested in this 
study is \veil within the range of those used in the~l' 
previous studies, uur result:- show that [3H]5-HT up­
take was inhibited by univ 2Y% after I week of fluoxc­
tine administration in animals which \Vere sacrificed 
with the mini pump in plan· fh1s result and those ob­
tained with paroxetinc treatment indicate that both thl' 
dose and duration of a trl'atment with an SSRI drl' 
responsible for the dl'\'l'iupment ut ,-HT autoreceptlll 
desensitization in thl" orb1to-tr,mtal cortex. Interl'St 
ingly, although little 1s currl'ntl\ known about the rel.i 
tionship betvveen dfectin' c111tHibsessional dose dnd 
bloud level of S-HT reuptakt· blockers (Swedo et di 
1992), there is clinical l'Yidt'll\ ,, thdt higher dose~ , ,t 
the~e antidepres'iant drug~ m,11 be n.'quired in trl·dt 
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Figure 4. Inhibition of [3H]5-HT uptake in the frontal cor­
tex of guinea pig following a paroxetine or fluoxetine treat­
ment with the minipump delivering the drug at the time of 
sacrifice after 1 week of treatment (A) or after 8 weeks of treat­
ment with washout (8), 48 hours in the case of the paroxe­
tine treatment, and 96 hours for fluoxetine. Inhibition of 
i 'H]S-HT uptake was determined by incubating the slices 
with 20 nM [3H]5-HT for 3 minutes. The percentage of inhi­
bition was calculated by comparing the tissue/medium ratios 
of radioactivity in the control and the treated groups. The 
number of experiments per group is given at the bottom of 
each column. * p < .05; ** p < .01; *** p < .001 when com­
pared to the tissue-medium ratios obtained in the controls 
processed in parallel in the same experiments. Open bars: con­
trol; shaded bars: paroxetine; solid bars: fluoxetine. 

mg OCD than depression (Chouinard 1992; Mont­
gumery ct al 1993). 

Following an 8-week but not a 3-week paroxetine 
treatment, !1H]5-HT release was significantly en­
hanced in the orbito-frontal cortex than in the rest of 
the frontal cortex, presumably because of a desensiti-
1 atiun ot the terminal 5-HT autoreceptor. Consistent 
with the latter assumption were the observations that, 
-ifll'r a]-\\ eek paroxetine treatment, the sensitivity of 
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Figure 5. Effect of paroxetine or fluoxetine (1 µM), introduced 20 minutes before S2, on the electrically evoked release of 
tritium from orbito-frontal cortex slices preloaded with [3H] 5-HT in (A) and frontal cortex in (B), prepared from control 
and treated guinea pigs, respectively, with paroxetine or fluoxetine for 8 weeks. Ordinate is the fraction of the total tissue 
radioactivity released by 2-minute periods of electrical stimulation expressed as the ratio (S2/ S1) obtained between the sec­
ond period of stimulation in the presence of drug (S2) and the fust one done without this drug (51). The number of experi­
ments per group is given at the bottom of each column. * p < .05; ** p < .01 when compared to the tissue/medium ratios 
obtained in the controls processed in parallel in the same experiments. Open bars: controls; shaded bars: paroxetine (1 µM) 
before 52; filled bars: fluoxetine ( 1 µM) before S2. 

the terminal 5-HT autoreceptor was not altered in the 
orbito-frontal cortex and [3Hj5-HT release was not en­
hanced. That this change in [3H]5-HT release in the 
orbito-frontal cortex might be due to 5-HT reuptake 
blockade per se can be excluded, since experiments 
were performed 48 hours after the removal of mini­
pump to allow elimination of the drug. Indeed, [3H] 
5-HT uptake was not significantly altered in 8-week 
paroxetine-treated animals after a 48-hour washout (Fig­
ure 4B). The possibility that the decreased function of 
the terminal 5-HT autoreceptor in orbito-frontal cortex 
following the 8-week paroxetine treatment also resulted 
from a desensitization of 5-HT transporter can be ruled 
out by the ability of 1 µM paroxetine, introduced 20 
minutes before 52, to significantly enhance the evoked 
release of [3H]S-HT in the superfusion medium. The 
sustained increase in extracellular availability of 5-HT, 
as a result of 5-HT reuptake blockade after an 8-week 
paroxetine treatment, is unlike!\' to be responsible for 
5-HT autoreceptor desensitization smce monoamine ox­
idase inhibitors, which have been shown to increase 
5-HT release, do not reduce the function of the termi­
nal 5-HT autoreceptor (Blier et al. 1986, 1988). Taken 
together, these results indicate that the enhanced re­
lease of [1H]S-HT induced by an 8-week 5-HT reuptake 
inhibition is entirely attributable to a desensitization of 
the terminal 5-HT autoreceptor in the urbito-frontal 
cortex. 

It has been shown that the modulation of 5-HT re­
lease from 5-HT terminals by their terminal autorecep-

tors presents the characteristics of 5-HT rn receptors in 
rats (Engel et al. 1986). In the human brain, the termi­
nal autoreceptor is of the 5-HT 10 subtype (Galzin et al. 
1992; Maura et al. 1993) and therefore guinea pigs were 
used in the present study since their terminal 5-HT au­
toreceptors are also of the 5-HT 10 subtype (Hoyer and 
Middlemiss 1989; Limberger et al. 1991). Recently, we 
have shown that the terminal 5-HT autoreceptor in the 
guinea pig hypothalamus and the hippocampus are 
desensitized after a 3-week paroxetine treatment (Blier 
and Bouchard 1994). However, these results stand in 
contrast with the present data showing a desensitiza­
tion of terminal 5-HT autoreceptor in the orbito-frontal 
cortex occurring only after an 8-week paroxetine treat­
ment. Since the conditions used in this in vitro study 
were the same as those used in these previous experi­
ments, vvith the exception of the longer duration of 
treatment, it is thus conceivable that the difference in 
the time constant of autoreceptor desensitization in the 
hypothalamus/hippocampus versus the orbito-frontal 
rnrtex reflects (if the autoreceptor is the same) differ­
ent mechanisms modulating the function of this recep­
tor. Therefore, the differential effects of paroxetine on 
the sensitivity of the terminal 5-HT autoreceptor in these 
different regions could possibly be explained by differ­
ent signal transducing systems mediating the effect of 
the terminal 5-HT autoreceptor on 5-HT release. For in­
stance, it has been demonstrated that the negative cou­
pling of the 5-HT ID binding sites to an adenylyl cyclase 
is present in the substantia nigra but not in the stria-
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tum (Waeber et al. 1989). Experiments are under way 
in our laboratory to investigate this issue. 

In the case of the frontal cortex, the lack of 5-HT 
autoreceptor desensitization after either 3 or 8 weeks 
of paroxetine treatment, suggests that the enhanced re­
lease of 5-HT could be attributable to changes in the 
function of the 5-HT transporter. Yet, in the 3-week 
paroxetine-treated group, based on the acute effect of 
paroxetine, it was suggested that the enhanced release 
of [3H]S-HT in guinea pig frontal cortex could be de­
rived from a decrease in the number of 5-HT carriers 
(Blier and Bouchard 1994). Indeed, it has been reported 
that the Bma, value for 5-HT transporters in the rat 
frontal cortex is decreased following 3 weeks of parox­
etine administered via an osmotic minipump (Pifi.eyro 
et al. 1994). Our results obtained in guinea pigs treated 
with paroxetine for 8 weeks showed the same degree 
of increase of [3H]S-HT release in the frontal cortex and 
thus support the assumption that this enhanced release 
resulted from a downregulation of the 5-HT transporter. 
Moreover, the fact that 5-HT transporters are desensi­
tized in frontal but not orbito-frontal cortex after an 
8-week paroxetine treatment suggests that they are en­
dowed with different properties. Here again, the re­
gional differences in the adaptability of 5-HT trans­
porters could be explained on the basis of differences 
in transducing mechanisms or distinct subtypes of 5-HT 
transporters. This latter possibility is compatible with 
the detection of multiple messenger RNA species en­
coding the 5-HT transporter in humans (Austin et al. 
1993; Ramamoorthy et al. 1993). 

The observation of the reappearance of depressive 
symptoms observed after acute tryptophan depletion 
in patients successfully treated with SSRI suggests that 
the antidepressant response is due to increased 5-HT 
neurotransmission following SSRI administration (Del­
gado et al. 1990). In contrast, the same depletion did 
not change mean ratings of obsessions and compulsions 
in OCD patients successfully treated with SSRI, thus 
indJCating distinct mechanisms of action of the SSRI in 
OCD and major depression. This difference may well 
stem from the differential effect of SSRI in brain regions 
implicated in depression and OCD. It is possible that 
a prolonged tryptophan depletion with provocative 
stimuli could induce a relapse of obsessive-compulsive 
symptoms in patients treated with SSRI. Another ap­
proach to demonstrate the implication of the 5-HT sys­
tem in the therapeutic effect of SSRI in OCD would be 
to interrupt the SSRI treatment before carrying out the 
2-day tryptophan depletion. This strategy might be 
more likely to produce a relapse since it was observed 
in the present study that the 5-HT transporter is not 
desensitized in the orbito-frontal cortex following parox­
etine treatment. 

The close association between orbito-frontal cortex 
metabolic activity and plasma level of clomipramine 

5-HT Release in Orbito-Frontal Cortex 125 

leads one to believe that a possible site of action of this 
drug might be the orbito-frontal region (Swedo et al. 
1992). However, in spite of the rapid onset of the inhi­
bition of 5-HT reuptake in humans by SSRI, their max­
imal therapeutic improvement is generally achieved 
only after 6 to 8 weeks in depression and only after 10 
to 12 weeks in OCD (Goodman et al. 1989; Montgomery 
and Manceaux 1992). Interestingly, the present results 
show an increase of [3H]S-HT release in the orbito­
frontal cortex after an 8-week, but not a 3-week, parox­
etine treatment. Thus, the time course of the occurrence 
of this adaptive change in the orbito-frontal cortex is 
congruent with the delayed therapeutic response to 
SSRI in OCD. 

An important result in this study was the unaltered 
[ 3H]5-HT release after an 8-week paroxetine adminis­
tration in the head of caudate nucleus, which is also 
involved in OCD symptoms. Fluoxetine has been found 
to decrease metabolic activity in frontal cortex but not 
in the caudate nucleus (Hoehn-Saric et al. 1991), thus 
suggesting that factors not associated with 5-HT neu­
rotransmission underlie the metabolic alteration in the 
caudate nucleus of OCD patients (Hoehn-Saric and 
Benkelfat 1994). This is concordant with generally less 
consistent changes found with positron emission to­
mography in the head of caudate nucleus observed in 
baseline scans, during symptoms provocation, or dur­
ing treatment (Baxter et al. 1987, 1988, 1992; Benkelfat 
et al. 1990; Rauch et al. 1994). Taking into considera­
tion that the caudate nucleus and the orbito-frontal cor­
tex are components of basal ganglia-thalamo-cortical cir­
cuitry, which is implicated in the pathophysiology of 
OCD (Alexander et al. 1989; Wise and Rapoport 1989), 
the treatment-induced enhancement of [3H]5-HT re­
lease in the orbito-frontal cortex should have conse­
quences on the other structures of this circuitry. 

In closing, one must bear in mind that it is not only 
alterations of the presynaptic components that can un­
derlie the effectiveness of a drug treatment, but also the 
responsiveness of postsynaptic 5-HT receptors in in­
vestigating overall 5-HT neurotransmission. Experi­
ments are presently under way in our laboratory to 
study eventual changes in the function of postsynaptic 
5-HT receptors mediating the effect of 5-HT in brain 
structures involved in OCD. 
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