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Sites Distinct from 5-HT, and S,
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Two different classes of binding sites probably related to serotonergic receptors have already been reported: S-HT, binding sites
recognize [*H]5-hydroxytryptamine with a high affinity (X, = 3 nM) and S, binding sites recognize [*H}spiropcridol and [*H]ketanse-
rine. An additional population of sites has been observed in crude membrane preparations or fractions enriched with synaptosomal
membrancs obtained from rat brain cortex. This popufation was observed as a single class of sites in a synaptosomat fraction (L frac-
tion — according to Laduron (1977)). 1t corresponded to a dissociation constant K, = 13-15nM, and B, = 0.80 .15 pmol/mg pro-
tein. Displacement experiments showed that it recognized preferentially the S-HT structure (bufotenin, 5-McO-tryptamine). Trypta-
mine was a weak displacer and 5,7-dihydroxytryptamine totally inefficicnt. Neither 8-OH-DPAT, nor quipazine had any cffect.

Mcthiothepin, cinanserin and cyproheptadine displaced 5-1IT from these sites whereas ergot derivatives did not, Contrary 1o 5.1,
binding, this recently obscrved binding was not altered by G'TP; «-MSH reduced the corresponding B, whereas Leu-enkephalin did
not. The degenerative lesion of the serotonergic fibers led to a slight increase in the B, of the binding without altering the K, which

means that corresponding sites are not located on scrotonergic fibers and might be postsynaptically located.

INTRODUCTION

Today our knowledge of cerebral serotonin recep-
tors in vertebrates is still incomplete and controver-
sial. Two different classes of binding sites have al-
ready been reported. The first one, called 5-HT| was
observed several years ago. It has a dissociation con-
stant of 3 nM59. Its existence has since been con-
firmed by numerous laboratories!5. A second binding
activity, called S,, was reported by Peroutka and
Snyder?” using [*H]spiroperidol as a ligand and by
Leysen and Laduron?s using [*H]ketanserine. This
second site binds serotonergic antagonists as well as
histaminergic and adrenergic antagonists with high
affinity, whereas S-hydroxytryptamine (5-HT) itself
has relatively low affinity for the site. However, cor-
relations between the abilities of drugs to inhibit
[*H]ketanserine binding and serotonergic behavior
suggest that S, is presumably related to a serotoner-

gic receptor system?5,

Recently, a new putative S-H'T agonist, 8-hydroxy-
2-(di-N,N-n-propylamino)tetralin  (8-OH-DPAT)
was reported by Golzan et al. !¢ to label pre- and post-
synaptic binding sitcs. Middlemiss®, however, did
not find any presynaptic effect for this drug. Pedigo
et al.¥ observed the existence of heterogenceities in
the displacement curves of [3H]5-HT by various
drugs; they suggested that subtypes (5-HT,A and
5-HT,B) of the S-HT, site corresponded to the phe-
nomenon.

In our laboratory!®, experimental evidence has
been presented which points to the existence of a sec-
ond class of binding sites for [3H]5-HT. This site has a
slightly lower affinity for 5-HT (K, = 13-15 nM)
than that corresponding to the S-HT, site. Similar
binding activity was also observed by Shih and
Youngi!, Scgawa ct al.*? and more recently by van
den Berg et al.#5. The hypothesis that it could repre-
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sent another conformational state of the 5-HT, site
has been put forward?3.

In this paper, experimental arguments show that
this binding site is distinct from the 5-HT, site and
suggest that it may represent a particular population
of binding sites possibly related to a serotonin recep-
tor system.

MATERIALS AND METHODS

Animals

Male Sprague—-Dawley rats (Iffa-Credo) (180-230
g) were housed in controlled conditions (22 °C; light
cycle 12 h alternated with darkness 12 h — food and
water availuble ad libitum). "They were kept tor at
least a week before any treatment began.

The selective lesion of the serotonergic neurons
was carried out on 14-day-old male rats by injecting
intracerebroventricularly  5,7-dihydroxytryptamine
(5,7-DHT) (0.5 seg/g of animal weight in a total vol-
ume of 3 ul of sterile physiological saline). The coor-
dinates of the tip of the cannula at the injection point
were: A =2.5mm, B =2.5mm, C = 3 mm from the
lambda point as described by Konig and Klippel2.
Control rats received physiological saline under simi-
lar experimental conditions. All rats received desme-
thylimipramine (25 mg/kg i.p.) 30 min prior to the in-
traventricular injection. The animals were sacrificed
6 days after the injection.

Preparation of the membranes

Crude membranes. These rats were sacrificed by
decapitation and the brains rapidly dissected out in
the cold (4 °C). Cortical tissue was rinsed with physi-
ological saline at 0 °C and homogenized in 20 vols.
(v/iw) of 5 mM Tris-HCI buffer (pH 7.4) containing
1 mM EDTA, 2 mM phenylmethylsulfonyl fluoride
(PMSF) and S units/liter aprotinine, using an Ultra-
turrax homogenizer. The homogenate was centri-
fuged at 20,000 g for 15 min and the resulting pellet
resuspended in the same buffer incubated at 37 °C
for 5 min and recentrifuged at 20,000 g for 15 min.
The resulting pellet was resuspended in 50 mM Tris-
HCI (pH 7.4) containing, 1 mM EDTA, 2 mM PMSF
and 5 units/liter aprotinin — to reach a concentra-
tion of 400-600 ug equivalent protein per ml. The
binding of [3H]5-HT was tested with 300 ul aliquots of
the suspension.

251
Subcellular fractionation

(a) Fraction enriched with synaptosomal membranes

The synaptosomal membranes were prepared
according to the method described by Cotman and
Matthews’. Briefly, brain tissue was homogenized in
a Potter Elvejhem apparatus with 30 vols. of 0.32 M
sucrose in 5 mM Tris-HCI buffer (pH 7.4) containing
| mM EDTA, 2 mM PMSF and 5 units/liter aprotin-
in and centrifuged at 600 g for 10 min to eliminate
cellular debris and nuclei; the resulting supernatant
was centrifuged at 20,000 g for 15 min. The resulting
pellet was resuspended in a small volume of the same
buffer, layered on a discontinuous density gradient
(Ficoll 7% and 13% dissolved in sucrose 10%) and
centrifuged at 63,000 g for 90 min at 2-4 °C.

Synaptosomes were collected at the interface of
the Ficoll layers and lyzed in 5 mM Tris-HCI pH 8.2
containing 1 mM EDTA, 2 mM PMSF and § units/lit-
er aprotinin (0-2 °C for 1 h). The lyzate was centri-
fuged (20,000 g for 20 min). The resulting pellet, re-
suspended in 50 mM Tris-HCl buffer containing
EDTA, PMSF and aprotinin, constituted the frac-
tion enriched with synaptosomal membranes.

(b) Synaptosomal L. and M fractions

These fractions were essentially obtained accord-
ing to Laduron’s description22. Briefly, brain tissue
was homogenized in 5 vols. of ice-cold 0.25 M su-
crose with a Teflon-glass homogenizer and the ho-
mogenate centrifuged at 600 g for 10 min. The pellet
was homogenized and centrifuged. The resulting su-
pernatant, added to the first supernatant was centri-
fuged at 10,000 g for 15 min and the resulting super-
natant resuspended and recentrifuged. The pellet ob-
tained from this centrifugation was the M fraction.
The supernatants from M fraction were pooled and
centrifuged at 20,000 g for 15 min and the resulting
pellet was the L fraction.

The whole process was conducted in the presence
of 2mM EDTA, 1 mM PMSF and 5 units/liter aproti-
nine.

Binding assays

.Membrane fractions were suspended in 50 mM
Tris-HCl buffer, pH 7.4, containing 1 mM PMSF and
5 units/liter aprotinin. Aliquots (300-500 ug protein
for crude membranes, 100-250 ug protein for subcel-

B

o R B < an e e




252

lular membrane fractions) were incubated at 37 °C
for 5 min and washed by centrifugation (20,000 g for
10 min). After resuspension in the same buffer, they
were incubated at 22 °C for 20 min in the presence of
increasing concentrations (generally 2—-40 nM) of tri-
tiated 5-hydroxytryptamine. Bound and free radio-
activities were separated by a rapid vacuum filtra-
tion technique as previously described® and similar to
that reported by Bennett and SnyderS. The reversible
binding was measured in the presence of an excess of
non-radioactive 5-HT (50 uM). A series of experi-
ments has been performed in the presence of 0.50 uM
non-radioactive 5-HT without qualitative changes.
The analysis of the binding curves was performed
by Scatchard representation and by a non-linear re-
gression analysis of the direct binding curve with a
computerized program developed by Vindimian et
al.6, This program was especially useful in the case
of a non-linear Scatchard representation of the
curve. In that case indeed, the binding corresponds
either to the existence of multiple classes of binding
types obeying the Clark equation or to a single pop-
ulation of sites obeying a Hill equation with a Hill
nH < 1 coefficient, characteristic of a cooperative
phenomenon. The limitations of the significance of
the Scatchard representation have been demon-
strated in the case of linear graphs corresponding to a
single class of sites!?-2, They are even more conspic-
uous in the case of non-linear graph. Thus, it is diffi-
cult to estimate the parameters of the binding with
precision from a non-linear Scatchard plot despite
the various methods proposed in the litteratures.4o,
Therefore, it scemed prefetable to complete this esti-
mation with that obtained from the computerized
program proposed by Vindimian et al.%. In a few
words, the program is based on a non-linear regres-
sion analysis of the experimental curve expressing B
as a F function. This makes it possible to compare the
experimental data to theoretical values calculated
from the equations of Clark®, Hill'* or Adair! which
mathematically express different types of interac-
tions between ligands and macromolecules. The
best-fit of theoretical values versus experimental
ones obtained for a given cquition determine the
correspording parameters of the interaction. In the
reported experiments, when only one site was con-
cerned, the binding parameters caiculated with the
Scatchard representation were not significantly dif-

ferent from those obtained from the computer pro-
gram; for clarity’s sake, the latter values have not
been illustrated.

Regional distribution of 5-HT binding sites in the pres-
ence of GTP

The binding of [3H]5-HT was measured in the pres-
ence of GTP (0.1 mM) in brain tissue homogenates
using concentrations of the tritiated amine ranging
from 1 to 40 nM.

It was determined in cortex, striatum, hippocam-
pus and raphe. The parameters of the binding were
calculated from the linear Scatchard plot of the corre-
sponding curves.

Solubilization of 5-HT binding sites

Membranes isolated from rat brain cortex were in-
cubated for 30 min at 4 °C in 50 mM Tris-HCI buffer
pH 7.4 containing 1 mM PMSF and 5 units/liter apro-
tinin and 1% sodium cholate. The incubate was cen-
trifuged at 120,000 g for 60 min and the resulting su-
pernatant used as solubilized material.

The binding of [*H]5-HT to the solubilized materi-
al was determined as usual except for proteins which
were precipitated with 50% (final concn.) ammonium
sulfate prior to the filtration step.

Protein measurements
Proteins were measured according to the method
described by Lowry et al .22,

Drugs

Drugs were obtained from commercial sources.

Tritiated 5-H'T was obtained from NEN. The spe-
cific radioactivity was 26.8 Ci/mmol. Thin-layer chro-
matography on silica gel using n-butanol 25, acetic
acid 4, water 10 was performed to test the purity of
the radioligand: the radioactivity migrated together
with 5-HT: contaminants represented a negligible
proportion of the activity (1-3%).

RESULTS

Binding of S-HT to cerebral tissue preparations

(a) Binding of [H|S-HT 1o synaptosomal mem-
branes prepared according to Cotman and Matthews?
Cortical membrane preparations were obtained as
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described in Materials and Methods. The incubation
of synaptosomal membranes in the presence of in-
creasing concentrations of {H]S-HT (from 1 to 35 nM)
yielded a binding curve illustrating the existence of
two ditferent classes of sites, The Scatchard graph of
the corresponding equation was curvilinear. The
non-linear regression analysis using the computer-
ized program# determined the best fit of the experi-
mental curves with that corresponding to a Clark
equation describing two classes of binding sites hav-
ing the following parameters: K, = 3 + 1.5 nM and
By = 0.11 % 0.09 pmol/mg prot. for a first popula-
tion of sites; and K; = 20 £ 5.6 nM and B, = 0.205
1 0.13 pmol/mg prot. for a second population of sites
(Fig. 1).

(b) Binding of [*H[5-HT to synaptosomal fractions L
and M prepared according to Laduron??

The M fraction was incubated in the same condi-
tions as in the previous paragraph. The binding ob-
served in the concentration range of [3H)S-HT (1-30
nM) pointed to the existence of a single class of sites
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corresponding to the high affinity binding observed
in the synaptosomal membranes.

The Scatchard representation of the binding curve
made it possible to determine the parameters of the
binding: K; = 4.5 £ 0.6 nM, B,,,, = 0.27 £ 0.04
pmol/mg prot.

The L fraction similarly treated also contained a
single population of sites as shown by the linear Scat-
chard representation of the binding curve. The ob-
tained parameters were: Ky = 17.8 + 3 oM, B =
0.86 + 0.14 pmol/mg protein (Fig. 3). The ratio spe-
cific to total binding at saturation was 35.92 + 0.88%
in M fraction and 31.5 + 2.50% in L fraction.

Regional distribution

The binding of [3H|S-HT measured in the presence
of GTP (0.1 mM) was determined in cerebral cortex,
hippocampus striatum and raphe area — in the rat
brain. Indeed, GTP very markedly decreases the
5-HT, binding without altering this second type of
binding (cf. Fig. 7).

The affinity constants measured in cortex, striatum

B/F x102

- B
.2 4

BOUND H-5-HT (pmol/ing)

Fig. 1. The binding of [*H]5-HT to synaptosomal membranes prepared from rat brain cortex according to the technique described by
Cotman and Matthews’. The binding assays were performed as described in Materials and Methods with 14 concentrations of [*H]5-
HT ranging from 2 to 35 nM. Each point is the mean of triplicate determinations. The experiment was reproduced 10 times with similar
results. In this experiment the estimation of the binding parameters by computerized non-linear regression analysis revealed the exist-
ence of two types of binding having the following parametets: K, =3.6 1M and B = 0.18 pmol/mg prot. and K4, =24.3n0M and
B = 0.295 pmol/mg prot. The Scatchard plot of the saturation curve expresses B/F (pmol/mg protein/nM) as a function of B

(pmol/mg protein).
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B/
x10

BOUND 3HS-HT (pmol/mg prot)

8 16 24 %2
SH-5-HT (aM)

Fig. 2. The binding of [*H]5-HT to M fraction prepared from
rat brain cortex according to Laduron?2, The binding assays
were performed as described in Materials and Mcthods with 12
concentrations of [*H]5-HT ranging from 2 to 25 nM. The ratio
specific to total binding was 35~40% at saturation. Each point
is the mean of triplicates. The bars express the standard devia-
tion. The experiment was reproduced 5 times with similar re-
sults (see text). The Scatchard plot of the binding curve ex-
presses the binding of {*H]5-HT in pmol/mg protcin in abscis-
sac and bound over free radioactivity in  ordinate
(pmol/mg/nM). The slope and the intercept with the abscissae
were caleulated by linear regression analysis. In that experi-
ment, parameters corresponding 1o the binding were Ky -

3.9nM, B_,, = 0.20 pmol/mg protein.

max

and hippocampus were very similar and slightly low-
er in raphe: the B,,,, values for cach area showed a
heterogencous  distribution with the highest level
in striatum, the lowest in raphe, the cortex and hip-

TABLLE 1
5-HT, binding 10 different brain regions in rat brain

‘The binding of ['1]S-111 (concentration range 140 nM) was
measured in the different brain areas using tissue homogenate
as described in Materials and Methods. GTP (0.1 mM) was
added § min before the ond of the incubation. The K, and B,
values were obtained from Scatchard plots of the saturation
curves. The latter curves were lincar.

Area K, (nM) B, (pmol/mg rat) n
Striatum IRS+ 1.9 1.42+0.13 3
Cortex 20,2 2 0.1 0.87 £ .03 3
Hippocampus 193121 0.58 + 0.02 3
Raphe 138402 0.25 1 0L08 3

BOUND H-5-HT (pmol/ng peat)
T tpmol

’

20 40 60
3HoS-HT (oM )

B/Fx102

)

2 4 6 B8
BOUND SH-5-HT (pmol/mg prot)

Fig. 3. The binding of [*H]S-HT to L {raction prepared from rat
brain cortex according to the technique described by Ladu-
ron22, The binding assays were performed as described in Ma-
terials and Methods with at least 12 concentrations of PHIS-HT
ranging from 2 to 65 nM. Each point is the mean of triplicates;
the bars express the standard deviation, The experiment was
reproduced 5 times with very similar results (see text). The
Scatchard plot of the binding curve madc it possible to deter-
minc the binding parameters; in this experiment K, = 16.9 nM
and B, = 0.720 pmol/mg protein,

max

pocampus corresponding to intermediate values
(Table 1).

Solubilization of the binding sites

The synaptosomal fraction prepared according to
Cotman and Matthews? was solubilized as described
in Materials and Methods. The binding of [*H]5-HT
to that preparation corresponded to the existence of
two binding populations as indicated by the curviline-
ar Scatchard representation: the non-linear regres-
sion analysis of the data made it possible to estimate
the parameters: K, = 2.58 £ 0.45 nM; K/ = 30.2
7.4 oM and B,,,, = 0.057 £ 0.024 pmol/mg prot..
By = 0.11 £ 0.04 pmol/mg prot. (n = 5) (Fig. 4).
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BOUND / FREE x 102

3

[5 —Hﬂ (nM)

1

T
10 20 30

0
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Fig. 4. The binding of {*H]S-HT to synaptosomal membranes from rat brain cortex solubilized with sodium cholate. The binding as-
says were performed as described in Materials and Methods with 12 concentrations of [*H]5-HT ranging from 2 to 30 nM. Each value
represents the mean of triplicates + 8.D. The experiment was reproduced 5 times. The Scatchard representation of the binding curve
is curvilinear. The computerized non-linear regression analysis of the binding curve reveals the existence of two populations of binding
sites having the following parameters: K, = 1.28 nM, By, = 0.03 pmol/mg prot. K, = 58 nM, Biux, = 0.25 pmol/mg prot.

The binding of [3H]S-HT (1-40 aM) to solubilized
L fractions and M fractions was determined by the
same procedure as that used for solubilized synapto-
somal membranes. Solubilized M fraction bound
[*H]5-HT to a single population of sites correspond-
ing to K4 = 2.6 + 0.2; B,,,, = 0.75 £ 0.05 pmol/mg
prot. (not shown) whereas solubilized the L fraction
bound the amine to a different population of sites
characterized by K; = 8-10nM, B, = 1.5 pmol/mg
prot. (Fig. 5).

Displacement experiments

Various drugs have been tested for their capacity
to interfere with the binding of [3H)S-HT in synapto-
somal L fraction. Membranes were incubated with
20 nM [3H]5-HT in the presence of increasing con-
centrations of the drug studied (14 concentrations
from 1 nM to 1 mM) and the binding of the amine de-
termined as usual.

Among serotonergic agonists, 5-HT itself was the
most efficient displacer of the tritiated amine. The to-

tality of the binding was inhibited at 10-6 M and
85-90% was already displaced at 10-6 M, a concen-
tration which is only 5 times higher than the concen-
tration of radioactive 5-HT.

Among 5-HT derivatives, 5-OH-DMT (bufotenin)
was from 5 to 8 times less efficient than 5-HT itself:
the methoxy derivative (5-MeOT) was almost equi-
potent with 5-HT whereas mono- and dimethylated
MeO-derivatives were 2 and 8 times less efficient re-
spectively; N-NOMT displaced [*H]5-HT with an
ICsy = 600 nM and tryptamine at 10 uM reduced the
binding by only 50%. Quipazine, 5,7-DHT and
8-OH-DPAT were totally unable to displace the
amine.

Among serotonergic antagonists, methiothepin
was the most efficient displacer, cyproheptadine and
cinanserin being 10 and 20 times less efficient, re-
spectively; ergot derivatives such as methysergide,
metergoline and LSD did not displace 5-HT from

 these sites. Unrelated substances did not show any
significant efficiency (Fig. 6) (Table II).
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5S4

3H.5-HT SPECIFIC BINDING (pmot/mgpret)
L)

10 20 30 40
SH-S~HT (aM)

B/F

104

.05+

Fig. 5. The binding of [3H]S-HT to solubilized L fraction pre-
pared from rat brain cortex according to Laduron2, The bind-
ing assays were performed as described in Materials and Meth-
ods with 10 concentrations of [VH]5-H'T ranging from 2 to 40 nM.
Each point is the mean of duplicates. The experiment was re-
produced twice. The Scatchard plot of the binding curve was
linear and corresponded to a single class of site having the fol-
lowing parameters: K, = 8.2 nM, B,,,, = 1.2 pmol/mg prot. It
expressed B/F (pmol/mg/nM) as a function of B (pmol/mg).

Effect of GTP

The effect of 5'-guanosine triphosphate (GTP) has
been determined on the binding of [*H]S-HT to L
fraction. The concentration used in these assays was
0.1 mM. No significant change of the 5-HT, binding
curve has been observed (Fig. 7a). In comparison,
GTP markedly inhibited the 5-HT, binding when
measured in the same conditions (Fig. 7b).

Effect of a-melatonin stimulating hormone {(a-MSH)
and Leu-enkephalin

The binding of [3H}5-HT measured in synaptosom-
al 1. fraction in the presence of a-MSH (0.1 M) is re-
duced when compared with the control; the B, di-
minishes without significant modification of the K,

(Fig. 8). On the contrary, Leu-enkephalin at the

same concentration does not change this binding (not

shown).

Binding of [*H]5-HT to synaptosomal membranes af-
ter degeneration of serotonergic neurons

The degeneration of serotonergic neurons was in-

duced in young rats by stereotaxic intraventricular

injection of 5,7-dihydroxytryptamine (5,7-DHT), a
neurotoxic drug acting upon serotonergic neurons

preferentially. Desmethylimipramine (25 mg/kg)
was injected i.p. 30 min prior to the administration of
5,7-DHT to protect the catecholaminergic neuronal

system from the effect of the neurotoxin. Under
these conditions, the serotonergic uptake measured
in synaptosomes prepared from the cerebral tissue of -

treated animals was reduced by 80% when compared

with that measured in parallel with control animals
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Fig. 6. The cffect of various compounds on the specific binding ‘
of ['H|5-HT to L fraction isolated from rat brain cortex. The L
fraction was prepared as described in Materials and Methods.
The specific binding of [*H]5-HT (55% of the total binding) was
determined at 20 nM in the presence of various concentrations
of cach tested compound: S-hydroxytryptamine (S-HT), 5-hy-
droxy-N N-dimethyltryptaminc  (bufotenin), S-mcthoxy-N- .
methyltryptamine (5-McO.N.MT), S-mcthoxytryptamine (5-
MecO. 1), N,N-dimethyltryptamine (N.N.DMT), S-methoxy-
N.N-dimethyltryptamine  (5-MeO.N.N.DMT), tryptamine
(Trypt.), methiothepin (Mctio.), cyproheptadine (cyproh.),
cinanserin (cinans, ), mianscrin (mians.), lysergic acid dicthyla-
mide (LSD). nil expresses the Hill coefficient: it was calew-
lated from the Hill plot of the inhibition curve.
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TABLE H

The effect of various drugs on the specific binding of [T{H)S-HT
(o synaptosomal L fraction isolated from rat brain cortex

The L fraction was prepared as described by Laduron?? and the
binding of [*H|S-HT was determined at 20 nM in the absence
(control) or presence of the tested compouid. The 10, was cal-
culated by the lincar regression analysis of logit-log inhibition
plot. Each value is the mean of (n) separate experiments.
When n = 2, the two 1Cgs did not differ by more than 20%.

Drug ICsy (nM) nH
Agonisty
S-HT 45 1.1 (o)
§-OH-N,N-DMT 220 0.71 (3)
5-MeO-tryptamine 40-80 0.97 (2)
5-MeO-N-MT 75 1.06 (2)
5-MeO-N,N-DMT 300 0.87 (2)
N,N-DMT 600 0.85 (3)
Tryptamine >100,000 0.57 (3)
Antagonists
Methiothepine 350 £ 120 0.92 (3)
Cinanserine 3000 + 280 0.68 (3)
Cyproheptadine 7500 £ 650 0.51 (3)
Mianserin 60,000 0.59 (2)
LSD >100,000 (3)
Metergoline > 100,000 3)
Methysergide > 100,000 3)
Spiroperidol > 100,000 3)
Compounds not related 10 5-HT
Haloperidol > 100,000 (2)
Chlorimipramine >100,000 (3)
Naloxone >100,000 (2)
Phenoxybenzamine > 100,000 2)
L ]
B/Fx10°

251

% GTP

o CONTROL

257

B/F*109

0 .2 A .6 8
BOUND JH-5-HT (pmel/mg pret )

Fig. 8. The effect of a-melatonin stimulating hormone. The
binding of [PH]S-HT to synaptosomal L. fraction was deter-
mined as described in Materials and Methods, The binding as-
says were performed in the absence (control) or in the presence
of 0.1 uM a-MSH. In these experiments, the incubation medi-
um was that described in Materials and Methods; moreover,
bestatine (1 4M) was added as protease inhibitor. Controls per-
formed in the presence of bestatine were not significantly mod-
ified. In this experiment, the parameters of the binding of
[*H]5-HT were as follows: K, = 16.3 aM B,,,, = 0.84 pmol/mg
protein for the control; K, = 15.1 sM and B, = 0.62 pmol/mg
protein for the a-MSH-treated membranes. The experiment
was reproduced three times. The Scatchard plot of the satu-
ration curve expresses B/F (pmol/mg prot./nM) as a function of
B (pmoVmg/protein).

CONTROL

T
.2 .4 .6 .8

BOUND SH-S-HT (pmol/ mg prot.

0 a 2 3

BOUND 3H-5-HT (pmol /mq prot.)

Fig. 7. a: the effect of 5'-guanosine triphosphate (GTP) on the binding of [*H]S-HT to synaptosomal L fraction isolated from rat brain
cortex. The L fraction was prepared according to Laduron®. The binding assays were performed in the absence (control) or in the
presence of GTP (0.1 mM) as described in Materials and Methods. In this experiment, the binding parameters were K;=13.6nM and
B, = 0.820 pmol/mg prot. for the control curve. These parameters were not significantly madified in the presence of GTP (n = 3).
GTP was added to the incubation medium S min before the end of the incubation duration. b: the M fraction was tested under the same
experimental conditions. Control corresponded to K, = 3.6 nM and B,,,, = 0.21 pmol/mg protein. In the presence of GTP (0.1 mM)

K,=3.7nM and B, = 0.036 pmol/mg protein.
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receiving NaCl by a stereotaxic injection. The con-
siderable decrease of the 5-HT uptake was regarded
as an indication of the occurrence of the degenera-
tion of serotonergic fibers.

The binding of [3H]5-HT determined in crude
membrane fraction prepared from treated animais
was measured in the presence of GTP since the nu-
cleotide reduced the binding of [3H]S-HT at the
5-HT, site very markedly!42?7, whereas it did not
modify that corresponding to the lower affinity bind-
ing. Under these conditions, the degeneration of se-
rotonergic fibers by 5,7-DHT did not reduce the
binding activity when compared with the control; on
the contrary, it increased it slightly (15-30%) with-
out modification of the corresponding dissociation
constant (Fig. 9).

CORTEX

57 DHT
(K= 13aM)
CONTROL
(Kky= MaM)

0 T T
5 3 !
BOUND "H-5HT (pmol / mq pret.)

Fig. 9. The binding of [*H]S-HT to rat brain cortex homogen-
ate following 5.7-DIT lesion. Fourteen-day-old rits received
5,7-DHT (0.5 mg/kg) intraventricularly; control rats received
the same volume of saline solution. Six days after the injection,
the animals were sacrificed and their cerebral cortex dissected
out and homogenized with an Ultra-Turrax (20,000 rpm for 2
min) at 2-4 °C. The homogenates were incubated at 37 °C for
S min and washed by centrifugation (20,000 g for 10 min) and
resuspended in 40 vols. of Tris-HCl buffer S0 mM, pH 7.4, The
binding assays of ['HIS-TFT were performed with 1214 con-
centrations of [PH|5-HT ranging from 2 to 40 nM in the pres-
ence of GTP (0.1 mM). The Scatchard plot of the binding
curves corresponds o the following parameters: for control
rats K, = 11 nM and B, = 0.7; and for treated animats K, =
13 oM and B, = 1.20 pmolimg protein. It expresses B/F
(pmol/mg prot./nM) as a function of B (pmol/mg prot.).

DISCUSSION

Several types of 5-HT receptors seem to be present
in cerebral tissue; some of them being coupled with
adenylate cyclase!1.24.34 and other types possibly un-
related to the enzyme activity!7-44. Several bits of ex-
perimental evidence also suggest the multiplicity of
sites which are able to recognize the 5-HT struc-
ture10.31,324243.45 For the present, the existence of
two main types of sites has been established: 5-HT,
having a high affinity for 5-HT (see a review by Fil-
lion!4) and S, which recognizes spiroperidol and ke-
tanserin?5. The results submitted in this paper put
forward the existence of a new class of sites which are
able to recognize the 5-HT structure with a high af-
finity.

The binding of [3H]5-HT measured in crude mem-
brane preparations or in fractions enriched with syn-
aptosomal membranes obtained according to the
technique of Cotman and Matthews’ corresponds to
complex binding curves. Their representation by a
Scatchard plot is not linear but upward concave.
Their analysis by non-linear regression calculations*
shows that thc binding curve fits optimally with the
equation expressing the existence of two populations
of sites obeying a Clark equation corresponding to
the dissociation constants: K; = 3 nM and K, close to
15 nM, respectively. The first constant is similar to
that of the 5-HT), sites, the second one corresponds to
that previously reported by some authors!0424345 1t
is apparently distinct from that described by Monroc
and Smith™ in rat spinal cord tissuc corresponding to
a dissociation constant K, = 57.8 nM, and unob-
served in cortex by these authors. The ratio of specif-
ic to total binding at saturation incrcases from 25% in
crude membranes to 30-40% in the fraction enriched
with synaptic membranes and favors the hypothesis
that the two sites which are present in that synapto-
somal fraction are related to neuronal elements.

The technique described by Laduron?? separates
the L and M subfractions contained in the synapto-
somal membrane fraction. The measurement of the
binding of [*H]5-HT in these fractions illustrates the
separation of the two binding types: the M fraction
actually contains a single population of sites obeying
the Clark equation: this is strongly supported by the
conclusions drawn from the non-lincar regression
analysis of the direct binding curve and also by the
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linearity of the Scatchard plot of the curve. The par-
ameters calculated by computer-assisted analysis are
K, = 4.9 nM and B, = 0.29 pmol/mg protein; they
are very similar to those obtiined from Scatchard
plot (K, = 4.5 nM, B, = 0.27 pmol/mg protein).
The two analyses show that M fraction contains a sin-
gle class of sites which merely represents the 5-HT,
population.

The 1. fraction isolated in parallel with the M ([rac-
tion binds [*H]5-HT according to a Clark equation
and a linear Scatchard plot; the binding parameters
of the single class of sites observed in L fraction are
K;=17.8nM, B, = 0.82 pmol/mg protein. The dis-
sociation constant is very similar to one of those ob-
served in synaptosomal fractions and approximately
corresponds to it. N and P fractions obtained in paral-
lel with Laduron’s technique?? represent the rest of
the subfractions which constitute the initial homo-
genate; the N fraction does not bind [3H]5-HT
whereas the P fraction contains a slight percentage of
a binding which has an affinity constant K; = 12 nM
and is insensitive to GTP (results not shown). The
latter binding in the P fraction presumably corre-
sponds to a contamination by the L fraction.

Therefore, these results show that the two types of
binding observed in synaptosomal fractions are sepa-
rable and can be resolved as two distinct populations
of sites characteristic of L and M fractions, respec-
tively.

Other authors>:33 previously used the subcellular
fractionation technique described by Laduron et
al.22, They did not report the existence of different

sites; a possible explanation for this discrepancy is

that their experiments were performed using a single
concentration of [3H]5-HT which did not permit the
determination of the parameters of the binding and
to distinguish different classes of sites.

It should also be noted that the homogenization
step in the present assays seems crucial; it requires a
low speed and a small clearance of the pestle with re-
gard to the homogenizer. The non-observance of
these conditions leads to a poor subcellular separa-
tion, the two sites being then mostly in L and P frac-
tions.

Provisionally and to facilitate the discussion, it has
been suggested to call the second population of syn-
aptosomal sites ‘5-HT;’. Indeed, this site recognizes
[3H]5-HT with a high affinity and is presumably dis-
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tinct from the S5-HF site. It can neither be called
5-HT, for it could be mistaken for the S, site, nor S,
site as S type sites do not recognize S-HT with a high
affinity, ¢.g. 8, binds spiroperidol or ketanserinde. s,
The duality of the binding of [3H]5-HT is also found
in solubilized membrane preparations, i.e. deter-
gent-solubilized synaptosomal membrane fraction
binds the amine with two dissociation constants (K,
=258 £ 0.45 nM; K'; = 30.2 + 7.4 nM). This result
agrees with the findings of Van der Berg et al.#
which demonstrate the existence of two distinct bind-
ings in solubilized crude membrane prepared from
bovine cerebral cortex with two dissociation con-
stants: Ky, = = 1.3nM and K;, = 22 nM. Interesting-
ly enough, the two types of bindings are separated in
the solubilized M fraction (K, = 2.5 nM) and L frac-
tion (K, = 8-10 nM). The solubilization of the mem-
branes induces a considerable environmental change
of the binding site and may explain the slight altera-
tion in the dissociation constant observed in solubili-
zate. Despite this drastic change in phospholipid en-
vironment, the duality of the binding is maintained
supporting the hypothesis that 5-HT, and 5-HTj sites
are related to different entities. -

The chromatographic analysis of the solubilized
protein responsible for the two affinities will answer
more definitely to that question. At present, experi-
ments are being undertaken to study this particular
point.

- Displacement experiments have been performed
in conditions which made it possible to interpret the
results optimally as they have been carried out with
the L fraction which: contains the 5-HT; site as a sin-
gle population of binding sites for [3H]5-HT. Under
these conditions the displacing effects of the different
compounds which have been studied indeed only
concern the 5-HT; sites; 5-HT, binding does not in-
terfere with the results as it would in a crude mem-
brane fraction. The serotonergic structure appears
necessary to displace the binding of [H]S-HT to
these sites since S-hydroxy- and 5-methoxy-deriva-
tives can inhibit the binding of the amine. It is inter-
esting to note that unsubstituted or mono-methylated
amino-derivatives displace the amine with a Hill co-
efficient close to unity whereas di-methylated com-
pounds, either substituted in the S-position (5-OH-N,
N-DMT and 5-MeO-N,N-DMT) or not (N,N-DMT),
are less efficient and correspond to a Hill coefficient
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close to 0.7-0.8. This may indicate that 5-hydroxy-
or 5-methoxy-amines, are able to inhibit the binding
of [3H]5-HT to the 5-HT; site in a competitive way
whereas dimethyl compounds act differently. Among
other agonists, 8-OH-DPAT does not seem to play
any significant role at the 5-HT), site and therefore
possibly represents a specific marker of the 5-HT,
site!s, Golzan et al.!6 suggested that 8-OH-DPAT
could also label the autoreceptor. On the other hand,
quipazine, which was supposed to label the autore-
ceptor sites too?® does not affect the 5-HT; site. From
these observations it is inferred that the 5-HT; site
may not be related to the autoreceptor. The seroto-
nergic nature of the site is indicated by the fact that
methiothepin totally inhibits the binding of 5-HT at
concentrations which are 10-13 times higher than
that which produce the same effect at 5-HT; sites;
moreover, cyproheptadine and cinanserin are effec-
tive at higher concentrations similar to those which
act upon the 5-HT, site. On the contrary, ergot deriv-
atives which constitute a particular class of anti-sero-
tonergic drugs are totally inefficient. This result
tends to show that the 5-HTj site is not involved in the
cffect of hallucinogenic drugs. The latter compounds
most likely interact with the binding of 5-HT at the
5-HT, sites.10,

The lack of effect of spiroperidol and ergot deriva-
tives clearly confirms that the 5-HT), site is distinct
from the S, site since the latter recognizes spiroperi-
dol as well as ergot derivatives with nanomolar affini-
ty. The S-HT; site is not even related to the uptake
system since fluoxetine, an efficient blocker of the
5-HT uptake, does not modify the binding of 5-HT at
the 5-HT; site.

Since GTP was shown to inhibit the binding of
5-HT to 5-HT, sites!2.27.36_ it seemed interesting to
examine the effect of the nucleotides on the binding
to the S-HT, sites. First of all, it was confirmed that
under the experimental conditions GTP decreased
the binding of [3H]5-HT to 5-HT, sites. This effect
was shown on the M fraction which merely contains the
5-HT, sites: GTP at 0.1 mM reduces the B, of the
observed binding by 75%. It should be noted that
G'TP is added shortly before the end of the incubation
period to avoid its degradation. Under the same ex-
perimental conditions, GTP does not induce any sig-

nificant change at the 5-HT, site. Thercfore, the
binding of 5-HT at the 5-HT), site appcars different

from that at the 5-HT; site; moreover, this lack of ef-
fect of GTP may indicate that the 5-HT; site is pre-
sumably unrelated to an adenylate cyclase system
sensitive to 5-HT; generally, the binding of the hor-
mone to a site which is related to the enzyme activity
is actually considerably altered by GTP%.

It has been demonstrated that the binding of [*H]5-
HT is slightly modified by substance P45 and more re-
cently, Rostene et al.4t have shown that VIP very
markedly increases the binding of [3H]}5-HT to 5-HT;
sites specifically, in the dorsal hippocampus. In the
presence of bestatine which does not modify control
values, a-MSH reduces the binding of [3H]5-HT to 5-
HT, sites in the cortex. This effect has as yet not been
observed with Leu-enkephalin, which, on the con-
trary, reduces the binding at the 5-HT site??, This ef-
fect suggests a possible interaction of a-MSH at the
5-HT, site. Although a certain selectivity of the a-
MSH towards the 5-HT; binding represents an inter-
esting phenomenon, experiments will have to be sub-
stantially completed, in other areas of the brain par-
ticularly, to succeed in relating this effect to any
physiological significance. Anyhow, this present ob-
servation shows that the various peptides which pos-
sibly interact with the cerebral serotonergic system,
may act through processes which implicate different
serotonergic sites.

Under conditions which induce the degeneration
of the serotonergic fibers as the dramatic decrease in
the 5-HT uptake capacity of the tissue may show, the
binding of 5-HT at the 5-HT; site does not decrease,
but increases slightly. As a consequence, it is most
unlikely that the 5-HT; site will appear to be respon-
sible for the 5-HT uptake or to be located in seroto-
nergic neurons. Thus, it could be a non-neuronal el-
ement, possibly glial or a non-serotonergic neuronal
constituent. The first hypothesis is improbable for
ghial cell primary cultures do not bind 5-HT with that
affinity (Beaudoin and Netter, unpublished experi-
ments). The second hypothesis may point to a post-
synaptic location of the site. More work is needed to
elucidate this particular point. In conclusion, the
S-HT, binding site presents interesting features: it
recognizes [MH]S-HTT with a high affinity, and is satu-
rable thus expressing the existence of a limited num-
ber of sites. This number is different with regard to
the area of the brain which is considered. The 5-HT,
site, solubilized by detergent, seems to correspond to
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a protein structure distinet from that representing the
5-HT, site.

Competitive studies show that the §-HT, site spe-
citically binds the S-1TT structure as well as that of
some anti-serotonergic drugs. However, the fact that
ergot derivatives are not recognized indicates that it
is distinct from other known serotonergic sites. Inter-
estingly enough, a-MSH interacts with the binding of
[PH]S-1TT; investigations will have o be done to as-
certain the physiological implications this effect may
have. Serotonergic neurons are likely involved in the
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