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The affinities of several 5-hydroxy-indole derivatives for serotonin-1 (5-HT1) binding site subtypes, labeled with 2 nM 
[3H]5-HT, were assessed by quantitative autoradiography on rat brain sections. The results obtained with known ligands, namely 
5-hydroxytryptamine (5-HT), 5-methoxytryptamine (5-Me-OT), 5-methoxy-N,N-dimethyl-tryptamine (5-Me-ODMT), 5-hydroxy- 
N,N-dimethyl-tryptamine (bufotenine) and 8-hydroxy-2-[di-N-propylamino]tetralin (8-OH-DPAT) demonstrate the reliability and 
the advantages of this technique for pharmacological studies. Novel serotonin derivatives were synthesized by carboxymethylation 
of the hydroxyl group. One of those new ligands, serotonin-O-carboxy-methyl-glycyl-tyrosinamide (S-CM-GTNH2) , inhibited 2 
nM [3H]5-HT binding to the substantia nigra with an IC50 of 22.4 nM, a value which is 22 times lower than that found in the 
dentate gyrus and choro'id plexus. This demonstrates the preferential affinity of S-CM-GTNH 2 for 5-HT1B versus 5-HT1A and 
5-HTlc binding sites. S-CM-GTNH 2 contains a tyrosine residue, which may be useful for the synthesis of a radioactive iodinated 
molecule and for the preparation of 'long-lasting ligands' linked through peptide bonds with a protein. These derivatives could be 
of great interest for ultrastructural and behavioral studies relevant to 5-HTaB sites. 

Quantitative autoradiography; Indole derivatives; 5-HT 1 binding sites; (Rat) 

1. Introduction 

It is known since the work of Fuxe (1965) that the 
majority of serotonergic (5-HT) neuronal cell bodies are 
clustered in the raphe nuclei and that the processes of 
these neurons are highly branched. The 5-HT neurons 
of the raphe innervate all brain structures. The propor- 
tion of axon terminals involved in synapse formation 
varies with the particular location, but can be quite low 
(Beaudet and Descarries, 1978). This wide axon termi- 
nal distribution, associated with the non-synaptic liber- 
ation of 5-HT, means that neuromodulation can be 
exerted over widespread cerebral areas, with the 
specificity of the effect depending on the type of recep- 
tor involved. 

Four main types of central nervous system 5-HT 
binding sites have been distinguished (Schmidt and 
Peroutka, 1989), i.e. the 5-HT 1, 5-HT2, 5-HT 3 and 5-HT 4 
(Dumuis et al., 1988) sites. The high-affinity binding 
site for serotonin (5-HT1) consists, in fact, of four 
subtypes: 5-HTIA and 5-HTIB sites were demonstrated 
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on the basis of their different affinities for spiperone 
and 8-hydroxy-2-[di-N-propylamino]tetralin (8-OH- 
DPAT) (Pedigo et al., 1981; Middlemiss and Fozard, 
1983); 5-HTlc sites, found primarily in the choroid 
plexus and characterized by high affinity for mesuler- 
gine (Pazos et al., 1984; Pazos and Palacios, 1985), and, 
finally, 5-HT1D sites, which seem to take the place of 
5-HT1B sites which do not exist in guinea pig, cattle or 
man (Heuring and Peroutka, 1987; Hoyer et al., 1988; 
Hoyer and Middlemiss, 1989). Quantitative autoradi- 
ography, which combines great sensitivity with a high 
degree of spatial resolution, has provided evidence for a 
differential regional distribution of the subtypes of the 
5-HT 1 sites (Pazos and Palacios, 1985). The 5-HT 1 bind- 
ing site subtypes seem to exert different functions at 
both cellular and behavioral levels (Kennett et al., 1987; 
Hamon et al., 1988; Peroutka, 1988; King et al., 1989; 
Schoeffter and Hoyer, 1989). However, the delineation 
of the respective roles of the 5-HT1B and 5-HTID sites is 
difficult in view of the low specificity and /o r  the weak 
affinity of the existing ligands. 

Using quantitative autoradiography, we initiated a 
study on the affinity of 5-HT1A and 5-HTIB binding 
sites for several, commercially available, indolic ligands 
including 5-hydroxyt ryptamine  (5-HT), 5-meth- 
oxytryptamine (5-Me-OT), 5-methoxy-N,N-dimethyl- 
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tryptamine (5-Me-ODMT), 5-hydroxy-N,N-dimethyl- 
tryptamine (bufotenine), as well as for 8-OH-DPAT, 
which was used as reference standard for the characteri- 
zation of the 5 - H T 1 A  binding sites. We then used the 
same method to screen new 5-HT derivatives obtained 
by carboxymethylation of the hydroxyl group and to 
compare their affinities for 5-HT~ binding sites with 
those of previously tested indolic ligands. 

2. Materials and methods 

2.1. Quantitative autoradiography 

Adult male Sprague-Dawley rats (200-300 g body 
weight) were decapi ta ted under  ch lora lhydra te  
anesthesia (0.12 ml of a 35% solution per 100 g i.p.). 
The brains were rapidly extracted from the skull and 
frozen by immersion in isopentane refrigerated with 
liquid nitrogen. Coronal brain sections (20 /~m thick), 
obtained with a cryostat at - 20 ° C, were thaw-mounted 
on gelatin-coated slides and stored at - 2 0 ° C  until 
used. Sections were preincubated for 1 h at 4 ° C  in 
Krebs solution (mM: 118 NaCI; 4.8 KC1; 1.2 CaC12; 1.2 
MgC12; 15 Tris; pH 7.40) to eliminate endogenous 
ligands. Incubations were carried out for 45 min at 
20 °C in Krebs solution to which were added pargyline 
(final concentration 10 #M), ascorbic acid (final con- 
centration 0.57 mM) and [3H]5-HT (final concentration 
2 nM) in order to determine the total binding (TB) to 
5-HT 1 sites (Segu et al., 1986). Non-specific binding 
(NSB) was determined with 10 /~M 5-HT. Binding 
of the radioligand was inhibited with 15 increasing 
concentrations of 10 non-radioactive competitors: 5- 
HT, 5-Me-OT, 5-Me-ODMT, bufotenine, serotonin- 
O-carboxy-methyl-free acid (S-CMOH), serotonin- 
O-carboxy-methyl-amide (S-CMNH2),  bufotenine- 
CMOH, bufotenine-CMNH2, serotonin-O-carboxy- 
methyl-glycyl-tyrosinamide (S-CM-GTNH2),  seroto- 
n in-O-carboxy-methyl - tyrosyl -g lyc inamide  (S-CM- 

TGNH2) ,  which are 5-hydroxy-indole derivatives (table 
1), and 8-OH-DPAT, which was used as reference to 
characterize 5-HT1A binding sites. Inhibition of 2 nM 
[3H]5-HT binding by S-CM-GTNH 2 was carried out in 
the presence of 100 nM 8-OH-DPAT and 100 nM 
mesulergine, which mask the labeling of 5-HTIA and 
5-HTlc sites, respectively. After incubation, the sections 
were rinsed (3 × 20 s) in cold distilled water and dried 
under a stream of warm air. 

Two methods were used to measure bound radioac- 
tivity: two sections per trial were dissolved in 0.3 ml of 
soluen (NCS, Amersham) and radioactivity was mea- 
sured with a liquid scintillation counter; alternate sec- 
tions were apposed in the dark to a tritium-sensitive 
film (LKB Ultrofilm) for two months, in the presence of 
tritium standard strips ([3H]Microscale 1.3-33 nC i /mg  
tissue, Amersham). Films were then developed for 6 
min with D19 (Kodak), rinsed and fixed for twenty min 
in AL4 (Kodak). Quantitative analysis of the autoradio- 
grams was carried out for the different anatomical 
structures with a computer device for image analysis 
(BIOLAB, Macintosh II; Segu et al., 1990). The method 
makes possible the transformation of different intensi- 
ties of grey into fmol of labeled molecule /mg of tissue- 
equivalent. Inhibition of 2 nM [3H]5-HT binding is 
expressed as the ratio between the specific binding 
(SB = TB - NSB) obtained for a given concentration of 
ligand and the specific binding obtained without com- 
petitor. Values were obtained for sections coming from 
six animals processed in two separate experimental series 
for each ligand, and 15 anatomical structures (Paxinos 
and Watson, 1986) were analyzed in the whole brain. 
All the sigmoid inhibition curves were fitted as mono- 
phasic curves with a computer program (Cigale) even if 
they were apparently biphasic, so that we obtained only 
one ICs0 value for each anatomical structure, this value 
being related to the 5-HT1A/5-HTIB density ratios in 
mixed structures. The ICs0 values (Weiland and 
Molinoff, 1981) were calculated with the equations of 
the fitted curves, and the mean ICs0 was calculated 

TABLE 1 

Structural formulas of 5-hydroxy-indole derivatives. 
R ~ R 2 N - C H 2 - C H a - ~ O -  R 3 <C 'i. jJ 

Serotonin S-CMOH S-CMNH 2 
(5-HT,S) 

B u f o t e n i n e  B u f o t e n i n e -  

C M O H  

Bufotenine- S-CM- S-CM- 
C M N H  2 GTNH 2 T G N H  2 

R 1 = R 2 H H H 

R 3 H C H 2 - C O O H  CH 2 - C O N H  2 

CH 3 CH 3 CH 3 

H CH 2 - C O O H  C H 2 - C O N H  2 

H H 

CH 2 -CO-  
NH glycyl- 
tyrosinamide 

C H 2 - C O -  
NH tyrosyl- 
glycinamide 



specifically for each of the seven characteristic anatomi- 
cal structures of the mesencephalon. Student's t-test was 
used to compare mean IC50 values obtained with the 
different ligands. Comparison of the efficacy of ligands 
was done by linear regression analysis between log IC50 
values calculated for the seven regions. The [3H]5-HT 
binding values resulting from inhibition by S-CM- 
GTNH 2 in the presence of 100 nM 8-OH-DPAT and 
mesulergine were analyzed by using the Hill plot to 
obtain IC50 and Hill coefficient (nil) values. 

2.2. Chemicals 

[3H]5-HT (26-30 Ci/mmol of specific activity) came 
from New England Nuclear, U.S.A.; 5-HT creatinine 
sulfate, 5-Me-OT, 5-Me-ODMT, bufotenine mono- 
oxalate hydrate, (N-Methyl-N-benzyl-2-propynylamine) 
hydrochloride (pargyline), Trizma Base and Trizrna HC1 
were obtained from Sigma, U.S.A.; 8-OH-DPAT HBr 
came from R.B.I., U.S.A., and all other chemicals were 
purchased from Prolabo, France. Other 5-OH-indoles 
used in this work were synthesized in our laboratory 
(Segu et al., submitted). Briefly, the amino group of 
5-HT was protected by diterbutyldicarbonate (BOC). In 
a first step, carboxymethylation of the hydroxyl group 
of BOC-5-HT or of bufotenine was carried out with 
bromoacetic acid at alkaline pH. When the amino group 
was unmasked by removing the BOC with trifluoro- 
acetic acid, we obtained S-CMOH or bufotenine- 
CMOH, respectively. When the carboxyl group of 
carboxymethylated BOC-5-HT or bufotenine was con- 
verted into the amido derivative and the amino group 
unmasked, we obtained S-CMNH 2 and bufotenine- 
CMNH 2. Finally, activation of the carboxyl group of 
carboxymethylated BOC-5-HT by ethylchloroformate 
allowed an amide bond to be made with glycyl-L-tyro- 
sinamide (GTNH2). After unmasking of the amino 
group, we obtained either S-CM-GTNH 2 or S-CM- 
TGNH 2 if TGNH 2 was used instead of GTNH 2 (table 
1). 

3. Results 

3.1. Liquid scintillation counting 

[3H]5-HT binding inhibition curves established by 
liquid scintillation counting on whole coronal rat brain 
sections were fitted as monophasic. On the basis of the 
IC50 values calculated from these curves, ligands were 
classified as follows, in decreasing order of affinity for 
total 5-HT 1 sites: 5-HT (1.4 nM)> 5-Me-OT (19.6 nM) 
> bufotenine (39.5 nM) >/5-Me-ODMT (67.8 nM) >1 S- 
CM-GTNH 2 (75 nM)= S-CM-TGNH 2 (82 nM) > S- 
CMNH 2 (1 000 nM) >1 bufotenine-CMNH 2 (2 300 nM) 
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> 8-OH-DPAT (12 000 nM)> S-CMOH (27 000 nM) > 
bufotenine-CMOH (43 000 nM). 

3.2. Autoradiography 

The regional distribution of specific [3H]5-HT bind- 
ing to 5-HT 1 receptors was identical in all brains studied. 
Under our experimental conditions, we found the 
highest density of 5-HT1 sites in the choro'id plexus and 
dorsal raphe. Very high densities were found in the 
dentate gyrus, dorsal subiculum and substantia nigra. 
The globus pallidus, lateral septum, the hippocampal 
CA 1 area and ventral subiculum had a high density; 
superficial gray layers of the superior colliculus, central 
gray, caudate nucleus, as well as anterior, visual and 
entorhinal cortex had a density four times lower than 
that of the choroid plexus (figs. 1A, B). NSB was 10% of 
the total binding. 

In all the anatomical structures studied, the binding 
of 2 nM [3H]5-HT was entirely inhibited by low con- 
centrations of 5-HT (4 × 10 -8 M), higher concentra- 
tions of 5-Me-OT (10 -6 M) and very high concentra- 
tions of S-CMNH2, S-CMOH, bufotenine-CMNH 2 and 
bufotenine-CMOH (>/10 -5 M). 

The characteristics of the inhibition of [3H]5-HT 
binding by the other competitors were not the same in 
all structures. In the dentate gyrus, hippocampal CA a 
area and dorsal raphe, radioligand binding was largely 
inhibited by low concentrations of 8-OH-DPAT (10 -7 
M), higher concentrations of bufotenine and 5-Me- 
ODMT (10 -6 M) and very high concentrations of S- 
CM-GTNH 2 (> 10 -5 M). In contrast, in the globus 
pallidus, caudate nucleus, dorsal subiculum, substantia 
nigra, central gray, superficial gray layers of the super- 
ior colliculus, anterior cortex, visual cortex, entorhinal 
cortex, thalamus and hypothalamus, only very high 
concentrations of 8-OH-DPAT (> 10-4 M), relatively 
high concentrations of bufotenine and 5-Me-ODMT 
(10 -3 M) and lower concentrations of S-CM-GTNH 2 
(10 -6 M) inhibited [3H]5-HT binding completely (fig. 
1). 

3.3. Quantitative analysis 
Quantification of autoradiograms obtained after in- 

cubation of the sections with increasing concentrations 
of cold ligands allowed the construction of 2 nM [3H]5- 
HT binding inhibition plots (fig. 2). The mean interindi- 
vidual variability was 20%. 

Ligands were subdivided into three groups according 
to their efficiency (table 2). 

(1) For 5-HT and 5-Me-OT, the ICs0 values were 
nearly the same in all the anatomical regions tested, but 
these values were 10 times higher with 5-Me-OT, except 
in the choroid plexus, than with 5-HT. Similar results 
were obtained with S-CMNH 2, S-CMOH, bufotenine- 
CMNH 2 and bufotenine-CMOH, but the ICs0 values 
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were  m u c h  h ighe r  ( > / 1 0  -6  M).  T h e  las t  f o u r  l i gands  
wil l  n o t  be  t aken  in to  a c c o u n t  in the  s u b s e q u e n t  ana ly -  
sis b e c a u s e  o f  the i r  qu i t e  l ow a f f in i ty  fo r  all  5 - H T  1 
sub types .  

(2) A s  e x p e c t e d ,  IC50 va lues  for  the  i n h i b i t i o n  o f  
[ 3 H ] 5 - H T  b i n d i n g  by  8 - O H - D P A T  were  s ign i f i can t ly  
d i f f e r e n t  in t he  15 i n d i v i d u a l  r eg ions  s tudied .  T h e  s t ruc-  
tures  c a n  be  c lass i f ied  in the  o r d e r  of  i nc rea s ing  IC50 

A 

C 

B 

D 

G 

F: 

H 

,J 

Fig. 1. Autoradiograms of mesencephalic (A and C-H) and anterior (B, I, J) brain sections. (A-B) Total binding of 2 nM [3H]5-HT to 5-HT 1 sites at 
the mesencephalic (A) and anterior (B) levels. Labeled anatomical structures are the hippocampus (particularly dentate gyrus (DG) and CA 1 area), 
substantia nigra (SN), dorsal subiculum (DS), superficial gray layers of the superior colliculus (SGL), caudate-putamen (C-Pu), globus pallidus 
(GP) and choroid plexus (Px). (C-J) Inhibition of 2 nM [3H]5-HT binding by 4×10 -9 M 5-HT (C) and 5-Me-OT (D), and by 10 -7 M 
5-Me-ODMT (E), bufotenine (F), 8-OH-DPAT (G,I) and S-CM-GTNH 2 (H,J). 5-HT and 5-Me-OT inhibited the binding of [3H]5-HT with the 
same affinity for all anatomical structures; 5-HT affinities were slightly higher than those of 5-Me-OT. 5-Me-ODMT, bufotenine and 8-OH-DPAT 
inhibited the binding to SN sites at a higher concentration than at hippocampal sites and the opposite effect was found with S-CM-GTNH 2. 
[3H]5-HT, 2 nM, binding in the caudate-putamen and globus pallidus was inhibited by S-CM-GTNH 2 but not by 8-OH-DPAT. Radioligand 

binding to the choroid plexus (Px) was not affected by 10  - 7  M 8-OH-DPAT o r  10  - 7  M S-CM-GTNH 2. 
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Fig. 2. Inhibition curves of 2 nM [3H]5-HT binding with 8-OH-DPAT 
and S-CM-GTNH 2 in the rat dentate gyrus and substantia nigra. The 
percent of specific binding (% SB) was plotted versus the log of the 
inhibitor concentration (log [I]). The concentration of 8-OH-DPAT 
needed to inhibit radioligand binding in the dentate gyrus (mostly 
5-HTI^ sites) was far lower than in the substantia nigra (almost 
exclusively 5-HT18 sites). Conversely, the concentration of S-CM- 
GTNH 2 needed to inhibit radioligand binding was higher in the 

dentate gyrus than in the substantia nigra. 

m 

t~ 5c 

values for 8 - O H - D P A T :  den ta te  gyrus < h i p p o c a m p i c  
CA1 area  < dorsa l  raphe  < visual cor tex < ventral  sub- 
icu lum ~< in te rpeduncu la r  nucleus < anter ior  cor tex = 
choro id  plexus ~< superf ic ial  gray  layers  of  the super ior  
col l iculus  ~< en to rh ina l  cor tex  < cauda te  nucleus  ~< 
dorsa l  subicu lum ~< central  gray = globus pal l idus  ~< 
subs tan t i a  nigra. 

(3) The last  four  indol ic  der ivat ives  b o u n d  with dif- 
ferent  efficiencies. Bufotenine  and 5 - M e - O D M T  reac ted  
in the same way  as 8 - O H - D P A T ,  bu t  the difference 
be tween  IC50 values ob ta ined  in the den ta te  gyrus and  
subs tan t i a  n igra  was less p ronounced .  The results  were 
oppos i t e  to those ob ta ined  with S - C M - G T N H  2 and 
S - C M - T G N H 2 ,  the ICs0 values being higher  in the 
den ta t e  gyrus than  in the subs tan t ia  nigra. The  IC50 
values for the four l igands  in the choro id  plexus were 
not  d i f ferent  f rom those found  in the denta te  gyrus. 
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The  mean  ICs0 values for  each l igand in the seven 
s t ructures  ( tab le  2) were calculated.  Pai red  compar i son  
of  the mean  values using S tuden t ' s  t- test  showed the 
existence of  s ignif icant  differences (P < 0.05) be tween 
the seven compet i tors ,  except  be tween bufo ten ine  and  
5 - M e - O D M T ,  S - C M - G T N H  2 (or  S - C M - T G N H 2 )  and  
bufotenine ,  S - C M - G T N H  2 (or S - C M - T G N H 2 )  and  5- 
M e - O D M T ,  S - C M - G T N H  2 and S - C M - T G N H  2. 

L inear  regression analysis  showed that  the seven 
log IC50 values ob ta ined  for one compe t i to r  and  the 
seven values ob ta ined  with ano ther  compe t i to r  were not  
cor re la ted  (corre la t ion  coeff icient  [R] < 0.7545, a < 5%) 
( table  2), except  for 5 - M e - O D M T  and  8 - O H - D P A T  
(0.97), bufo ten ine  and  8 - O H - D P A T  (0.98), bufo ten ine  
and  5 - M e - O D M T  (0.98). We found  good  cor re la t ion  
coefficients when we c o m p a r e d  S - C M - G T N H  2 (or S- 
C M - T G N H 2 )  with 8 - O H - D P A T  (0.89), bufo ten ine  
(0.94) and 5 - M e - O D M T  (0.96), but  the s lopes of  the 
l inear  regression p lo ts  were negat ive (fig. 3). 

S - C M - G T N H  2 in the presence of  100 n M  8-OH-  
D P A T  and 100 n M  mesulergine  inhib i ted  2 n M  [3H]5- 
H T  b ind ing  to the subs tan t ia  n igra  with an ICs0 value of  
24.9 + 8.9 n M  ( n i l  = 0.91 + 0.03). 

4. Discussion 

The  regional  d i s t r ibu t ion  of  5 -HT 1 sites in ra t  b ra in  
sect ions descr ibed  here  was s imilar  to that  p resen ted  by  
o ther  au thors  (Biegon et al., 1982; Pazos and Palacios,  
1985). The  in t e rp re t a t ion  of  the results  ob ta ined  by  
bo th  pha rmaco log i ca l  and  au to rad iog raph ic  techniques 
is easy in view of  the specific ana tomica l  local iza t ions  of  
each receptor  type  or  subtype.  The  ICs0 values calcu- 
la ted f rom au to rad iog rams  for all l igands  tested (except  
the newly  synte th ized  ones)  were in agreement  wi th  
those found  wi th  ra t  b r a in  m e m b r a n e  p repa ra t ions  
( H a m o n  et al., 1986). W i t h  a good  image  analysis  de-  
vice, quan t i t a t ive  a u t o r a d i o g r a p h y  allows one to ob ta in  
pe r t inen t  pha rmaco log ica l  results  wi th  good  accuracy  

TABLE 2 
Inhibition of 2 nM [3H]5-HT binding to rat brain sections by 5-HT, five indolic derivatives and 8-OH-DPAT in seven characteristic anatomical 
regions of the mesencephalon and in the choroid plexus. Mean IC50 values (nM) + S.E.M. were calculated from two independent experiments with 
six different rat brains. SGL = superficial gray layers of the superior colliculus. 

5-HT 5-Me-OT Bufotenine 5-Me-ODMT 8-OH-DPAT S-CM-GTNH 2 S-CM-TGNH 2 
Dentate gyrus 2.0 5:0.3 
Hippocampal CA1 1.7 + 0.3 
Visual cortex 1.8 + 0.6 
SGL 1.4 5:0.3 
Dorsal subiculum 1.5 + 0.3 
Central gray 2.4 + 0.3 
Substantia nigra 3.6 + 0.6 

Choroid plexus 1.2 + 0.04 

11.9+0.4 13.0+ 5.4 27.4+ 7.5 5.8+ 2.6 503.1+142.0 517.55:50.5 
14.35:1.8 19.05:6.6 29.55: 7.6 7.05: 2.4 512.5+ 4 7 . 7  534.3+19.0 
14.65:3.5 74.05:36.7 38.95: 5.0 4271 5:2103 457.7+100.9 211.35:23.2 
11.9+1.9 200.25:14.8 295.2+ 51 .4  13263  5:2632 54.3+ 1 0 . 3  57.75:7.1 
12.65:1.2 289.35:50.1 443.4+128.4 25098  5:3134 33.8+ 3.7 34.75:3.5 
21.1+3.7 273.4+50.6 416.15:36.2 30736  5:5446 57.2+ 9.7 50.15:7.2 
19.65:3.9 385.8+96.2 510.75:77.2 37147  +5674 22.55: 3.6 25.75:2.3 

4.95:0.4 13.0+ 7.2 63.8+ 28.2 8559 5:2940 512.9+ 85.4 - 
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Fig. 3. Comparison between affinities of 5-hydroxy-indole derivatives and 8-OH-DPAT for 5-HT 1 binding sites. The log IC5o values for each of the 
six 5-hydroxy-indole derivatives (table 2) were plotted as a function of the log ICso values obtained with 8-OH-DPAT for the seven mesencephalic 
regions analyzed. From left to right: dentate gyrus, hippocampal CA1, visual cortex, superficial gray layers of the superior colliculus, dorsal 
subiculum, central gray and substantia nigra. ICso in nM. Linear regression analysis allowed calculation of the correlation coefficients (R) 

comparing the potency of the drugs to inhibit [3H]5-HT binding in the various regions. 

and great anatomical resolution. Thus, we can de- 
termine possible differences in the pharmacological re- 
actions of the binding sites of many small-sized brain 
structures which do not lend themselves to dissection 
for analysis of binding to membrane preparations. 

The ligand 8-OH-DPAT is known to bind exclusively 
to 5-HTIA sites and not to other subtypes at concentra- 
tions below 10 -7 M (Emerit et al., 1985). 8-OH-DPAT 
was used to study the localization of 5-HT~A and '  non-A' 
sites (which are principally 1B, except in the choroid 
plexus). It was found that the hippocampal dentate 
gyrus and C A  1 a r e a  contained mostly 5-HTIA sites, 
while in the substantia nigra the sites were almost 
exclusively of the 5-HT~B subtype (Marcinkiewicz et al., 
1984; Pazos and Palacios, 1985). Linear regression anal- 
ysis showed that the indole derivatives fell into three 
classes when 8-OH-DPAT was used as a reference com- 
pound. (1) For the two compounds 5-HT and 5-Me-OT, 
the seven individual IC50 values for the anatomical 
regions examined showed poor correlation with the 
8-OH-DPAT values because the affinity of the two 
compounds was the same for all the structures analyzed. 
(2) In contrast, 5-Me-ODMT and bufotenine showed 
very good positive correlation coefficients with 8-OH- 

DPAT: the increasing order of the IC50 values found in 
seven characteristic regions was the same as that for 
8-OH-DPAT; the highest affinity was found in the 
dentate gyrus (5-HT1A) and the lowest in the substantia 
nigra (5-HT1B). (3) The last group of indolic derivatives 
examined consisted of S-CM-GTNH 2 and S-CM- 
T G N H  2. Regional IC50 values defined with these two 
ligands in the seven anatomical structures showed good 
negative correlation coefficients with those obtained 
with 8-OH-DPAT. This means that the classification of 
the IC50 values for S-CM-GTNH 2 was the reverse of 
that for 8-OH-DPAT. Contrary to 8-OH-DPAT, S- 
C M - G T N H  2 showed a preferential affinity for 5-HTIB 
versus 5-HT1A sites. It was interesting to calculate the 
ratio between the IC50 values in the substantia nigra and 
in the dentate gyrus (IC50 SN/ICs0 DG), which gives 
an index of the 5-HT1B site versus 5-HT1A site affinities 
of each ligand tested. This ratio was about 1 for 5-HT, 
5-Me-OT, S-CMNH 2, S-CMOH, bufotenine-CMNH 2 
and bufotenine-CMOH, i.e. none of these compounds 
discriminated between the two receptor subtypes. The 
ratio was 19 for 5-Me-ODMT, 31 for bufotenine and 
6450 for 8-OH-DPAT, which is the best known ligand 
for discrimination between 5-HTaA and 5-HT 1 non-A 



sites. These values for the ratios are in accordance with 
those published previously (Sills et al., 1984; Hamon  et 
al., 1986). The newly synthesized indolic derivatives 
showed a ratio IC50 SN/ICs0 D G  = 1 /22  for S-CM- 
G T N H  2 and 1 /20  for S-CM-TGNH2; this means that 
the affinity of these compounds for SN binding sites 
(almost exclusively 1B) is 22 and 20 times greater, 
respectively, than for D G  sites (mostly 1A). The IC50 
value for 5-HTIB sites obtained with S - C M - G T N H  2 
after saturation of 5-HTIA and 5-HTlc sites was equiv- 
alent to the value obtained without 8 -OH-DPAT and 
mesulergine in the substantia nigra. The Hill coefficient 
(ni l)  nearly equalled 1, thus there was no cooperativity 
between S -CM-GTNH 2 and 5-HT. Furthermore, S- 
C M - G T N H  2 had the same affinity for D G  as for the 
sites of the choroid plexus (ICs0 = 512 nM), an area 
known to contain essentially 5-HTtc subtype sites (Pazos 
and Palacios, 1985). 

There is a relationship between the chemical struc- 
ture of several 5-HT derivatives and their activity on 
5-HT sites. Previous studies dealt with this structure-af- 
finity relationship (McKenna et al., 1990). Several find- 
ings emerged from our present work: 5-Me-OT, which 
has a methyl substitution on the hydroxyl group of 
5-HT had a lower affinity for 5-HT1A, 5-HTIB and, to a 
lesser extent, for 5-HT~c sites compared to 5-HT. The 
presence of a tertiary amine function on the bufotenine 
molecule led to a lower affinity for 5-HT 1 sites, but this 
change was greater for 5-HTIB than for 5-HTIA sites, so 
that the two sites could be discriminated from one 
another. The combination of these two substitutions in 
5-Me-ODMT led to the compound having a lower affin- 
ity for 5-HT~A sites than bufotenine, but the affinity 
change for the 5-HTIB sites was nearly the same for the 
two derivatives. It  appeared that substitution on the 
amino group made possible the discrimination between 
5-HT1A and 5-HTIB sites, essentially by a loss of affinity 
for the 5-HT m site, but these substituted derivatives did 
not discriminate between 5-HTIA and 5-HTlc sites. The 
substitution on the hydroxyl group tended to slightly 
decrease the affinity for 5-HT 1 sites. When the hydroxyl 
was substituted with CH2CONH 2 or CH2COOH, a 
dramatic decrease in the affinity for 5-HT 1 sites oc- 
curred together with the disappearance of the ability of 
bufotenine to discriminate between 1A and 1B sub- 
types. In contrast, when a dipeptide was linked to the 
carboxyl group, there was a smaller decrease in affinity 
and this new type of ligand showed a preferential affin- 
ity for 5-HT m sites compared with 5-HT1A and 5-HTlc 
sites (without discriminating 5-HTIA from 5-HTac sites). 
Replacement of the hydroxyl group with a car- 
boxyamido group (5-carboxyamidotryptamine, 5-CT) 
increased the affinity for 5-HT 1 sites but did not allow 
discrimination between the subtypes (Peroutka, 1988). 
Many of the existing ligands, which recognize 5-HTIB 
sites (with a very weak preference of affinity for 1B 
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versus 1A), like cyanopindolol (Hoyer et al., 1985) and 
sumatriptan (Humphrey  et al., 1988; Peroutka and Mc- 
Carthy, 1989), are indolic compounds.  

Hydroxy-indole derivatives showed only a weak dif- 
ference in affinity between 5-HTIA and 5-HT1B sub- 
types as compared with 8-OH-DPAT. They could nev- 
ertheless be used to synthesize new types of ligands such 
as S - C M - G T N H  2, which is characterized by greater 
specificity for 5-HT1B subtype sites than all other exist- 
ing ligands (Hamon  et al., 1986; Neale et al., 1987). 

As 5-HTID sites have the same affinity for 5-Me-OT 
and 5-HT (Heuring and Peroutka, 1987) and very poor 
affinity for cyanopindolol (Hoyer et al., 1988), it might 
be interesting to test their affinity for the new deriva- 
tive, S - C M - G T N H  2. Moreover, the tyrosine group of 
the ligand could be coupled to 125Iodine to permit direct 
autoradiography, or the tyrosine could serve as linker to 
a protein to yield a long-lasting ligand (Garrigues et al., 
1985). These new ligands could be of great interest for 
the study of both  the localization of the subtypes at the 
electron microscopic level and of the behavioral impli- 
cations of 5-HT. 
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