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Abstract 

The distribution of [125I]SRIF-28 ([LeuS,D-Trp22,125I-TyrES]somatostatin-28), [12511204-090 ([Tyr3]octreotide) and [125I]CGP 
23996 (c[Asu-Lys-Asn-Phe-Phe-Trp-Lys-Thr-Tyr-Thr-Ser]) labelled recognition sites was studied by autoradiography in rat brain 
at embryonic day 18 (E 18) and postnatal day 5 (P 5). These results were compared with mRNA expression of somatostatin 
receptors SSTR1-5 (named SStl_ 5 now) as studied by in situ hybridization. [125I]SRIF-28, [125I]204-090 and [125I]CGP 23996 
binding displayed different although partially overlapping distributions, and showed an increase between E 18 and P 5, which 
was less marked for [125I]204-090 binding. [125I]204-090 binding and sst 2 receptor mRNA were similarly distributed, whereas 
[125I]CGP 23996 binding did not correlate with any single somatostatin receptor mRNA. The data suggest that most SRIF 
receptor subtypes in rat brain are present before birth, but evolve differently. 
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1. Introduct ion  

Somatostatin (somatotropin release inhibiting fac- 
tor, SRIF) is a neuropeptide widely expressed in the 
brain and the periphery. It exists in two main forms, 
SRIF-14 and SRIF-28 and produces a variety of ef- 
fects. In the gastrointestinal tract, SRIF affects en- 
docrine and exocrine functions (Reichlin, 1983). In the 
brain, it acts as a neurotransmitter (Epelbaum, 1986), 
modulates neurotransmitter release, e.g. of dopamine, 
serotonin and acetylcholine and its own release is 
modulated by many neurotransmitters (for a review see 
Hoyer et al., 1994). Somatostatin affects also a range of 
neoplastic diseases (Reubi and Laissue, 1995). Several 
transduction mechanisms have been described for SRIF 
receptors including inhibition of adenylate cyclase ac- 
tivity (Kaupmann et al., 1993; Patel et al., 1994), modu- 
lation of voltage-sensitive Ca 2+ channels (Reisine, 
1990), receptor-operated and other K ÷ channels (see 
Hoyer et al., 1994), increase of inositol-l,4,5-triphos- 
phate (Lachowicz et al., 1994) and modulation of phos- 
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photyrosine phosphatase activity (Buscail et al., 1994). 
SRIF induces its biological effects by interacting with 
cell membrane receptors, of which five (SSTR1-5) 
have been cloned and expressed within the last few 
years. All of them belong to the superfamily of G-pro- 
tein coupled receptors (Bell and Reisine, 1993; Hoyer 
et al., 1994); these receptors are named n o w  SStl_ 5 

according to recommendations made by IUPHAR (see 
Hoyer et al., 1995b). The existence of two families of 
SRIF receptors, named SS-1/SOMA/SRIF-1 and SS- 
2 /SOMB/SRIF-2  was generally assumed (see Hoyer 
et aI., 1994, 1995b). The major distinction between the 
two classes of receptors was the high affinity for short 
SRIF analogues such as octreotide, seglitide or RC 160 
for the former and the very low affinity of these com- 
pounds for the latter class (see Reubi, 1984, 1985; 
Reubi and Maurer, 1986; Martin et al., 1991). 3H or 
1251 analogues of SRIF-14 and -28 are largely non- 
selective and label probably all receptors (see Epel- 
baum and Bertherat, 1993; Epelbaum et al., 1994). By 
contrast, [125I]204-090 and [125I]MK 678 are selective 
for the SRIF-1 subclass and more specifically for the 
sst 2 receptor (Hoyer et al., 1994; Schoeffter et al., 
1995). This is demonstrated by the superimposable 
pharmacological profile of brain [12511204-090 and 



146 V.S. Thoss et al. / European Journal of  Pharmacology 297 (1996) 145-155 

[125I]MK 678 binding sites and recombinant sst 2 recep- 
tors, as well as similar distribution patterns of these 
binding sites and sst 2 mRNA (see Hoyer et al., 1994; 
Schoeffter et al., 1995). With respect to the SRIF-2 
subclass, it has been suggested that [125I]CGP 23996 is 
a specific ligand; however this radioligand labels most 
recombinant receptors with the possible exception of 
the sst 2 receptor (see Raynor et al., 1993a, b). On the 
other hand, [125I]SRIF-14 (in the presence of 120 mM 
NaCI) labels essentially sst I sites in rat brain (Hoyer et 
al., 1994, 1995a), however these conditions are incom- 
patible with autoradiographic studies. Although all 
SRIF receptor mRNAs are apparently expressed in rat 
brain (at least at P 5), this assumption is based on in 
situ hybridization (Kong et al., 1994; P6rez et al., 1994; 
P~rez and Hoyer, 1995; Thoss et al., 1995), RT-PCR 
(subtype-specific polymerase chain reaction after re- 
verse transcription of mRNA)(Raulf  et al., 1994) and 
various Northern analyses (Bruno et al., 1993; Kong et 
al., 1994); these methods detect minute amounts of 
mRNA but provide little information on the corre- 
sponding protein levels. Only sst 1 and sst 2 receptors 
have been clearly identified in brain (see Hoyer et al., 
1994, 1995a; Schoeffter et al., 1995), whereas sst 3, sst 4 
and sst 5 receptors have not. In the periphery, the sst 4 
receptor has also been found by both mRNA detection 
and radioligand binding (Bruno et al., 1993; Bito et al., 
1994; Schloos et al., 1995). There  is still no conclusive 
evidence for the expression of sst 3 or sst 5 receptors 
with the adequate pharmacological profiles. The latter 
shows very low levels of mRNA in the brain, except for 
a faint peak at P 5 (Thoss et al., 1995). 

Up to date the distribution of SRIF receptor bind- 
ing sites in the developing rat brain has been studied 
by autoradiography using [125I-Tyr°,D-TrpS]SS14 and 
[~z5I]204-090 (Gonzalez et al., 1988, 1989, 1990, 1991; 
Bodenant et al., 1991, 1993; Maubert  et al., 1994). A 
common feature for somatostatin and its receptors 
during neuronal development appears to be the tran- 
sient character of the expression of both the neuro- 
transmitter and the receptors (see Maubert  et al., 1994 
and references therein). We have previously observed 
that the expression of the mRNA of each of the five 
somatostatin receptors (sst I to sst 5) is differently af- 
fected by development in the rat brain. Thus, sst 2 and 
sst 3 mRNAs were present at E 17, sst~ became signifi- 
cantly expressed at E 18, whereas sst 4 and sst 5 recep- 
tor mRNA became clearly detectable around birth and 
at P 5, respectively (Thoss et al., 1995). Although the 
expression of some of these mRNAs decreases there- 
after the most dramatic effect was observed with sst 5, 
for which almost no signals were to be detected in 
adult rat brain. The aims of the present study were, (1) 
to analyze and compare the SRIF receptor distribution 
in rat brain using several radioligands, (2) compare the 
SRIF binding site distribution before and after birth, 

(3) to compare the rat brain sst~_ 5 receptor mRNA 
expression as previously reported by Thoss et al. (1995) 
and SRIF receptor distribution at various ontogenic 
stages. We therefore performed autoradiographic stud- 
ies in rat brain at E 18 and P 5 using [125I]SRIF-28, 
[125I]CGP 23996 and [12511204-090. The latter has been 
reported to label primarily sst 2 receptors (Schoeffter et 
al., 1995), [125I]SRIF-28 was expected to label all sites, 
whereas due to previous reports (e.g. Martin et al., 
1991), we anticipated [125I]CGP 23996 to label with 
some preference sites belonging to the SRIF-2 class, 
although the ligand is apparently able to bind signifi- 
cantly to most receptors when expressed recombinantly 
(Raynor et al., 1993a, b). 

2. Materials and methods 

2.1. Animals 

E 18 rats: Wistar rat foetuses from embryonic day 18 
(E 18) were obtained by caesarian cut from pregnant 
rats previously killed in CO 2 atmosphere. Foetal heads 
were removed, quickly frozen and stored at -20°C.  P 5 
rats: brains were obtained from 5 day old (P 5) male 
Wistar rats, quickly frozen and stored at - 20°C. Tissue 
sections were cut in 10 /zm thick slices with a micro- 

- z  

Fig. 1. The photograph depicts the labelling of [125I]SRIF-28 (A,A*),  
[12511204-090 (B,B*) and [lZsl]CGP 23996 (C,C*) in the absence 
(A,B,C) and the presence of 10 -6  M SRIF-14 ( A * , B * , C * )  in 
coronal sections of E 18 rat brain. Figs. A, A * ,  B and B * were taken 
at the level of the medial hippocampus; Figs. C and C* at the level 
of the posterior hippocampus. 
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tome-cryostat and were thaw-mounted on silane-coated 
microscope slides. 

2.2. Receptor autoradiography 

The incubations were performed according to the 
following procedure: after 20 min of preincubation in 
buffer containing 50 mM Tris-HCl pH 7.4, 0.2% bovine 
serum albumin, 0.1 nM bacitracin, 2 mM EGTA and 5 
mM MgC12 at room temperature, the sections were 
incubated for 2 h at room temperature in the same 
medium supplemented with either 300 pM [t25I]CGP 
23996 (c[Asu-Lys-Asn-Phe-Phe-Trp-Lys-Thr-Tyr-Thr- 
Ser]), 50 pM [125I]204-090 ([Tyr3]octreotide = D-Phe- 
c[Cys-Phe-n-Trp-Lys-Thr-Cys]-Thr(ol)), or 50 pM 
[t25I]SRIF-28 ([Leus,D-Trp 22,125 I-Tyr 25]somatostatin - 
28). Non-specific binding was determined in a set of 
adjacent slides by incubation in the presence of 10 -6 
M SRIF-14. The washing of labelled sections was car- 
ried out as follows: a brief dipping in ice-cold distilled 

water followed by two 10 min washes in the former 
buffer and a brief dipping in ice-cold distilled water to 
remove the salts. Finally, the sections were quickly 
dried under a stream of cold air. Autoradiograms were 
generated by apposing the labelled tissues to 3H-Hy- 
perfilms (Amersham, Buckinghamshire, UK) at 4°C for 
2-3 days. Radioligands were custom synthesized by the 
chloramine T ([125I]CGP 23996) or lactoperoxidase 
method ([125I]SRIF-28 and [12511204-090) and purified 
by reverse phase (C 18) high pressure liquid chro- 
matography to a specific activity of 2175 Ci/mmol by 
ANAWA (Wangen, Switzerland). 

2.3. Data analysis 

Sections were counterstained with 0.5% Cresyl vio- 
let and nuclei localized according to Paxinos et al. 
(1991) for E 18 and Paxinos and Watson (1986) for P 5. 
Since there are rapid changes in the neuroanatomy 
during development, the identification of the brain 
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Fig. 2. Autoradiographic distribution of [125I]SRIF-28 (A-C), [12511204_090 (D-F)  and [ 125I]CGP 23996 (G-I )  binding sites on coronal sections of 
E 18 rat brain. Scale bar: 2 mm. B, E and H are the same photographs shown in Fig. 1A,B,C. 
Abbreviations used in Figs. 2-4: IV-VI,  layers IV-VI  of cortex; amg, amygdaloid neuroepithelium; CA1, CA1 field of the hippocampus; CA3, 
CA3 field of the hippocampus; Cb, cerebellum; C1, claustrum; CPu, caudate putamen; cpu, caudate putamen neuroepithelium; Cx, cortex; cx, 
cortical neuroepithelium; DG, dentate gyrus; E, enamel organ of teeth; IC, inferior colliculus; LC, locus coeruleus; MHb, medial habenula; N, 
nasal cavity; ne, neuroepithelium; obn, olfactory bulb neuroepithelium; Rne, retinal neuroepithelium; S, subiculum; SC, superior colliculus; SN, 
substantia nigra; Sp, sphenopalatine ganglion; trg, germinal trigone, TT, tenia tecta. 
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regions used for P 5 sections is to be considered as 
tentative in some cases. Data from binding signals were 
analyzed by optic densitometry of the 3H-Hyperfilms 
using a computerized image analysis system (MCID, 
Imaging Research, St. Catherines, Ontario, Canada). 
For a given radioligand, the optic density (O.D.) as- 
sessed in the most densely labelled brain region was 
taken as 100%, while the O.D. in the least labelled 
region was considered to represent background. Based 
on decreasing O.D. values, five groups were arbitrarily 
formed. In the tables, + + + + + represent O.D. val- 
ues between 100 and 81% of the highest O.D, + + + + 
between 80 and 61%, + + + between 60 and 41%, 
+ + between 40 and 21%, + between 20 and 1% and 
- corresponds to background. For [125I]SRIF-28, 
[125I]204-090 and [125I]CGP 23996 in E 18/P 5 rats 
+ + + + + stands for an O.D. value of 534/521, 
570/505 and 488/518, respectively. In situ hybridiza- 
tion data were from and as described by Thoss et al. 
(1995). 

3. Results 

Fig. 1 illustrates total and non-specific binding ob- 
tained with the three radioligands tested in the present 

study. As can be observed from Fig. 1A*,B*,C*,  
non-specific binding was essentially equivalent to back- 
ground. Therefore, Figs. 2-4 depict total binding only. 

3.1. [125I]SRIF-28 binding 

At E 18 (Fig. 2A-C), high levels of binding were 
found in telencephalon, whereas [125I]SRIF-28 labelled 
intermediate levels in all remaining areas. The cortical 
and to a lesser extent the hippocampal neuroepithe- 
lium displayed strong labelling for all three radioli- 
gands. At P 5 (Fig. 3A-C), the distribution of 
[125I]SRIF-28 sites was much wider and denser, espe- 
cially in the di- and telencephalon (see also Tables 1 
and 2, for a detailed analysis). Strong [125I]SRIF-28 
labelling was displayed by layers IV + V of the frontal 
cortex followed by the CA1 area of Arnmon's horn. 
Intermediate levels of [125I]SRIF-28 binding sites were 
detected in di-, mes- and metencephalon. It is clear 
that the density of sites increases with time, whereas 
the overall distribution is less affected although some 
nuclei show much denser labelling at P 5 than at E 18. 

3.2. [12511204-090 binding 

At E 18 (Fig. 2D-F), the analogue of octreotide 
labels high levels in telencephalon, diencephalon, mes- 

C 
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Fig. 3. Autoradiographic distribution of [125I]SRIF-28 (A-C), [tz~I]204-090 (D-F) and [~z~I]CGP 23996 (G-I) binding sites on coronal sections of 
P 5 rat brain. Scale bar: 2 mm. 
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Fig. 4. The photographs compare hybridization signals, obtained using SStl_ 5 probes (A1-5, B1-5), respectively and the labelling of [125I]204-090 
(Aa, Ba) and [lZSI]CGP 23996 (Ab, Bb) in coronal sections of E 18 (A) and P 5 (B) rat brain. Note high signal densities obtained with the sst 1 
probe and [125I]CGP 23996 labelling in substantia nigra of E 18 rats and with the sst 2 probe and [12511204-090 in cerebellum of P 5 rats. Scale 
bars: 1 mm. 

encephalon, pons and spinal cord. In the superior and 
the inferior colliculus much higher levels of [12511204- 
090 than [125I]CGP 23996 binding was observed. In the 
substantia nigra though, [12511204-090 binding is much 
lower than [125I]CGP 23996 binding (Fig. 4). In the 
locus coeruleus and pontine nuclei much higher densi- 
ties of [12511204-090 than [125I]CGP 23996 binding were 
observed. At P 5 (Fig. 3D-F), the distribution of 
[12511204-090 sites was wider. [12511204-090 labelling at 
the same stage was pronounced in the retrosplenial 
cortex, presubiculum and subiculum, whereas interme- 
diate levels were present in the isocortex (see Tables 1 
and 2). 

3.3. [1251]CGP 23996 binding 

At E 18 (Fig. 2G-I), high levels of [125I]CGP 23996 
binding were found in telencephalon and were roughly 
comparable to [lZSI]SRIF-28 at the same stage. 
[125I]CGP 23996 labelled intermediate levels in other 

brain regions. At P 5 (Fig. 3G-I), the distribution of 
[125I]CGP 23996 and [125I]SRIF-28 sites was again simi- 
lar, but wider and denser, e.g. in the di- and telen- 
cephalon and spinal cord. However, a detailed analysis 
(see Tables 1 and 2) shows that the overlap between 
the two ligands is more apparent than real, some nuclei 
showing comparatively higher [125I]SRIF-28 binding, 
whereas others show somewhat higher [125I]CGP 23996 
binding. At P 5, pronounced labelling of [125I]CGP 
23996 was observed in presubiculum, subiculum and 
isocortex (see Table 2 for details). 

4. Discussion 

The present study was designed to compare the 
distribution of SRIF receptors in the rat brain at 
different pre- and postnatal stages. We have used three 
different radioligands, [125I]SRIF-28, [125I]CGP 23996 
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and [12511204-090; their selection was based on the 
following assumptions:  [125I]SRIF-28 was used for it 
labels presumably  all S R I F  receptors;  [tz5I]204-090 was 

selected because it binds exclusively sst 2, but  not  sst 3 
or  sst 5 sites (Hoyer  et al., 1994; Schoeff ter  et al., 1995) 
whereas  sst I and sst 4 can be excluded because of  their 

T a b l e  1 

R e g i o n a l  d i s t r i b u t i o n  o f  s s t l ,  ss t  2, ss t  3, ss t  4 a n d  ss t  5 m R N A  a n d  b i n d i n g  s i t e s  f o r  [ 1 2 5 I ] S R I F - 2 8 ,  [12511204090 a n d  [ t e S I ] C G P  2 3 9 9 6  in  r a t  a t  

e m b r y o n i c  d a y  18 ( E  18)  

1 
A r e a  ( t a b l e  1) S R I F - 2 8  2 0 4 - 0 9 0  C G P 2 3 9 9 6  ss t  i ss t  2 ss t  3 ss t  4 ss t  5 

Telencephalon 
O l f a c t o r y  s y s t e m  

O l f a c t o r y  b u l b  n e u r o -  + + + + / +  + + + + + / +  + + + + + / +  + + + + + N . D .  

e p i t h e l i u m  e 

P i r i f o r m  c o r t e x  + + + + + + + + - + - 

C e r e b r a l  c o r t e x  

I s o c o r t e x  

F r o n t a l  + + +  + + + +  + + +  + + + + +  + + + +  + + + +  - + 

P a r i e t a l ,  a r e a  1 a n d  2 + + + + + + + + + + + + + + + + + + + - + 

H i n d l i m b  a r e a  + + + + + + + + + + + + + + + + + + + + + - - 

F o r e l i m b  a r e a  + + + + + + + + + + + + + + + + + + + + + - - 

T e m p o r a l ,  a r e a l a n d 3  + + +  + + + +  + + +  + - + + + + +  - - 

O c c i p i t a l  c o r t e x  + + +  + + + +  + + +  + + + + + + +  - - 

A l l o c o r t e x  

C i n g u l a t e  c o r t e x  + + + + + + + + + + + + + + + + + + + + + + + - + 

R e t r o s p l e n i a l  g r a n u l a r  + + + + + + + + + + + + + + + + + + + - - 

c o r t e x  

R e t r o s p l e n i a l a g r a n u l a r  + + +  + + + +  + + +  + +  + + +  + + + + +  

c o r t e x  

I n s u l a r  c o r t e x  + + + + + + + + + + + + + + + + + - 

P e r i r h i n a l c o r t e x  + + + + + + + + + + + + + - + + + + - - 

C o r t i c a l n e u r o e p i t h e l i u m  + + + + +  + + + + +  + + + + +  - + + + + + + + + +  + + 

N e u r o e p i t h e l i u m  + + + + +  + + + + +  + + + + +  + + + + + +  + + + + +  - - 

S u b v e n t r i c u l a r c o r t i c a l  + + + + +  + + + + +  + + + + +  - + + + + +  + + + +  - - 

l a y e r  

B a s a l  g a n g l i a  

C a u d a t e - p u t a m e n  + + + + + + - - + + - - 

C a u d a t e - p u t a m e n  n e u r o -  + + + + + + + + + + + + - + + + + + + + + + + - 

e p i t h e l i u m  

C l a u s t r u m  + + + + + + + + + + + + + + + + + - - 

D o r s a l  e n d o p i r i f o r m  n u c l e u s  + + + + + + + + + + + + + - + - - 

S e p t u m  

M e d i a l  s e p t a l  n u c l e u s  + + + + + - + - 

S e p t o h i p p o c a m p a l  n u c l e u s  + + + N . D .  N . D .  N . D .  N . D .  N . D .  

N u c l e u s  v e r t i c a l  l i m b  + + + + + + N . D .  N . D .  N . D .  N . D .  N . D .  

d i a g o n a l  b a n d  

N u c l e u s  h o r i z o n t a l  l i m b  + + + + - + - - 

d i a g o n a l  b a n d  

H i p p o c a m p a l  f o r m a t i o n  

H i p p o c a m p a l n e u r o -  + + + + +  + + + + +  + + + + +  - + + + + + + + + +  + - 

e p i t h e l i u m  

E n t o r h i n a l c o r t e x  + + +  + + + +  + + +  + + + + +  - + + + +  - 

P r e s u b i c u l u m  + + + + + + + + + + + + + + + + + + + - - 

S u b i c u l u m  + + + + + + + + + + + + + + + + + + + + + + + + - 

A m m o n ' s  h o r n  

C A 1  a r e a  + + + +  + + + + +  + + + +  - + + +  + + + + +  + + + + +  - 

C A 3  a r e a  + + + +  + + + +  + + + +  - + + +  + + +  + + +  - 

D e n t a t e  g y r u s  + + + + + + + + + + - + + + + + + - - 

A r n y g d a l a  

A n t e r i o r  c o r t i c a l  + + + + + + + + + + + - + + - 

M y g d a l o i d  n u c l e u s  

A m y g d a l o i d  n e u r o -  + + + + + + + + + + + + + - + + + + + + + + - 

e p i t h e l i u m  

C e n t r a l  n u c l e u s  + + + + + + + + + + + + - - + + + - 

L a t e r a l  n u c l e u s  + + + + + + + + + - - + + - 
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n e g l i g i b l e  a f f i n i t y  f o r  o c t r e o t i d e .  F i n a l l y ,  [ 1 2 5 I ] C G P  e n c e s  i n  t h e  d i s t r i b u t i o n  i n  r a t  b r a i n  b e t w e e n  [ 1 2 5 I ] C G P  

2 3 9 9 6  w a s  i n c l u d e d  b a s e d  o n  t h e  p r e v i o u s  r e p o r t  o f  2 3 9 9 6  a n d  [ 1 2 5 I ] M K  6 7 8  l a b e l l e d  s i t e s ,  a l t h o u g h  t h i s  

M a r t i n  e t  a l .  ( 1 9 9 1 ) ,  s h o w i n g  r a t h e r  d r a m a t i c  d i f f e r -  o b s e r v a t i o n  i s  n o t  g e n e r a l l y  a c c e p t e d  ( s e e  E p e l b a u m  

T a b l e  1 ( c o n t i n u e d )  

A r e a  ( t a b l e  1) S R I F - 2 8  2 0 4 - 0 9 0  C G P 2 3 9 9 6  ss t  1 sst  2 sst  3 ss t  4 sst  5 

Diencephalon 
E p i t h a l a m u s  

M e d i a l  h a b e n u l a  + + + + + + + - + + + + + + + + - 

P i n e a l  g l a n d  + + + - - + + + - - 

T h a l a m u s  

C e n t r a l  m e d i a l  n u c l e u s  + + + + + + + + + + + - + + + - - 

R e u n i e n s  + + + + + + + + + + + + + + + - 

H y p o t h a l a m u s  

A n t e r i o r  n u c l e u s  + + + + + + + + - + - - 

A r c u a t e  + + + + + + + - + - - 

M e d i a l  p r e o p t i c  n u c l e u s  + + + + + + + - + - 

P a r a v e n t r i c u l a r  n u c l e u s  + + + + + + + + + + + + - + - - 

S u p r a c h i a s m a t i c  n u c l e u s  + + + + + + + + + - + - - 

V e n t r o m e d i a l  n u c l e u s  + + + + - - + - - 

Mesencephalon 
N e u r o e p i t h e l i u m  + + + + + + + + - + + + + + + + + - - 

C e n t r a l  g r e y  + + + + + + + + + + + + + + + + + + + + - - 

I n f e r i o r  c o l l i c u l u s  + + + + + + + + + - + + + + - - 

S u p e r i o r  c o l l i c u l u s  + + + + + + + + + + + + + + + + + + - - 

S u b s t a n t i a  n i g r a  + + + + + + + + + + + + - + + - - 

Metencephalon 
C e r e b e l l u m  

S u p e r i o r  p e d u n c l e  + + + + + + + + + + + + + - + + - - 

M e d i a l  n u c l e u s  + + + + + + + + + + + - + + + - - 

L a t e r a l  n u c l e u s  + + + + + + + + + + + + - + + + - - 

V e n t r a l  t e g m e n t a l  n u c l e u s  + + + + + + + + + + + - + + - - 

L o c u s  c o e r u l e u s  + + + + + + + + + - + + + + + - - 

P o n t i n e  n u c l e i  + + + + + + + + + + + - - 

Myelencephalon 
C o c h l e a r  n u c l e i  

D o r s a l  + + + + + + + + + + + + - + + + + - - 

V e n t r a l ,  a n t e r i o r  + + + + + + + + + + + + - + + - - 

V e n t r a l ,  p o s t e r i o r  + + + + + + + + + + + + + + + + + + - - 

M e d i a l  v e s t i b u l a r  n u c l e u s  + + + + + + + + + - - + + + - - 

P r e p o s i t u s  h y p o g l o s s a l  + + + + + + + + + + + + + - + + + - - 

n u c l e u s  

N u c l e u s  s p i n a l  t r a c t  t r i g e -  + + + + + + + + + + - + + + + - - 

m i n a l  n e r v e ,  o r a l  

P r i n c i p a l  s e n s o r y  t r i g e -  + + + + + + + + + - + + + - - 

m i n a l  n u c l e u s  

N u c l e u s  o f  t h e  s o l i t a r y  

t r a c t  + + +  + + +  + + +  + + + +  + + +  - - 

G e r m i n a l  t r i g o n e  + + + + + + + + + + + - + + + + + + + + - 

P o n t i n e  m i g r a t i o n  + + + + + + + + + - + + + - - 

Head areas 
G a n g l i a  

S p h e n o p a l a t i n e  + + + + + + + - + - - 

T r i g e m i n a l  + + + + + + + + + + - 

O t i c  + + + + + + + + + - N . D .  - - 

P i t u i t a r y  

A n t e r i o r  l o b e  + + + - - + - - 

P o s t e r i o r  l o b e  + + + + + + - + - - 

R e t i n a l  n e u r o e p i t h e l i u m  + + + + + + + + + + + + + + + + + 

N a s a l  c a v i t y  + + + + + + + + + + + + + + + + + - - 

O r a l  c a v i t y  + + + + - + + + - 

E n a m e l  o r g a n  o f  t e e t h  + + + + + + + - - + + - - 

i D a t a  w e r e  f r o m  a n t e r i o r  h e a d  a r e a s ;  2 l a t e r a l / w h o l e  o l f a c t o r y  b u l b  n e u r o e p i t h e l i u m ;  SStl_ 5 m R N A  d a t a  a r e  f r o m  T h o s s  e t  a l .  ( 1 9 9 5 ) ;  

N . D .  = n o t  d e t e r m i n e d .  
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Tab le  2 

Reg iona l  d is t r ibut ion of  SStl, sst2, sst3, sst 4 and  sst s m R N A  an d  b inding sites for  [125I]SRIF-28, [12511204090 and  [125I]CGP 23996 in rat  at 

pos tna ta l  day  5 (P 5) 

A r e a  ( table  2) SRIF-28  204-090 CGP23996  sst 1 sst 2 sst 3 sst 4 sst 5 

Telencephalon 
Olfac tory  sys tem 

A n t e r i o r  o l factory  nuclei  + + + + + + + 

Ol fac to ry  vent r ic le  neuro -  + + + 

ep i t he l i um 

Pi r i form cor tex  + + + + + + 

C e r e b r a l  cor tex 

I socor tex  

Fron ta l  

layers  I - I I I  + + + + + + + + + + + + 

layer  IV  + + + + + + + + + + + + + + 

layer  V + + + + +  + + + +  + + + + +  

layer VI  + + + + + + + + + + 

Par ie ta l ,  a r e a  1 and  2 

layers I - I I I  + + + + + + + + + + 

layer  IV + + + + +  + + +  + + + + +  

layer  V + + + + +  + + +  + + + + +  

layer V I  + + + + + + + 

H i n d l i m b  a r e a  + + + + + + + + + + + + 

Fo re l imb  a r e a  + + + + + + + + + + + + 

T e m p o r a l ,  a r e a  1 and  3 + + + + + + + + + + + + 

Al locor tex  

C i n g u l a t e c o r t e x  + + + +  + + + + +  + + + + +  

R e t r o s p l e n i a l g r a n u l a r  + + + +  + + + + +  + + + + +  

cor tex  

Re t rosp len ia l  a g r a n u l a r  + + + + + + + + + + + + + + 

cor tex  

Insu la r  cor tex  + + + + + + + + + + + + 

Per i rh ina l  cor tex  + + + + + + + + + + + + + 

Basal  gangl ia  

C a u d a t e - p u t a m e n  + + + + + 

Globus  pal l idus + + + + + 

C l a u s t r u m  + + + + + + + + + ÷ + + + 

Dorsa l  e n d o p i r i f o r m  nuc leus  + + + + + + + + + + + + + 

La t e r a l  vent r ic le  neuro -  + + + + + + + + + 

ep i the l ium 

S e p t u m  

Media l  septa l  nuc leus  + + + + + 

S e p t o h i p p o c a m p a l  nuc leus  + + + + + + + + + + + + 

T e n i a  t ec ta  + + + + + + + + + + + + 

Nuc leus  ver t ica l  l imb + + + + + + + 

d iagona l  b a n d  

Nuc leus  hor izon ta l  l imb + + + + + 

d iagona l  b a n d  

H i p p o c a m p a l  f o rm a t i on  

E n t o r h i n a l  cor tex  

layers  I - I I I  + + + + + + 

layers  I V - V I  + + + + + + + + 

P re sub i cu lum + + + +  + + + + +  + + + + +  

Sub icu lum + + + +  + - ¢ - + + +  + + + + +  

m m m o n ' s  horn  

CA1 a r e a  + + + + + + + + + + + + + + 

CA3  a r e a  + + + + + + + + + + + 

D e n t a t e  gyrus  + + + + + + + + 

A m y g d a l a  

A n t e r i o r  cor t ical  + + + + + + 

amygda lo id  nuc leus  

Baso la te ra l  nuc leus  + + + + + + + + + + + + + 

Media l  nuc leus  + + + + + 

N . D .  + + + + + +  + +  + 

+ + +  + + + + +  + - 

+ + + +  + +  + + + +  + + +  

+ + + +  + +  + + +  + +  + + + +  

+ + +  + + +  + + +  + +  + + + +  

+ + + +  + + +  + + +  + + +  + + + +  

+ + + +  + +  + + +  + +  + + + +  

+ + +  + + +  + + +  + +  + + + +  

+ + + +  + + +  + + +  ÷ + +  + + + +  

+ + + +  + + +  + + + +  + + + +  + + + +  

+ + + + ÷  + + + + +  + + ÷  + + + +  ÷ + + +  

+ +  + + + + +  + +  + + + +  + + + + +  

+ +  + + + + +  + +  + + + +  + + + + +  

+ + + +  + + +  + + +  + +  + + + +  

+ + + +  + + +  + + +  + ÷ +  

+ + + +  + - 

+ +  - + + - 

+ + +  + + +  + +  + +  - 

+ + +  + + +  + ÷  + +  - 

+ + +  ÷ + +  + + + + +  

+ + +  + + + +  - 

+ + +  + +  + +  + + +  - 

+ + + +  + + +  + + +  + + +  - 

+ + + + + +  - 

+ + + + +  + + + 

+ + +  + + 

+ + + 

+ + +  + + + +  + 

+ + +  + + + +  + 

+ 

+ 

+ + + +  

+ + + +  

÷ + +  + + + +  + +  + + + + +  

W + + + +  + + +  + + +  
+ + + +  + + +  + + +  

+ + +  + + + +  + 

+ +  + + +  + + +  + ÷ ÷ +  

+ +  + + + +  + 

+ + + +  

+ + + + +  
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and Bertherat, 1993; Epelbaum et al., 1994). In addi- 
tion, since most radioligands are notoriously non-selec- 
tive, we have compared the present radioligand binding 
results with previous in situ hybridization data using 
oligoprobes selective for sstl_ 5 receptors. 

At first sight, the distribution of the sites labelled 
with all three radioligands is very similar, although 
differences can be observed between [125I]204-090 and 
[125I]CGP 23996 binding (see Tables 1 and 2, Fig. 4). It 
is clear that the latter ligand labels sites which are 
distributed very similarly to those labelled by 
[125I]SRIF-28. The results obtained with [125I]SRIF-28 
show that in most brain regions binding increases be- 
tween E 18, P 5 and adult rat. While in adult rat brain 
high levels of binding were found in the deep layers of 
cortex, cingulate cortex, claustrum, locus coeruleus and 
most structures of the limbic system (Leroux et al., 
1985), [125I]SRIF-28 binding was rather moderate in 
these structures at E 18 and became stronger at P 5. A 
similar trend was observed with [125I]CGP 23996 and 
[12511204-090 binding. We did not observe the striking 
differences between [12511204-090 and [125I]CGP 23996 
which have previously been reported by Martin et al. 
(1991). It should be noticed that whereas Martin et al. 
used [125I]MK 678, our study was performed with 
[12511204-090; however, we have shown that both li- 
gands label sites in rat brain whose distribution and 
pharmacology are undistinguishable (Hoyer et al., 1994; 
Schoeffter et al., 1995). There are nevertheless differ- 
ences between the sites labelled by [12511204-090 and 
[125I]CGP 23996 as listed in Table 2 for P 5 rat brain: 
for instance, [125I]CGP 23996 binding is comparatively 
higher than [12511204-090 binding in the olfactory sys- 
tem, cerebral cortex, caudate-putamen, claustrum, 
amygdala, some thalamic nuclei and substantia nigra. 

By contrast, [12511204-090 binding is higher than 
[125I]CGP 23996 binding in the following structures: 
locus coeruleus, central gray, hypothalamic nuclei, en- 
torhinal cortex and cerebellum. In the brain of E 18 
rats, [12511204-090 binding appears generally to be 
higher than [125I]CGP 23996 in several regions espe- 
cially in the mes- and myelencephalon. It should be 
noticed that in no brain region did we notice the 
presence of [125I]SRIF-28 binding in the absence of 
[12511204-090 or [125I]CGP 23996 binding: this would 
suggest either that all sites labelled by [125I]SRIF 28 
are recognized by one or the other of [12511204-090 or 
[125I]CGP 23996, or that a site not recognized by the 
latter two ligands but labelled by [125I]SRIF 28 co- 
localizes with [12511204-090 and/or  [125I]CGP 23996 
labelled sites. This cannot be excluded, since the rule 
at least for SRIF receptor mRNA appears to be co-dis- 
tribution (see Tables 1 and 2) or even co-localization in 
single cells (P6rez and Hoyer, 1995). 

Previously, we have shown in adult rat brain that 
[12511204-090 binding sites and sst2 mRNA show an 
overlapping pattern (see Schoeffter et al., 1995). This 
may be less obvious here since some of the nuclei 
labelled with [12511204-090 (e.g. layers IV-VI of the 
entorhinal cortex, central gray, molecular layer of the 
cerebellum) show comparatively little sst 2 mRNA ex- 
pression. However, in general sst 2 mRNA and 
[12511204-090 binding show a reasonable agreement (see 
also Fig. 4). For instance, all neuroepithelia of E 18 
rats showing a strong expression of sst 2 mRNA display 
strong labelling with [12511204-090. By contrast, no par- 
allel can be observed between any specific SRIF recep- 
tor mRNA and [125I]CGP 23996 binding, confirming if 
needed that [125I]CGP 23996 labels multiple sites. 

It has been suggested that during brain development 

T a b l e  2 ( c o n t i n u e d )  

A r e a  ( t a b l e  2) S R I F - 2 8  204-090  C G P 2 3 9 9 6  sst I ss t  2 sst  3 sst  4 sst  5 

Diencephalon 
E p i t h a l a m u s  

M e d i a l  h a b e n u l a  + + + + + + + + + + + - + + + + + + + + + 

T h a l a m u s  

A n t e r o d o r s a l  n u c l e u s  + + + + + + + + + + + + + + + 

P a r a t e n i a l  n u c l e u s  + + + + + + + + + N . D .  - 

H y p o t h a l a m u s  

A r c u a t e  + + + + + + + - + + + + 

V e n t r o m e d i a l  n u c l e u s  + + + + + + + N . D .  + + + + - 

Mesencephalon 
C e n t r a l  g r e y  + + + + + + + + + N . D .  + + - - 

S u p e r i o r  c o l l i c u l u s  + + + + + + + + + + - - 

S u b s t a n t i a  n i g r a  + + + + + + + + + + - + + - 

Metencephalon 
C e r e b e l l u m  

M o l e c u l a r  l aye r  + + + + + + + - - N . D .  N . D .  N . D .  

E x t e r n a l  g r a n u l a r  l a y e r  + + + + + + + + + + + + + + + + + + + 

P u r k i n j e  ce l l s  . . . . .  + + + + + + + 

L o c u s  c o e r u l e u s  + + + + + + + + - + + + + + + + - 

s s t l _  5 m R N A  d a t a  a r e  f r o m  T h o s s  e t  al. (1995) ;  N . D .  = n o t  d e t e r m i n e d .  
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S R I F  may  be  involved in ear ly  synaptogenes i s ,  p ro l i fe r -  
a t ion  of  ce r ebe l l a r  neurob las t s ,  axon pa th  f inding 
a n d / o r  as a t r o p h i c  fac tor  (Bul loch,  1987; Chun  et  al., 
1987; G o n z a l e z  et  al., 1992; B o d e n a n t  et  al., 1993). 
Based  on the  p r e s e n t  f indings,  one  could  suggest  tha t  
ss t  2 r ecep to r s  a re  expressed  in ra t  b r a in  be fo re  b i r th  
and  p lay  an i m p o r t a n t  role  in p ro l i fe ra t ive  areas .  The  
sst 2 r e c e p t o r  may  also have a rea -spec i f i c  funct ions  
dur ing  d e v e l o p m e n t  especia l ly  in the  c e r e b e l l u m  (see  
Fig.  4), whe re  a s t rong signal  for sst 2 m R N A  and  
[125I]204-090 b ind ing  can  be  observed .  Thus ,  this  would  
imply tha t  sst2 r e c e p t o r s  cou ld  poss ibly  be  r e spons ib le  
for the  d i rec t  inhib i tory  effect  of  soma tos t a t i n  on neu-  
roblas t  activity r e p o r t e d  by G o n z a l e z  et  al. (1992). In  
the  adu l t  rat ,  n e i t he r  sst 2 m R N A  express ion  nor  
[125 I]204-090 b ind ing  a re  p r e s e n t  at  such high dens i t ies  
(Piwko et  al., 1995). T h e  same t r ans i en t  express ion  of  
S R I F  r ecep to r s  was r e p o r t e d  for  the  h u m a n  ce rebe l -  
lum ( L a q u e r r i e r e  et  al., 1992, 1994) and  the  ra t  cere-  
be l lum using [125I][Tyr°,D-Trp]SS14 ( G o n z a l e z  et  al., 
1988). T h e  p r e s e n t  da t a  a re  to some extent  r emin i scen t  
of  those  of  M a u b e r t  e t  al. (1994). T h e s e  au thor s  re-  
p o r t e d  a very ear ly  bu t  t r ans ien t  express ion  of  r ecep-  
tors  in the  neu ra l  tube  of  the  deve lop ing  rat .  T h e s e  
si tes which mos t  p robab ly  be long  to the  sst 2 a n d / o r  
the  sst 5 type,  a re  d e t e c t e d  as ear ly  as at E 10, they  
show a m a r k e d  p e a k  at  E 1 3 / E  15 in the  neura l  t ube  
and  the  dorsa l  roo t  gangl ia  to eventua l ly  r e tu rn  to very 
low or  u n d e t e c t a b l e  levels at  the  adu l t  stage.  F r o m  the  
p r e s e n t  p a p e r  it is c lea r  tha t  s ignif icant  levels of  b ind-  
ing a re  d e t e c t e d  in the  ra t  b r a i n  at  E 18 (s imi lar  levels 
were  found  at  E 17, da t a  not  shown) whichever  radio l i -  
gand  is used.  However ,  the  p e a k  is no t  r eached ,  s ince 
b ind ing  is still high at P 1 (not  shown) and  still signifi- 
cant  at  P 5. In  fact,  [125I]CGP 23996 b ind ing  still 
increases  somewha t  in var ious  b ra in  a reas  b e t w e e n  E 
18 and  P 5. A r educ t ion  in b ind ing  occurs  only la ter .  
Similarly,  at  the  m R N A  level we observe  t i m e - d e p e n -  
den t  changes ,  bu t  aga in  the  peaks  a re  r e a c h e d  af te r  
r a the r  than  be fo re  b i r th  (see Thoss  et  al., 1995). Some 
r ecep to r s  s eem to be  expres sed  only a r o u n d  or  even 
a f te r  b i r th  (sst 4 and  sst 5 r e c e p t o r  m R N A s ,  respec-  
tively). However ,  the  in situ hybr id iza t ion  d a t a  need  to 
be  con f i rmed  at  the  p ro t e in  level s ince to our  knowl-  
edge ,  a posi t ive  iden t i f i ca t ion  of  b ra in  sst 4 or  sst 5 
r e c e p t o r  p ro t e in  has  no t  ye t  b e e n  es tab l i shed .  

In  conclus ion,  b ra in  S R I F  r e c e p t o r  b ind ing  and  
m R N A  levels inc rease  dur ing  deve lopmen t ;  this  is es- 
pecia l ly  ev iden t  for  sst 4 and  sst 5 m R N A  and  for  
[ lzs I ]CGP 23996 b inding .  O n  the  o t h e r  h a n d  it seems  
tha t  the  p a t t e r n  of  express ion  of  a given r e c e p t o r  does  
no t  change  d rama t i ca l ly  b e t w e e n  the  foeta l  and  ear ly 
life. The  changes  obse rved  in sst 4 and  especia l ly  sst 5 
m R N A  express ion  need  to be  subs t an t i a t ed  at  the  
r e c e p t o r  p ro t e in  level. This  s tudy also conf i rms  tha t  
[125I]204-090 and  [125I]CGP 23996 label  d i f fe ren t  sites. 

H ow e ve r  it is c lear  tha t  [a25I]CGP 23996 b inds  several  
S R I F  r ecep to r s  in the  bra in ,  at leas t  u n d e r  the  condi-  
t ions used  here .  

References 

Bell, G.I. and T. Reisine, 1993, Molecular biology of somatostatin 
receptors, Trends Pharmacol. Sci. 16, 34. 

Bito, H., M. Mori, C. Sakanaka, T. Takano, Z. Honda, Y. Gotoh, E. 
Nishida and T. Shimizu, 1994, Functional coupling of SSTR4, a 
major hippocampal somatostatin receptor, to adenylate cyclase 
inhibition, arachidonate release, and activation of the mitogen- 
activated protein kinase cascade, J. Biol. Chem. 269, 12722. 

Bodenant, C., P. Leroux, B.J. Gonzalez and H. Vaudry, 1991, Tran- 
sient expression of somatostatin receptors in the rat visual system 
during development, Neuroscience 41, 595. 

Bodenant, C., P. Leroux and H. Vaudry, 1993, Localization of 
somatostatin receptors in subcortical visual centers of the rat 
during development. Effect of enucleation on the expression of 
somatostatin receptors, Neuroscience 53, 1097. 

Bruno, J.F., Y. Xu, J. Song and M. Berelowitz, 1993, Tissue distribu- 
tion of somatostatin receptor subtype messenger ribonucleic acid 
in the rat, Endocrinology 133, 2561. 

Bulloch, A.G.M., 1987, Somatostatin enhances neurite outgrowth 
and electrical coupling of regenerating neurons in Helisoma, 
Brain Res. 412, 6. 

Buscail, L., N. Delesque, J.P. Esteve, N. Saint Laurent, H. Prats, P. 
Clerc, P. Robberecht, G.I. Bell, C. Liebow, A.W. Schally, N. 
Vaysse and C. Susini, 1994, Stimulation of tyrosine phosphatase 
and inhibition of cell proliferation by somatostatin analogues: 
mediation by human somatostatin receptor subtypes SSTR1 and 
SSTR2, Proc Natl. Acad. Sci. 91, 2315. 

Chun, J.J.M., M.J. Nakamura and C.J. Shatz, 1987, Transient cells of 
the developing mammalian telencephalon are peptide-immuno- 
reactive neurons, Nature 325, 617. 

Epelbaum, J., 1986, Somatostatin in the central nervous system: 
physiological and pathological modifications, Prog. Neurobiol. 27, 
63. 

Epelbaum, J. and J. Bertherat, 1993, Localization and quantification 
of somatostatin receptors by light microscopic autoradiography, 
Methods Neurosci. 12,279. 

Epelbaum, J., P. Dournaud, M. Fodor and C. Viollet, 1994, The 
neurobiology of somatostatin, Crit. Rev. Neurobiol. 8, 25. 

Gonzalez, B.J., P. Leroux, A. Laquerriere, D.H. Coy, C. Bodenant 
and H. Vaudry, 1988, Transient expression of somatostatin recep- 
tors in the rat cerebellum during development, Dev. Brain Res. 
40, 154. 

Gonzalez, B.J., P. Leroux, C. Bodenant, A. Laquerriere, D.H. Coy 
and H. Vaudry, 1989, Ontogeny of somatostatin receptors in the 
rat brain: Biochemical and autoradiographic study, Neuroscience 
29, 629. 

Gonzalez, B.J., P. Leroux, C. Bodenant, P. Braquet and H. Vaudry, 
1990, Pharmacological characterization of somatostatin receptors 
in the rat cerebellum during development, J. Neurochem. 55, 729. 

Gonzalez, B.J., P. Leroux, C. Bodenant and H. Vaudry, 1991, On- 
togeny of somatostatin receptors in the rat somatosensory cortex, 
J. Comp. Neurol. 305, 177. 

Gonzalez, B.J., P. Leroux, M. Lamacz, C. Bodenant, R. Balazs and 
H. Vaudry, 1992, Somatostatin receptors are expressed by imma- 
ture cerebellar granule cells: evidence for a direct inhibitory 
effect of somatostatin on neuroblast activity, Proc. Natl. Acad. 
Sci. USA 89, 9627. 

Hoyer, D., H. Lfibbert and C. Bruns, 1994, Molecular pharmacology 



V.S. Thoss et al. / European Journal of Pharrnacology 297 (1996) 145-155 155 

of somatostatin receptors, Naunyn-Schmied. Arch. Pharmacol. 
350, 441. 

Hoyer, D., J. P6rez, D. Langenegger, E. Schiipbach, K. Kaupmann, 
H. Liibbert, C. Bruns and J.C. Reubi, 1995a, Pharmacological 
identity between somatostatin SS-2 binding sites and SSTR-1 
receptors, Eur. J. Pharmacol. Mol. Pharmacol. Sect. 289, 151. 

Hoyer, D., G.I. Bell, M. Berelowitz, J. Epelbaum, W. Feniuk, P.P.A. 
Humphrey, A.M. O'Carroll, Y.C. Patel, A. Schonbrunn, J.E. 
Taylor and T. Reisine, 1995b, Classification and nomenclature of 
somatostatin receptors, Trends Pharmacol. Sci. 16, 86. 

Kaupmann, K., C. Bruns, D. Hoyer, K. Seuwen and H. Liibbert, 
1993, Distribution and second messenger coupling of four so- 
matostatin receptor subtypes expressed in brain, FEBS Lett. 331, 
53. 

Kong, H., A.M. DePaoli, C.D. Breder, K. Yasuda, G.I. Bell and T. 
Reisine, 1994, Differential expression of messenger RNAs for 
somatostatin receptor subtypes SSTR1, SSTR2 and SSTR3 in 
adult rat brain: analysis by RNA blotting and in situ hybridization 
histochemistry, Neuroscience 59, 175. 

Lachowicz, A., M. Pawlikowski and T. Ochedalski, 1994, Somato- 
statin-14 increases the inositol-l,4,5-triphosphate content in vari- 
ous areas of the brain, Biochem. Biophys. Res. Commun. 203, 
379. 

Laquerriere, A., P. Leroux, B. Gonzalez, C. Bodenant, J Tayot and 
H. Vaudry, 1992, Somatostatin receptors in the human cerebel- 
lum during development, Brain Res. 573, 251. 

Laquerriere, A., P. Leroux, C. Bodenant, B. Gonzalez, J. Tayot and 
H. Vaudry, 1994, Quantitative autoradiographic study of somato- 
statin receptors in the adult human cerebellum, Neuroscience 62, 
1147. 

Leroux, P., R. Quirion and G. Pelletier, 1985, Localization and 
characterization of brain somatostatin receptors as studied with 
somatostatin-14 and somatostatin-28 receptor autoradiography, 
Brain Res. 347, 74. 

Martin, J.L, M.F. Chesselet, K. Raynor, C. Gonzales and T. Reisine, 
1991, Differential distribution of somatostatin receptor subtypes 
in rat brain revealed by newly developed somatostatin analogs, 
Neuroscience 41,581. 

Maubert, E., A. Slama, P. Ciofi, C. Viollet, G. Tramu, J.P. Dupouy 
and J. Epelbaum, 1994, Developmental patterns of somatostatin- 
receptors and somatostatin-immunoreactivity in the rat, Neuro- 
science 62, 317. 

Patel, Y.C., M.T. Greenwood, A. Warzynska, R. Panetta and C.B. 
Srikant, 1994, All five cloned human somatostatin receptors (hS- 
STR1-5) are functionally coupled to adenylyl cyclase, Biochem. 
Biophys. Res. Commun. 198, 605. 

Paxinos, G. and C. Watson, 1986, The Rat Brain in Stereotaxic 
Coordinates, 2nd edn. (Academic Press, San Diego). 

Paxinos, G., I. T6rk, L. Tecott and K. Valentino, 1991, Developing 
Rat Brain (Academic Press, San Diego). 

P6rez, J. and D. Hoyer, 1995, Coexpression of somatostatin SSTR-4 
and SSTR-3 receptor mRNAs in the rat brain, Neuroscience 64, 
241. 

P6rez, J., M. Rigo, C. Kaupmann, C. Bruns, K. Yasuda, G.I. Bell, H. 
Liibbert and D. Hoyer, 1994, Localization of somatostatin (SRIF) 
SSTR-1, SSTR-2 and SSTR-3 receptor mRNA in rat brain by in 
situ hybridization, Naunyn-Schmied. Arch. Pharmacol. 349,145. 

Piwko, C., V.S. Thoss and D. Hoyer, 1995, Localization and phar- 
macological characterization of somatostatin SSTR-2 sites in the 
rat cerebellum, Naunyn-Schmied. Arch. Pharmacol. 352, 607. 

Raulf, F., J. P6rez, D. Hoyer and C. Bruns, 1994, Differential 
expression of five somatostatin receptor subtypes, SSTR1-5, in 
the CNS and peripheral tissue, Digestion 55 (Suppl. 3), 46. 

Raynor, K., W.A. Murphy, D.H. Coy, J.E. Taylor, J.-P. Moreau, K. 
Yasuda, G.I. Bell and T. Reisine, 1993a, Cloned somatostatin 
receptors: identification of subtype-selective peptides and demon- 
stration of high affinity binding of linear peptides, Mol. Pharma- 
col. 43, 838. 

Raynor, K., A.-M. O'Carroll, H. Kong, K. Yasuda, L.C. Mahan, G.I. 
Bell and T. Reisine, 1993b, Characterization of cloned somato- 
statin receptors, Mol. Pharmacol. 44, 385. 

Reichlin, S., 1983, Somatostatin, New Engl. J. Med. 309, 1495; 1556. 
Reisine, T., 1990, Cellular mechanisms of somatostatin inhibition of 

calcium influx in the anterior pituitary cell line AtT-20, J. Phar- 
macol. Exp. Ther. 254, 646. 

Reubi, J.-C., 1984, Evidence for two somatostatin-14 receptor types 
in rat brain cortex, Neurosci. Lett. 49, 259. 

Reubi, J.-C., 1985, New specific radioligand for one subpopulation of 
brain somatostatin receptors, Life Sci. 36, 1829. 

Reubi, J.C. and J.A. Laissue, 1995, Multiple actions of somatostatin 
in neoplastic disease, Trends Pharmacol. Sci. 16, 110. 

Reubi, J.-C. and R. Maurer, 1986, Different ionic requirements for 
somatostatin receptor subpopulations in the brain, Reg. Pept. 14, 
301. 

Schloos, J., F. Raulf, G. Engel, D. Hoyer and C. Bruns, 1995, 
Identification and characterization of somatostatin receptors in 
rat lung tissue, Br. J. Pharmacol. 114, 49P. 

Schoeffter, P., J. P6rez, D. Langenegger, E. Schiipbach, H. Liibbert, 
C. Bruns and D. Hoyer, 1995, Characterization and distribution 
of somatostatin SS-1 and SRIF-1 binding sites in rat brain: 
identity with SSTR-2 receptors, Eur. J. Pharmacol. Mol. Pharma- 
col. Sect. 289, 163. 

Thoss, V.S., J. P6rez, D. Duc and D. Hoyer, 1995, Embryonic and 
postnatal mRNA distribution of five receptor subtypes in the rat 
brain, Neuropharmacology 34, 1673. 


