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Preface

This volume is the third in this series on neurotransmitter receptors. The first two dealt
with receptors for classical neurotransmitters and with receptors for other neuro-
peptides. This volume extends and updates the information on peptide receptors, and
it complements chapters on some of the peptides themselves in earlier volumes.

The peptides, from angiotensin to vasoactive intestinal peptide, are striking in the di-
versity of their origins, discoveries and actions. Atrial natriuretic peptide is produced
by the cardiac atria, bombesin by the frog skin, CRH by the hypothalmus, and galanin
by the small intestine; they are also found in many other organs including the brain.
Angiotensin has the central action of stimulating drinking behavior but also has peri-
pheral actions on smooth muscle and kidney. CRH acts at the pituitary but has more
central behavioral effects as well. Some of these peptides such as neuropeptide Y are
very abundant in brain while others are not. The fact that the brain displays such variety
is both staggering and challenging.

This apparent diversity multiplies when it is realized that there are entire families of
closely related peptides in many cases, and that each peptide may act at a variety of
receptor subtypes. For example, calcitonin and calcitonin gene-related peptide are pro-
cessing variants of the same gene, and somatostatin receptors are target sites for a family
of peptides.

Regarding multiple or subtypes of receptors, it seems certain that more is to come
in the future. This volume is basically a compilation of ‘high affinity’ receptors for
agonists since we are using the neuropeptides themselves as ligands. Perhaps significant
numbers of low affinity receptors exist that are not easily recognized under the binding
and washing conditions employed. As peptide receptors are further understood and as
antagonists are developed, additional families or subtypes of receptors may be identified
and mapped with resultant increases in our ideas about their functions.

Mapping receptors helps us understand the neuronal sites of action and hence the
physiological effects of the peptides. It also provides us with an additional perspective
by which we view the biochemical organization of the brain. It is our hope that these
organized chapters help us utilize and deal with the abundant knowledge on this topic
as well as to incorporate this knowledge for future advances.

Finally we acknowledge our good fortune in having an excellent group of authors,
each expert in their respective areas. They have addressed the diversity of neuropeptides
and their receptors and have produced excellent state-of-the-art chapters. We thank
them for their patient and thorough efforts in producing this fine volume. Also, warm
thanks go to our friends at Elsevier who with never failing enthusiasm and great profes-
sional competence have made this volume possible.

Lund, Stockholm and Baltimore in May 1992

ANDERS BJORKLUND TOMAS HOKFELT MICHAEL J. KUHAR
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CHAPTER 1

Localization of angiotensin receptor binding sites
in the rat brain

A.M. ALLEN, G. PAXINOS, K.F. SONG AND F.A.O. MENDELSOHN

1. INTRODUCTION

Angiotensin (Ang) is a circulating hormone with potent actions on vascular smooth
muscle, renal function and the adrenal gland (see Peach 1977). Ang also has central ac-
tions including stimulation of drinking behaviour, regulation of the central control of
the autonomic nervous system, and stimulation of the release of both anterior and pos-
terior pituitary hormones (see Phillips 1987). Overall these actions relate to the mainte-
nance of fluid and electrolyte homeostasis and cardiovascular function. However, some
more diverse actions, including effects on learning and memory (Koller et al. 1975; Ba-
ranowska et al. 1983), have been observed following manipulation of the central renin-
angiotensin system.

Initially the central actions of Ang were thought to be mediated solely by circulating
Ang Il acting at the circumventricular organs. These specialized brain regions are acces-
sible to circulating Ang because they have a deficient blood-brain barrier (Simpson
1980: McKinley et al. 1990). Several of the circumventricular organs, including the sub-
fornical organ. vascular organ of the lamina terminalis (OVLT), median eminence and
area postrema, are rich in Ang receptor binding sites (Van Houten et al. 1980; Mendel-
sohn et al. 1984), and electrophysiological studies show that neurons in the subfornical
organ are excited by Ang Il administered intravenously (Ishibashi et al. 1985; Ferguson
and Renaud 1986).

The discovery that all components of the renin-angiotensin system occur in brain
(Yang and NefT 1972; Hirose et al. 1978; Lewicki et al. 1978; Ganten et al. 1983) led
to the proposal of an endogenous brain renin-angiotensin system. Supporting this, Ang-
like immunoreactive neurons, Ang receptor binding sites and Ang responsive neurons
have been demonstrated at sites within the blood-brain barrier (see Lind 1987). In addi-
tion. microinjection of Ang Il into several restricted regions behind the blood-brain pro-
duces pressor, dipsogenic. cardiovascular and neuroendocrine actions (see Phillips
1987).

The concept of an endogenous brain angiotensin system was not readily accepted. The
isolation of Ang Il from brain proved difficult, presumably due to the rapid degradation
of this peptide (Harding et al. 1986; Abhold and Harding 1987) and its low concentra-
tion. However, several groups have isolated material from brain which behaves like syn-
thetic Ang I in radioimmunoassay and radioreceptor assay (Ganten et al. 1983; Simon-
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