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Preface

The first neuroactive peptides to be structurally identified in the central nervous sysiemn
were vasopressin and oxytocin (Du Vigneaud et al. 1953a,b). At that time, these peptides
were viewed as hormones, and the so-called neurosecretory neurons (Bargmann and
Scharrer 1951) which produce them were thought to be exceptional in that they secrete
their products in an endocrine manner into the bloodstream. The current upsurge of
interest in the role of small peptides as transmitter candidates or neuromodulatory com-
pounds dates back to the early 1970’s. Of great importance for this development was
the discovery by Guillemin, Schally, Vale and their collaborators that the hypothalamic
releasing and inhibitory hormones, originally postulated by Harris in 1955 — in terms
of their chemistry — belong to the group of small peptides. Thus, thyrotropin releasing
hormone (TRH) turned out to be a tripeptide (Beler et al. 1969; Burgus et al. 1969),
the luteinizing hormone releasing hormone (LHRH) a decapeptide (Amoss et al. 1971,
Matsuo et al. 1971; Schally et al. 1971), and somatostatin, the growth hormone release
inhibiting hormone, a tetradecapeptide (Brazeau et al. 1971).

At about the same time, Leeman and collaborators (Chang et al. 1971) were able to
chemically characterize a compound, substance P, which was already discovered in 1931
by Von Euler and Gaddum. Substance P was also found to be a peptide, an undecapep-
tide. Using radioimmunoassay and immunohistochemistry, it was demonstrated that
these peptides occur in neurons not only in the hypothalamus but also in wrdesnread
areas of the central nervous system, and in several cases also in peripheral reuron:.

These discoveries drew attention to other peptide hormones that had been isolated
and structurally characterized much earlier, for example cholecystokinin (C'CK), first
described by Mutt and Jorpes in 1968. In fact, the demonstration of gastrin/CCK-like
immunoreactivity in the brain by Vanderhaeghen and coworkers (1975) showed that a
polypeptide which so far had been associated only with endocrine functions in the
periphery, could also be present in the central nervous system. These and many other
findings were the basis for the growing interest in and formulation of the concept of
the brain-gut axis. ’

During the seventies and eighties, numerous other neuronal peptides have been dis-
covered. Snyder (1980), discussing a possible transmitter role of peptides in the central
nervous system, predicted that their number may well be several hundred, and the develop-
ment since then has supported that prediction. In fact, an important issue has been the
realization that families of peptides may exist. One example is the dramatic progress in
the field of opioid peptides, starting with the discovery by Hughes, Kosterlitz and colla-
borators (1975) of two pentapeptides, the enkephalins, with opioid activity in the brain.
Thanks to the work of many groups, notably Eipper and Mains 1nd the teams around
Chreétien, Goldstein, Herbert and Numa. this rescurch nas resciic. 7 less than a decade
in a fairly complete knowledge of the precursor molecules not only of these two penta-
peptides but also of two other opioid peptide precursors, and the description of a large
number of biologically active cleavage products arising from these compounds (see
Weber et al. 1983).

Furthermore, evidence has been presénted that substance P is not the only tachykinin
present in the mammalian nervous system, but that there ire several compounds belong-
ing to this peptide family. Thus, substance P and substance K are two peptides coded
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Preface

for by the same gene: in addition, there arc other tachykinins (Kangawa et al. 1983; Ki-
mura et at. 1983; Nawa et al. 1983 Minamino et al. 1984, Tatemoto et al. 1985).

New powerful techniques have cont: buted to these advancements and to the explo-
stve development in the peptide field. Thus, in addition to classical purification methods
starting with huge amounts of tissue and purification steps monitored by parallel bio-
assay, there are now more chemically oriented methods. depending on for example, iso-
lation of peptides containing C-terminal amide groups (Tatemoto and Mutt 1980). The
DNA recombinant technology is now rapidly being introduced in the field of neurobio-
logy. The discovery of a calcitonin genc related peptide (CGRP) (Amara et al. 1982;
Rosenfeld et al. 1983) with powerful 2 tons in the central and peripheral nervous sys-
tems represents a major breakthrough demonstrating the potential of this approach.

The Neuropeptides volumes of the Handbook of Chemical Neuroanatomy deal with the
structural organization of neuropeptide-containing neuronal systems in the CNS, as re-
vealed primarily by the immunohistochemical technique. In the second of the two Neu-
ropeptide volumes so far planned. we have also included chapters dealing with peptide
receptor localization based on the ligand binding techniques. Peptide distributions in
peripheral tissues are covered in the Peripheral Nervous System volume of This Series.

The present volume also includes a major chapter by Mugnaini and Oertel on GABA
nearons in the CNS s revealed by an antiserum raised against the GABA-synthesizing
enzyme. glutamic acid decarboxylase (GAD). This chapter was originally planned for
Volume 3. but due to the extensive work the authors had to mvest in this chapter - re-
flecting the vast and complex distribution of the GABAergic system throughout all parts
of the CNS - we chose to include it in the present volume. This chapter, which should
be studied in conjunction with the chapters by Ottersen and Storm-Mathisen and by
MeGeer and collaborators in Volunie 3, gives a unique overview of putative GABAergic
neurons 1 the CNS and contains a wealth of previously unpublished material, including
the first complete mapping of GAD in the rat CNS.

The term ‘neuropeptide’ 1s as yet poorly defined. The compounds included here share
localizational features in that: (1) they are neuron-specific (although they oecur in endo-
crine and paracnne types of cells as well); (2) they are characteristic for defined subsets
of neurons, 1 ¢ tor some but not ail nevrons: and (31 they are likely to be secretory prod-
ucts of these neuronal subsets. Functiomally, the compounds we now include among the
neuropeptides mav on the other hand tarn out to be guite heterogeneous. For some
of the most studied peptides, such as vasopressin, voxytocin and the hvpophysiotrophic
peptides. at least part ot therr biological properties (in particular their neurohormonal
:ctions) are well known. But even so, the role of neuropeptides in ncuronal communica-
tion is only beginning to be unraveled. This problem is particularly evident for individu-
al members of the “peptide families’ such as the opioid peptide, substance P or the pan-
creatic polypepude tamilies mentioned above. It is possible, or perhaps even likely, that
only some of these neuropeptides will turn out to possess neurotransmitter- or neuromo-
dulator-type actions, while others may exert e.g. trophic, metabolic or vascular effects.

Regardioss oof therr funcuon, however, the neuropepides have become imporiaid o
chemical “tags™ for the study of neuronal circuntries. Thus, the neuropeptides and the
neuropeptide families serve to label subsets of neurons that are. or are likely to be. func-
tonally related, and sensitive and specific antibodies ratsed against the purified or syn-
thetic compounds are today important (ools for selective immunohiiochemical visuali-
sation of such neuronal subsets. The availabiiity of an increasing repertoire of
neuropeptide antisera has in fact been of great importance for the rupid development
ol chemical neuroanatomy over the last decade.
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The immunohistochemical visualization of peptide-containing neurons forms the ba-
sis of most chapters in the present volume. While this has proved to be a powerful
approach, there are definite interpretational problems inherent to the technique which
are important to bear in mind, viz. the shortcomings of the immunological recognition
mechanisms which underlie the attachment of the antibodies to antigens in the tissue.
Thus, most antibodies used recognize only a small part of a peptide molecule, and it
is well known that such antigenic determinant parts may be shared by several different
(although sometimes related) peptides. Specificity is therefore frequently a difficult
problem in the interpretation of immunohistochemical pictures. In some fields, such as
the opioid peptide or the pancreatic polypeptide family, this has been gradually sorted
out through the combined use of antibodies directed against different parts of a mole-
cule or against different related molecules. However, in other cases, e.g. the gastrin/
CCK family of peptides or the tachykinin family of peptides, much work obviously re-
mains in order to establish the diversity and identity of immunohistochemically visual-
ized compounds. This elementary feature of antibody-based staining is the reason why
most authors chose to characterize their observed material as (peptide)-like immuno-
reactivity. This is particularly warranted in microscopic material, where high concentra-
tions of antiserum are used and where the tissue most often is exposed to fixatives (such
as formaldehyde or glutaraldehyde) which can modify or significantly alter the chemical
structure of the compounds under study.

Peptide research has a strong tradition in Sweden. Substance P, in a broad sense one
of the best characterized neuronal peptides, was discovered by Von Euler and Gaddum
in 1931. Borje Uvnis and his collaborators have been working since the sixties on the
physiology and pharmacology of gastrointestinal hormones. Viktor Mutt and his col-
leagues have for decades played a leading role in the work of isolating peptides from
the gastrointestinal tract and, much based on their discoveries, an intense peptide re-
search has been going on since the beginning of the seventies at Swedish Universities,
especially at the Karolinska Institutet and in Lund.

The two volumes ‘Neuropeptides in the CNS' are dedicated to three of the pioneer
Swedish scientists who have been of special importance to us and the development in
this research area. They are Rolf Luft, Bengt Pernow and Viktor Mutt. Viktor Mutt,
Professor of Biochemistry at Karolinska Institutet, has discovered more than a dozen
peptides, mainly by isolation from the gastrointestinal tract. Among these peptides are
cholecystokinin, vasoactive intestinal polypeptide (VIP), neuropeptide Y, peptide HI
and peptide YY. Through his work and extreme generosity, laboratories not only in
Sweden but all over the world have benefited greatly and obtained peptides for their
research. Uncountable numbers of papers have been published based on peptides pro-
vided by Viktor Mutt and his associates.

Initiation of research in a new area is often the result of the insight and foresight of
single individuals. Thus, the explosive development of peptide research in Sweden was
much dependent on the imitiative of Proiessor Bengt Pernow and Professor Rolf Lufi.
. the ocginning of the 19707 1o irnong the first 1o realize the interesting new
opportunities that were opeiung up i e necuropeptide field. Bengt Pernow, Professor
of Clinical Physiology at the Karolinska Hospital, wrote his now classical thesis on sub-
stance P (Pernow 1953) in the mid fifties, working in Ulf von Euler’s laboratory. When
Susan Leeman and her collaborators in 1971 sequenced substance P, Pernow realized
the full potential of this discovery and initiated a new dynamic phase of substance P
research which was then transmitted to many laboratories in Sweden, including our
own. He recently summarized the progress in the substance P field in a review article
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in Pharmacological Reviews (Pernow 1983). Rolf Luft was the first Professor of Endocri-
nology in Sweden, and already in the late forties he carried out work related te hypotha-
lamic control of anterior pituitary hormone secretion. As a leading scientist in the field
of diabetes, he became interested in somatostatin and initiated work at the Karolinska
Institutet on the distribution and functional role of this peptide not only as a hypotha-
lamic hormone but also, surprisingly, with regard to its mvolvement in the function of
the endocrine pancreas (Luft et al. 1974).

It is an honour and pleasure to dedicate the neuropeptide volumes to these three pio-
neers and friends, who have been of great importance not only for our own research
but for biomedical research in Sweden in general.

Lund and Stockholm in July 1985

ANDERS BJORKLUND TOMAS HOKFELT
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