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Abstract. The aim of the article is to describe our work on peptides discovered in Dr. Mutt’s laboratory, particularly galanin. Some
personal recollections of meetings with Viktor Mutt and a brief overview of early neuropeptide research at Karolinska Institutet are
provided. General aspects on neuropeptide signalling and neuropeptide—neurotransmitter coexistence are followed by the presentation
of a possible involvement of the galanin system in pain and depression. Special emphasis is on the role of galanin in the rat and
human locus coeruleus. Additional analyses of the human postmortem brains have given results on galanin and other peptides both
in the normal prefrontal cortex as well as in different brain regions of depressed patients who have committed suicide and in control
subjects. Possible options for developing treatment strategies for pain and depression based on galaninergic mechanisms are discussed.
Finally, some recent drugs approved by the FDA for the treatment of conditions such as migraine, which target the signalling of other
peptides, are highlighted. In conclusion, the aim of the article is to highlight the potential of the large group of neuropeptides as
targets for the development of drugs that may further help patients with illnesses afflicting the nervous system.

Keywords: chemical neuroanatomy, neuropeptides, transmitter coexistence.

INTRODUCTION

My lecture at the Estonian Academy of Sciences has
allowed me to remember and reflect on my interactions
with Viktor and on our work on his peptides. Viktor Mutt’s
contribution to our understanding of the existence and role
of hormonal peptides and neuropeptide transmitters in
bodily functions represents a milestone in biomedical
research. Viktor himself reviewed his work on two occa-
sions, several decades ago, at a time when it was difficult
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to comprehend the full significance of neuropeptide sig-
nalling (still is!) (Mutt 1982; Mutt 1990). More recently,
his work has been reviewed from a biochemical point of
view by his close associates (Jornvall et al. 2008).
Before the start of our collaboration, Viktor had re-
ported on the structure of cholecystokinin (CCK) (Mutt
and Jorpes 1968), and later, vasoactive intestinal peptide
(VIP) (Said and Mutt 1970; Mutt and Said 1974) and
gastrin releasing peptide (GRP) (McDonald et al. 1978)
were discovered. The early 1980s then emerged as an

! This article is based on the lecture presented by Tomas Hokfelt at a conference held at the Estonian Academy of Sciences, Tallinn, on
19 January 2024, commemorating the 100th birthday of Viktor Mutt. The first-person narrative is used when Tomas Hokfelt describes
his personal recollections of Viktor Mutt and the events related to his legacy.
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exciting and fruitful period in Viktor’s laboratory, based
on the strategy to search for C-terminally amidated pep-
tides (Tatemoto and Mutt 1978), and, working with his
PhD student Kazuhiko Tatemoto and other colleagues,
several new peptides were discovered, including peptide
HI (PHI) (Tatemoto and Mutt 1980), neuropeptide Y (NPY)
(Tatemoto et al. 1982) and galanin (Tatemoto et al. 1983).

In this review, we will focus on the last peptide,
galanin, and its three receptors GalR1-3 (Lang et al. 2015).
Progress in the galanin field has been reported at three
symposia: (i) Hokfelt et al. 1991; (i) Hokfelt et al. 1998
(this symposium was held before Viktor passed away, so
in his presence, but in the same year) (Fig. 1); (iii) Hokfelt
and Crawley 2005; and in a book (Hokfelt 2010), as well
as in review articles with a focus on galanin in the nervous
system (only reviews from the last ten years are included)
(Diaz-Cabiale et al. 2014; Holmes 2014; Freimann et al.
2015; Lang et al. 2015; Weinshenker et al. 2016; Millon
etal. 2017; He et al. 2017; Sipkova et al. 2017; Hokfelt et
al. 2018; Genders et al. 2020; Oliveira Volpe et al. 2020;
Demsie et al. 2020; Mills et al. 2021; Ullrich and Mac
Gillavry 2021; Fonseca-Rodrigues 2022; Zhu et al. 2022).
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In Hokfelt et al. (1991), Bertil Aberg (1925-1992),
one of Sweden’s leading figures in the biomedicine field
as a scientist, as a pioneer in Swedish biotechnology and
as an industrial leader, wrote a foreword to ‘Viktor Mutt’.
Similarly, in Hokfelt et al. (1998), Torvard Laurent
(1930-2009), a distinguished professor in biochemistry at
Uppsala University and Secretary of the Wenner-Gren
Foundations, wrote an ‘In Memoriam’. These texts rep-
resent personal and wonderful accounts of Viktor’s life
and achievements by two giants in the Swedish academic
life. Their contributions will directly follow this article as
Appendix A and B, respectively.

This said, neuropeptides are the most diverse group of
signalling molecules in the nervous system, and there is a
very large number of them (Burbach 2010; Wang et al.
2015), and there are even more receptors. In fact, peptides
appear very early in the animal taxonomy. Thus, it has
more recently been reported that the neurons of ctenophores,
commonly known as comb jellies, which inhabit sea waters
worldwide, lack monoamines (Moroz 2015), and that ‘the
first nervous system [that of ctenophores] evolved as nets
of peptidergic cells’ (Sachkova et al. 2021). A pioneer in
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Fig. 1. Participants of the second galanin symposium in Stockholm, May 1998. Viktor is seen in the middle of the front row. He
passed away in September of the same year. Photo: Stefan Zimmerman.
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neuropeptide research was David de Wied of Utrecht
University, who already in the late 1960s reported that
vasopressin and vasopressin fragments have robust
effects on brain functions, such as memory processes (de
Wied 1969; de Wied 1977). Broad overviews on the
purpose of neuropeptides, mechanisms involved in their
actions and more can be found in several reviews (van
den Pol 2012; Guillaumin and Burdakov 2021; Eiden et
al. 2022). Textbooks on peptides have been written by
Strand (1999) and edited by Kastin (2013).

Some personal memories of Viktor Mutt

Viktor was a very modest human being and professor (not
always the case among the colleagues), which reflected at
many levels, one being his office (Fig. 2). In those days,
I had never visited a professor at Karolinska Institutet
with such a small office. So, when Kjell Fuxe and I, or
Tamas Bartfai and I, visited, we could not sit side-by-side.
Instead, I had to sit behind Kjell or Tamas to look over their
shoulder to say hello to Viktor and (to a very limited ex-
tent) participate in the discussion. And there is no student
among those he lectured who has forgotten Professor Mutt.
Why? Because he was so fascinating, perhaps? Because
he knew the formulas of so many compounds by heart,
possibly? But for certain, because he wrote the formulas
with his right hand, and with the left he wiped them out.
So, always a clean board. As a student, you really had to
be alert. Because if not, you did not have a chance to take
notes. It is, indeed, difficult to forget Viktor’s lectures.
Viktor may also be remembered for the naming of some
peptides more recently discovered in his laboratory, such
as galanin and NPY. To avoid the possibility that the name
with regard to function might turn out to be a misnomer,
he, as the biochemist and original individual he was,
initiated a novel, objective principle: galanin stands for

Fig. 2. Viktor Mutt in his (minute) office at Karolinska Institutet.
Photographer unknown.

N-terminal glycine and C-terminal alanine, and NPY
stands for neuropeptide with a C-terminal tyrosine, Y.

Neuropeptides at Karolinska Institutet

Neuropeptides have a long history at Karolinska: Ulf von Euler,
the Swedish Nobel laureate, discovered substance P when
he was working in the United Kingdom with John Gaddum
(Euler and Gaddum 1931). Bengt Pernow, who later be-
came Rector at Karolinska, wrote his thesis on substance
P with von Euler as his supervisor (Pernow 1953a, 1953b).
Until then the chemical nature of substance P had been un-
known; however, in 1971, Susan Leeman and colleagues
discovered that substance P is actually an undecapeptide
(11 amino acids) (Chang et al. 1971). This started a world-
wide ‘race’. At Karolinska, Pernow initiated a new venture
where, among others, Goran Nilsson and colleagues gen-
erated antibodies to substance P for radioimmunoassay
and immunohistochemistry. My colleagues and I used the
latter method and Goran’s anti-substance P antibodies to
trace the substance P systems in the brain and periphery
(Hokfelt et al. 1975; Ljungdahl et al. 1978). Substance
P antagonists were later tested for pain and depression,
but large clinical trials eventually showed lack of efficacy.
However, such an antagonist is now in the clinic for treat-
ment of chemotherapy-induced nausea (Hargreaves et al.
2011) (see below).

It could also be mentioned that these substance P
mapping studies were part of the development of a fairly
new discipline, chemical neuroanatomy, defining neuronal
systems on the basis of a chemical, such as the catechola-
mine systems (Carlsson et al. 1962; Dahlstrom and Fuxe
1964; Geffen et al. 1969). Chemically identified neurons
then became a basis and prerequisite for the possibility to
apply recent modern techniques, such as optogenetics and
viral tracing, to experimental brain research.

General aspects on neuropeptide signalling and
neurotransmitter coexistence

During the early work, many basic questions concerning
neuropeptide signalling arose, questions that today appear
somewhat trivial. For example: peptides are small proteins
produced on ribosomes in the cell bodies and are released
from nerve endings far away from the production site,
perhaps even one meter in humans (of course, even more
in the giraffe). How can a released transmitter be replaced
when fast axonal transport over such a long distance may
take days? A partial explanation came when the existence
of dendritic release was introduced (Ludwig and Leng
2006); here the distance between synthesis and release is
short. More recently, Erin Schumann and colleagues have
shown that mRNA for peptides is actually present in nerve
endings (Glock et al. 2017). So, maybe there is a local
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synthesis of peptides in the terminal boutons, similar to
monoamines, where the synthesizing enzymes are trans-
ported into the axon terminals.

In the 1980s, we studied many peripheral systems,
such as autonomic and sensory ganglia. The most im-
portant finding, perhaps, was that neuropeptides are pre-
sent in the same neurons that also produce the classic
transmitters, such as noradrenaline, dopamine and more.
The first example was noradrenaline together with soma-
tostatin in sympathetic ganglia (Hokfelt et al. 1977). We
followed up to show that coexistence also exists in the
brain: substance P in serotonin neurons (Hokfelt et al.
1978; parallel to Chan-Palay et al. 1978) and CCK in do-
pamine neurons (Hokfelt et al. 1980a). So, it turned out
to be a general principle: peptides always coexist with
classic transmitters (Hokfelt et al. 1987).
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In the subsequent work, my PhD student Jan Lundberg
played an important role. (Jan, before finishing his thesis,
moved to the Pharmacology Department, became a profes-
sor there, then Head of Global Research for AstraZeneca,
and later on for Eli Lilly. A successful career, indeed.) To
sum up, these studies, and data in the literature, showed
that neuropeptide signalling is characterized as follows
(Fig. 3): neuropeptides (i) are stored in special types of
vesicles, large dense core vesicles (diameter ~1000 A),
and not in synaptic vesicles (diameter ~500 A); (ii) are
released when neurons fire at a high rate or in bursts
(Lundberg et al. 1981; Andersson et al. 1982); (iii) are
released extrasynaptically and act on receptors not em-
bedded in the postsynaptic densities associated with Grey
type 1 synapses, and thus, they may travel considerable
distances in the extracellular space and act on distant re-
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Fig. 3. Nerve ending with synapse and postsynaptic dendrite. Neuropeptides are stored in large dense core vesicles, released
extrasynaptically after high frequency/burst firing, and can diffuse in the extracellular space to activate pre- and/or postsynaptic
receptors of the G protein-coupled type. In contrast, small-molecule transmitters, such as GABA and glutamate, are stored in synaptic
vesicles and released in the synapse after low frequency firing to, typically, activate postsynaptic ionotropic receptors. Monoamines
such as noradrenaline, and perhaps also dopamine and serotonin, can be stored in both types of vesicles. Drawing by Mattias Karlén.
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ceptors, which is called volume transmission (Fuxe et al.
2010); (iv) do not have a reuptake mechanism at the
presynaptic membrane like the transporters for mono-
amines that terminate their action and replace depleted
stores. Instead, peptides are enzymatically inactivated.

Publishing in Nafure magazine

Our early work on neuropeptides led to an invitation to
write a review in Nature, and the article, with my four
PhD students as co-authors, appeared in 1980 with a photo
of VIP neurons on the cover (Hokfelt et al. 1980b). It would
turn out to be my most cited article.

Ten years later, I thought it was time to follow up with
anew review summarizing what had happened since 1980.
So, I submitted a draft to Nature and asked if they were
interested in publishing a ten-year follow-up review. At
the end of the submitted manuscript, I had written:

‘If the *50s were the decade of acetylcholine, the *60s of
catecholamines and serotonin, and the *70s of the in-
hibitory amino acid transmitters GABA and glycine, some
of us had anticipated that the *80s would become the
decade of the peptides. However, although a wealth of
data was collected, a breakthrough in the understanding
was not achieved. Instead, the excitatory amino acids
entered the scene (authors’ bolding) and grasped the
attention with their implications for learning and memory
and for involvement in brain pathology.’

After some time, I got a letter from a Nature editor, saying:
‘First the bad news...We would not be able to offer to
publish the article in its present form. Nevertheless, | was
intrigued by your very last paragraph, on page 17 [see
previous paragraph], that could be the germ of a com-
pletely re-written and much more compelling article. If,
contrary to expectations, excitatory amino acids really
were the big thing of the ’80s, I feel that the review ar-
ticle should focus on these more or less exclusively
[although I may be wrong here — I am very much a general
reader...].’

Fortunately for me, the manuscript, after some im-
portant editing by Dr. Robert Elde, could be published in
Neuron (Hokfelt 1991), actually owing to Dr. Eric Kandel,
who also gave valuable advice.

Emerging sceptic attitudes to neuropeptides

However, dark clouds started to appear in the peptide sky.
Doubts were expressed: are neuropeptides of interest at
all, do they really have a function? Are they perhaps remi-
niscences from primitive organisms (comb jellies, see
above)? I already mentioned the failure with substance
P (neurokinin, NK) antagonists for treatment of pain
and depression, a major disappointment and setback for
neuropeptide research. Moreover, many small-molecule

antagonists, developed with the aim to block signalling of
other important neuropeptides, failed because of side
effects, especially liver toxicity. In animal studies, knock-
out mice lacking a specific peptide were generated, but it
was difficult to define a clear phenotype. (For me this was
not a surprise because, as discussed above, peptides are
not released under normal conditions but only when the
animals are exposed to a situation when certain neuron
systems fire at a high rate or in bursts (Hokfelt 1991)). On
top of that, Chauncey Bowers published a review with the
title ‘Superfluous neurotransmitters?’ (Bowers 1994). The
cover of the 7INS issue illustrated the idea of the author:
GABA and monoamines were players in the field, whereas
neuropeptides were sitting on the bench, doing nothing.
Again, that was fully in line with our view: peptides are
sitting on the bench as kind of reserve players until
something important happens, e.g. a nerve injury. Then
peptides are ‘called in’ to help ‘solve the problem(s)’. In
any case, these negative reports and attitudes were not
helpful when it came to getting grants for neuropeptide
research. One could say that, at the end of the millennium,
the boom in neuropeptide research appeared to be over,
and grants were difficult to get. In fact, grant applications
to support research on galanin were later turned down in
the UK, Australia and USA, even if submitted by some of
the best laboratories in the galanin field.

However, neuropeptides have been useful as markers
for neuron populations, e.g. interneurons in the cortex, al-
though without exploring the functional role of the pep-
tide. Fortunately, thanks to the recent introduction of novel
methodologies, such as optogenetics, virus tracing and
more, it has become possible to pin down the function of
co-existing peptides. There are now many examples, but
only a few very recent ones are mentioned here: (i) oxy-
tocin from retrochiasmatic supraoptic nucleus activates
oxytocin receptors in the anterior subdivision of the ven-
tromedial hypothalamus, the ventrolateral part, and po-
tentiates a response to aggressor cues in mice (Osakada et
al. 2024); (ii) substance P from the principal nucleus
of the bed nucleus of stria terminalis activates TACRI1
receptors in the preoptic area and triggers mating be-
haviour (Bayless et al. 2023).

Neuropeptides and pain: focus on galanin

The failure of substance P antagonists to ameliorate pain
allowed us to turn to another peptide: galanin (Tatemoto
et al. 1983). This peptide is conserved among species and
acts, as mentioned, via three receptors, GalR1, GalR2
and GalR3 (Lang et al. 2015). Today, we talk about a ga-
lanin family that also includes the galanin message-ass-
ociated peptide (GMAP) (Rokaeus and Brownstein 1986),
galanin-like peptide (Ohtaki et al. 1999), alarin (Santic et
al. 2007) and spexin (Mirabeau et al. 2007). The reason
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for selecting galanin for further studies on pain was a small
paper that we published in Neuroscience Letters (Hokfelt
et al. 1987), soon followed by more detailed immuno-
histochemical/biochemical studies (Villar et al. 1989;
Villar et al. 1991). Here we show that, after transection of
the sciatic nerve, there is a dramatic increase in galanin
levels in the cell bodies of the corresponding dorsal root
ganglion (DRG) neurons (L4 and L5 level) (Fig. 4). Just
a year before, this had also been shown for VIP (Shehab
and Atkinson 1986) and was later reported for NPY
(Wakisaka et al. 1991). So, all these three “Mutt peptides’
react in a similar way to nerve injury of sensory ganglia.
Absolutely essential for our work on galanin (and NPY)
was our collaboration with Zsuzsanna Wiesenfeld-Hallin
and her team, who carried out functional/electrophysio-
logical experiments on galanin (and NPY) (Wiesenfeld-
Hallin et al. 1988; Wiesenfeld-Hallin et al. 1989).

We and others have tried to understand the signifi-
cance of the dramatic upregulation of galanin expression,
and we now believe that this process is important both for
pain signalling (Xu et al. 2000; Kerr et al. 2000; Liu and
Hokfelt 2002; Holmes et al. 2005; Wiesenfeld-Halllin et
al. 2005; Xu et al. 2010; Fonseca-Rodrigues et al. 2022;
Hokfelt and Wiesenfeld-Hallin 2024) and nerve regen-
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eration (Hobson et al. 2010). Based on pain studies in rats,
we believe, in brief, that galanin in DRG neurons is part
of an endogenous defence system against neuropathic
pain. This pain is evoked by nerve injury and responds
less well to treatment with morphine. The pain relief is
exerted via the activation of GalR1 on glutamatergic inter-
neurons in the spinal dorsal horn (Landry et al. 20006).
Here a GalR1 agonist would reduce (neuropathic) pain.
However, initially after the nerve injury, galanin also
has an excitatory effect, exerted via GalR2 receptors on
DRG neurons, a warning signal (Liu et al. 2001; Liu and
Hokfelt 2002). Thus, GalR2 is pronociceptive, and the pain
could in principle be attenuated by a GalR2 antagonist.
Interestingly, two other peptides, substance P and calci-
tonin gene-related peptide (CGRP), which are excitatory
and produce pain, are downregulated. There are addi-
tionally hundreds of other molecules in rodent DRG neu-
rons that change in response to nerve injury (Costigan et
al. 2002; Wang et al. 2002; Xiao et al. 2002; Wang et al.
2021). So, galanin is not the only molecule involved, but
other molecules also participate in this endogenous pain
defence system intrinsic to DRG neurons. There are ex-
tensive studies showing that NPY may be one such
molecule (Nelson and Taylor 2021).

(®)DRG

J‘A

Fig. 4. Immunohistochemical micrographs of dorsal root ganglia (DRGs) and a drawing showing sensory neurons and a spinal cord.
(a,b) Only a few galanin-positive neurons are seen in the contralateral DRG (a) versus numerous, strongly immunoreactive cells in
the ipsilateral ganglion (b) after unilateral transection of the sciatic nerve in mice. Scalebar indicates 25 pM. (c) A population of
small to medium-sized DRG neurons (orange) upregulate galanin expression after nerve transection. We have proposed that galanin
represents an endogenous antinociceptive molecule combating neuropathic pain. Interneurons in the dorsal horn expressing e.g.
opioid peptides, combat inflammatory pain. Drawing by Mattias Karlén.
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It was already known that there is another endogenous
pain defence system, which is associated with inter-
neurons expressing opiate receptors, (see e.g. Fig. 4c)
(Dubner and Ruda 1992). One natural ligand for these
receptors is enkephalin, and interneurons expressing this
neuropeptide intermingling with substance P afferents
have been demonstrated in the dorsal horn (Hokfelt et al.
1977). Such opiate receptors are the targets for the
efficacious treatment of ‘common’ pain with morphine
and morphine-related drugs.

In conclusion, our studies on the galanin system after
nerve injury suggest that both GalR1 and GalR2 receptors
could be the targets for pain treatment: a GalR2 antagonist
acting on DRG neurons could have an effect on the initial
pain, and, more importantly, treatment with a GalR1
agonist acting on dorsal interneurons may reduce neuro-
pathic pain. However, all these results are based on studies
on rats. That these findings, however, may also be clini-
cally relevant is supported by studies showing that galanin
is dramatically upregulated in DRG neurons after tran-
section of the sciatic nerve also in monkeys (Zhang et al.
1993). Moreover, around >10% of the neuron profiles in
human control DRGs are galanin-positive versus >30%
in patients suffering from severe brachial plexus injury
(Landry et al. 2003). Thus, this endogenous defence sys-
tem may also exist in primates, including man. However,
recent studies suggest that human DRGs either only ex-
press GalR3 (Tavares-Ferreira et al. 2022) or no galanin
receptors at all (Yu et al. 2023), but GalR1 is expressed in
the human spinal cord, at least during development (Li et
al. 2023). So, in the case of humans, either intrathecal in-
jection of a GalR1 agonist or an agonist passing the blood-
brain-barrier (BBB) may reduce pain. Alternatively, a
peripherally acting GalR2 antagonist may have an anal-
gesic effect, since our own, old qPCR studies do show the
presence of both GalR2 and GalR3 transcripts in human
DRGs (Barde and Hokfelt unpublished). Apparently, there
are considerable species differences that have to be con-
sidered when discussing treatment of pain with drugs
acting on the galanin system in humans. Clearly, the
situation is complex and needs further exploration.

The galanin system in the rat brain: focus on
locus coeruleus

The early mapping of the galanin neurons in the rat brain
in our group was carried out by Tor Melander using
antibodies raised by Ake Rokaeus (Rékaeus et al. 1984;
Melander et al. 1986b), and in parallel by Skofitsch and
Jacobowitz (1985). Tor noticed that galanin coexists with
classic transmitters in several cases: with acetylcholine in
basal forebrain neurons (Melander et al. 1985) and with
noradrenaline in the locus coeruleus (LC), with serotonin
in the dorsal raphe nuclei and more (Melander et al. 1986a).

We became particularly interested in the noradrenaline—
galanin coexistence in LC (Fig. 5a—c), in view of the
earlier-described wide distribution and manifold functions
of the noradrenergic LC neurons, including their possible
role in mood and behaviour (Foote et al. 1983; Aston-
Jones et al. 1996). Our first approach was electrophysi-
ology, and we could show that galanin inhibits the spon-
taneous firing of the noradrenergic neurons (Pieribone et
al. 1995), confirming previously published results (Seutin
et al. 1989; Sevcik et al. 1993). Further analysis indicated
that this inhibition is mediated via GalR1 (Fig. 5d) (Ma et
al. 2001). On the basis of the mentioned experiments with
vasopressin and oxytocin (Ludwig and Leng 2006) and of
our own studies on galanin (Vila-Porcile et al. 2009), we
then developed the hypothesis that this inhibition is ex-
erted by dendritic release of galanin acting on GalR1 auto-
receptors, a mechanism possibly aiming at preventing
overexcitation and possibly being part of the resilience
machinery (Hokfelt et al. 2018), in agreement with other
studies (Sciolino et al. 2015). A more recent report on the
mouse brain, including single cell analysis, has revealed
that LC neurons, in addition to galanin, express almost 20
further peptides and more than 30 neuropeptide receptors
(Caramia et al. 2023). So, galanin is not the only interest-
ing peptide — perhaps there are even more interesting

(d) Galanin (50 nm)

LI

Fig. 5. Locus coeruleus (LC): immunohistochemical staining
and electrophysiological recordings. (a—c) Double-staining
with antibodies to galanin (a) and tyrosine hydroxylase (TH) (b).
(c) shows the merged photo. Many neurons are both TH- and
galanin-positive. Scalebar indicates 8 uM. (d) Galanin (top)
inhibits spontaneous firing of LC neurons, but no effect can
be seen after administration of the GalR2 agonist AR-M1896.
(d) from Ma et al. 2001, with permission.
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peptides than galanin. It is, however, important to point
out that galanin, together with noradrenaline, is also trans-
ported into the terminal ramification of the LC neurons in
the cortex and hippocampus (Xu et al. 1998), and that
galanin receptors also exist in the forebrain. Galanin can
thus influence signalling in such forebrain regions, as well.

The galanin system in the human locus coeruleus

After analysing rodent brains for many decades, we de-
cided some 15 years ago to turn to the human brain. That
seemed to be a relevant step, especially when diseases and
their treatment are concerned. Our first target was the
human LC (Le Maitre et al. 2013). Here we observed
transcripts for tyrosine hydroxylase (TH) (Fig. 6a,b), the
first enzyme in the noradrenaline synthesis, i.e. in nor-
adrenergic neuron, for galanin (Fig. 6¢,d) and, surpris-
ingly, for GalR3 (Fig. 6e.f). Interestingly, however, we
could see these autoradiographic expression patterns
after very different exposure times (Fig. 6b,d,f): TH
mRNA was observed after several days (less than one
week), galanin mRNA after around two weeks and GalR3
only after eight weeks — the last exclusively in brains with
a very short postmortem time (one or two hours). TH and
GalR3 mRNAs seemed to be present in virtually all cells
and at about similar levels. In contrast, the galanin
transcript levels varied considerably between individual
cells. This fits with the fact that galanin is a molecule that
is released depending on the activity of the individual
cells, whereas the other transcripts produce proteins that
are ‘stable’ and have a long half-life. But the GalR3 signal
is still an uncertain finding. Interestingly, we prepared the
GalR3 probe from human DRG mRNA. We have in a
recent single-cell study on human LC neurons not been
able to detect the GalR3 transcript, but instead GalR1
mRNA was observed in many neurons (Barde et al. 2024).
In that study, we could, like in the mouse LC (Caramia et
al. 2023), detect a large number of further neuropeptides
and neuropeptide receptor transcripts in LC neurons
(Barde et al. 2024).

Galanin and many other peptide systems in the
human prefrontal cortex

Galanin has in rodent studies been considered to be a brain
stem peptide with few galanin-positive neurons in the
cortex and hippocampus (Merchenthaler et al. 1993), con-
trasting for example with NPY, which is expressed in
many interneurons in these regions. It seems relevant to
explore whether that is also the case in the human brain.
Prefrontal cortex (PFC) occupies the most rostral part of
the frontal lobe of the cerebral cortex and constitutes close
to 20% of the total brain. It is divided into more than 15
subregions (Brodmann areas) and is involved in a large
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range of higher brain functions, such as planning, deci-
sion-making, memory and emotions.

We have analysed 17 microdissected subregions of the
human PFC and three reference cortices using RNA se-
quencing (RNAseq), which includes the analysis of nearly
20000 genes (Zhong et al. 2022). In this paper, we par-
ticularly focused on the transcripts for neuropeptides
(78 were found) and their receptors (83). This allowed us
to systematically explore the expression landscape of
peptides and their receptors in the precisely punched
samples from various PFC regions, and a larger number
of neuropeptides and receptors were detected. For example,
adrenomedullin, which has not been reported before, was
robustly expressed in our study. Moreover, by integrating
the single-nucleic RNAseq data from the PFC region, we
have identified a considerable number of, what we called,
interneuron and projection neuron ‘candidates’, appar-
ently not detected in the single cell/nucleus studies (Zhong
et al. 2022). The principle was: presence of a peptide and
a receptor suggested an interneuron candidate; presence
of a peptide but no receptor suggested a projection neuron
candidate. An example of the former is CGRP, of the
latter, thyrotropin releasing hormone (TRH).

The most abundant peptide was CCK, as was already
shown in many studies in rats, where this peptide is ex-
pressed both in interneurons (de Felipe et al. 2013) and
pyramidal neurons (Burgunder and Young IIT 1988). Also,
in humans, CCK is expressed both in GABAergic inter-
neurons (Bouras et al. 1986; Hodge et al. 2019) and
glutamatergic pyramidal projection neurons (Hodge et al.
2019), now also shown with in situ hybridization in PFC
(Zhong et al. 2022) (Fig. 7a). Additionally, the vesicular
glutamate transporter 1 (VGLUT1) (Fig. 7b) and the ves-
icular GABA transporter (VGAT) (Fig. 7c) could be
observed, partly with a similar distribution. As of par-
ticular interest, we detected several peptide receptors but
not the corresponding peptide, suggesting that these
receptors could be activated by blood-borne peptides.
Such peptides include adiponectin (from fat), leptin (from
fat) and gastric inhibitory peptide (GIP) (from K cells in
the small intestine). This hypothesis is based on the
concept that peptides can penetrate the BBB, which in fact
has been shown to occur (Banks 2023). Only small
amounts of peptide need to pass the BBB since the peptide
receptor affinity is high (low nanomolar range).

The presence of a galanin system in the PFC was ex-
citing for us. In rats, galanin expression in the cortex is
limited (Merchenthaler et al. 1993) and is mainly present
in noradrenergic afferents originating in the LC (Xu et al.
1998). However, in humans we detected galanin (and
galanin receptors) in both glutamatergic and GABAergic
neurons in the PFC (Fig. 8a,b) (Zhong et al. 2022). The
presence of CCK in glutamatergic pyramidal neurons,
which release an excitatory peptide and an excitatory
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Fig. 6. In situ hybridization micrographs showing three transcripts in the human LC. Transcripts for TH (a,b), galanin (c,d) and the
galanin type 3 receptor (GalR3) (e,f) are robustly expressed in the LC. The signal for both TH and GalR3 is similarly strong in all
cells (arrows in b and f), whereas the galanin intensity varies between neurons (d), some strongly (white arrows), others (red arrows)
weakly labelled. Scalebar indicates 200 uM (a) and 50 uM (b). From Le Maitre et al. 2013, with permission.
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Fig. 7. RNAscope histochemistry (triple-labelling) of the human prefrontal cortex (PFC). The distribution of transcripts for
cholecystokinin (CCK) (a), vesicular glutamate transporter]l (VGLUT]1) (b) and vesicular GABA transporter (VGAT) (¢) are shown.
Note the high density of CCK-positive neurons in all layers except layer 4 (L4). Glutamatergic pyramidal neurons and GABAergic
interneurons are evenly distributed, the former being more abundant than the latter. Detailed, high-power analysis reveals that the
CCK transcripts are expressed both in glutamatergic and GABAergic cells (not shown). Scalebar indicates 100 uM. From Zhong et al.

2022, with permission.

principal transmitter, is an example of transmitter co-
agonism, possibly synergism, i.e. these messengers may
work together. Our findings suggest that galanin perhaps
is more important in the human than in the rodent cortex,
i.e. it participates in cognitive and other higher cortical
functions in humans not only via release from nora-
drenergic nerve terminals but also by being released from
pyramidal projection neurons and interneurons. In Fig. 8c,
we have sketched a circuitry for the galaninergic systems
in the human PFC. As mentioned, we have hypothesized
that galanin may be involved in resilience and protect
against glutamatergic over-excitation, thus being neuro-
protective (Zhong et al. 2022). Moreover, we have specu-
lated that the galanin system, in view of its expression in
glutamatergic pyramidal neurons (Zhong et al. 2022), may
offer a further target for the therapy of major depressive
disorder (MDD) with the N-methyl-D-aspartate (NMDA)
antagonist ketamine (Kadriu et al. 2019; Krystal et al. 2019).

Galanin: a possible role in depression

The presence of the galanin system both in the LC and
PFC neurons may be an indication of an involvement also
in mental disorders. Many animal experiments suggest
that the galanin system plays a role in stress-related
disorders, such as depressive-like behaviour and more
(Bing et al. 1993; Fuxe et al. 1998; Lu et al. 2005; Weiss
et al. 2005; Swanson et al. 2005; Kuteeva et al. 2008;
Christiansen et al. 2011; Saar et al. 2013; Barnabas et al.
2016; Kawa et al. 2016; de Souza et al. 2018; Tillage et
al. 2020; Yang et al. 2021; Flores-Burgess et al. 2022), of
which reviews have been published (Wrenn and Crawley
2001; Holmes et al. 2003; Holmes and Picciotto 2006; Lu
et al. 2007; Kuteeva et al. 2010; Weinshenker and Holmes
2016; Millon et al. 2017; Hokfelt et al. 2018; Pérez de la Mora
et al. 2022). There are reports on patients showing a re-
lation to the galanin system, based on both genetic ana-
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Fig. 8. Galanin systems in the human PFC. Galanin is expressed in: glutamatergic pyramidal neurons that may project contralaterally
and/or to deeper parts of the brain/spinal cord (a,c); GABAergic interneurons (b, not shown in c¢); and noradrenergic nerve afferents
originating in the LC (c¢). Regarding receptors, GalR1 and, at much lower levels, GalR3 are also expressed in glutamatergic pyramidal
neurons (not shown). It is possible that galanin receptors are also present in noradrenergic afferents since both GalR1 and GalR2
transcripts have been found in human LC cell bodies (Barde et al. 2024). To sum up, there are at least three sources of galanin in
human PFC: noradrenergic afferents (galanin is released together with noradrenaline), glutamatergic pyramidal neurons (galanin is
released together with glutamate) and GABAergic interneurons (galanin is released together with GABA). Galanin released from
these sources can target GalR1 (and GalR3) receptors on pyramidal cells. Interestingly, galanin in intra-telencephalic, crossing
pyramidal neurons (c) could participate in the control of the contralateral cortex via an action on GalR1 expressing pyramidal neurons.
CC — corpus callosum. Scalebar indicates 5 pM. Drawing by Mattias Karlén. From Zhong et al. 2022, with permission.

lyses (Unschuld et al. 2008; Unschuld et al. 2010; Wray
et al. 2010; Davidson et al. 2011; Wang et al. 2013;
da Conceicao Machado et al. 2018; Keszler et al. 2019)
and on other types of approaches (Murck et al. 2004;
Wang et al. 2014). We have pursued this concept in several
publications, both by analysing MDD patients (Barde et
al. 2016; Barde et al. 2024) as well as carrying out genetic
studies (Juhasz et al. 2014; Gonda et al. 2018).

In the biochemical studies (Table 1), we first focused
on the galanin system and monitored the transcript levels
(by quantitative PCR), DNA methylation status (by bisul-
phite pyrosequencing) and GAL peptide levels by radio-
immunoassay (RIA) in postmortem brains from depressed
persons who committed suicide (‘depressed suicides’) and
controls (Barde et al. 2016). This study on five important
human brain regions (anterior cingulate cortex (ACC),
dorsolateral prefrontal cortex (DLPFC), dorsal raphe nu-
cleus (DRN), LC and, as a control, the medullary raphe
nuclei (MRN)) provides detailed information on the
galanin peptide levels, the transcript levels for galanin and
GalR1-3 and the levels of DNA methylation of these four
genes.

Both peptide and transcript levels showed marked
regional variations, and there was a good correlation be-
tween them. This correlation is of some importance, since
the issue is often discussed in the context of the many
published single-cell/nucleus studies that are only based
on transcripts/genes, questioning whether all these tran-
scripts are really translated into protein/peptide. Our find-
ings suggest that, concerning galanin, there is a correla-
tion. For example, galanin peptide levels (pM/mG) in male
controls are roughly 4-5 in DLPFC and ACC, 60 in DRN,
30 in LC and 15 in MRN. So, they are six times higher in
LC and 12 times higher in DRN than in DLPFC/ACC.
The corresponding raw cycle threshold values for tran-
scripts (all samples pooled) are 27 for DLPFC and ACC,
26 for DRN, 25 for LC and MRN. Thus, LC and MRN
have two times higher transcript levels than DRN and four
times higher levels than DLPFC and ACC. The difference
between DRN and LC probably reflects the fact that in the
DRN the galanin peptide is mainly present in nerve end-
ings, whereas the LC neuronal cell bodies mainly have the
galanin transcript. Interestingly, the GalR1 transcript levels
are as high or higher in DLFPC than in the lower brain
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stem regions, suggesting an important role for galanin sig-
nalling in the human PFC. We have summarized the find-
ings on differences between ‘depressed suicides’ and
controls reported in Barde et al. (2016) in Table 1. Briefly,
regarding the galanin system in MDD, the most pro-
nounced transcript changes were found in three regions:
decreased levels of galanin and GalR3 in the male
DLPFC, and increased levels of galanin in the male and
female DRN and LC. DNA methylation changed in the
opposite direction for galanin in the male DLPFC and for
GalR3 in the female DRN and LC.

A subsequent study included the substance P, NPY and
CCK systems, but was based only on ¢gPCR (Barde et al.
2024). The changes in transcript levels were modest: an in-
crease in the female tachykinin in DLPFC and the male
NPY in LC. Minor changes were seen in the female DLPFC
and the male and female LC (Table 1). No changes were
seen for the CCK system. To sum up, the galanin system
seems to be the most promising target for the development
of novel antidepressants, whereby galanin/galanin agonists
and possibly GalR3 antagonists may act at the level of the
lower brain stem (DRN and LC), whereas in the PFC,
agonists may be an alternative. Also, the tachykinin re-
ceptors may be a target, as already indicated in the clinical
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trials reported by Kramer et al. (1998). Even if not strongly
implicated in our study, there are many reports of an asso-
ciation between NPY and depression in the literature (Heilig
2004; Morales-Medina et al. 2010; Wu et al. 2011; Kautz
etal. 2017; Mathé et al. 2020; Nahvi and Sabban 2020).
In the two original papers above, we have discussed
the following limitations: (i) these studies were primarily
bulk studies (not single-cell/nucleus), (ii) in many cases
it was not known if transcripts studied were translated
into peptide/protein, (iii) postmortem times were variable,
(iv) the fact that the ‘Barde et al. 2024 study’ was carried
out on the same samples as the ‘Barde et al. 2016 study’
but several years later, and more. One issue we did not
raise was the surprising findings in the two PFC regions:
all differences in transcript levels between ‘depressed sui-
cides’ and controls were observed in DLFPC, whereas
none were found in ACC. From studies in the literature,
we would have expected that MDD is mainly associated
with ACC (Drevets et al. 2008; Pizzagalli et al. 2018).
Our genetic approach also supports an involvement of
the galanin system. In a candidate gene study, we analysed
a European white population cohort totalling 2361 from
Manchester, the United Kingdom, and Budapest, Hungary
(Juhasz et al. 2014). We found that variants in genes for

Table 1. Summary of differences in transcript levels of three peptide systems in five brain regions between controls and depressed

patients who committed suicide

DLPFC ACC DRN LC MRN

M F M F M F M F M F
Galanin m 1 - - 1 1 1 1 1
GalR1 1 1 — _ 1 _ 1 B B _
GalR2 — - — — - - — _ 1 _
GalR3 U - - - 1 11 1 11 1 t
SP ) ) - - 0 - 1 1 - -
TACI - 1 - - - - - 1 - _
TACRI - - - - _ _ ' N B B
TACR2 - 1 - - _ _ 7 T B B
TACR3 - 1 - - _ _ 1 ' B B
NPY - - - - - - 1 1 - -
NPYIR 1 1 _ _ _ _ 1 B 3 B
NPY2R — - — — - - — _ — _
NPY5R — — - — — - — — _ _

The arrows represent statistical significance, where the upward arrow signifies the increase in gene expression and methylation status
and vice versa. One arrow signifies P <0.05 and two arrows stand for P <0.01. Abbreviations: DLPFC — dorsolateral prefrontal
cortex, ACC — anterior cingulate cortex, DRN — dorsal raphe nucleus, LC — locus coeruleus, MRN — medullary raphe nucleus,

SP — substance P, NPY — neuropeptide Y.
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galanin (GAL) and its three receptors (GALR1, GALR?2,
GALR3) conferred an increased risk of depression and
anxiety in people who experienced childhood adversity
or recent negative life events. This was achieved using
Bayesian multivariate analysis that revealed a greater
relevance of galanin system genes in highly stressed sub-
jects compared to subjects with moderate or low life stress.
This effect was observed in an independent analysis of the
Manchester and Budapest subpopulations, and both in
males and females. In a further study of functional poly-
morphisms, strong relevance of the GALR2 gene was
found but only in moderate and/or high stress exposure
groups (Gonda et al. 2018). In conclusion, these results
further indicate that galanin pathways play an important
role in the pathogenesis of depression in humans by
increasing the vulnerability to early and recent psycho-
social stress. This said, genome-wide association studies
(GWAS) have not provided compelling evidence for the
involvement of genes of the galanin system in MDD.

CONCLUDING REMARKS

One way to define the beginning of the history of mam-
malian neuropeptides is perhaps to identify the first pub-
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lication of the amino acid sequence of such a molecule. If
so, the report of the structure of vasopressin and oxytocin
(Du Vigneaud 1954) is the starting point. Originally, these
hormones were known to be expressed in the hypotha-
lamic, magnocellular neurons projecting to the posterior
pituitary, where vasopressin and oxytocin are released into
the systemic circulation. Today we know that these pep-
tides and their receptors are expressed in brain neurons
and are involved in many functions beyond their peri-
pheral actions. Also, the next wave of discovery involved
hypothalamic hormones: the releasing/inhibitory hor-
mones secreted into the portal vessels and controlling
anterior pituitary functions, such as thyrotropin-releasing
hormone (TRH), luteinizing hormone-releasing hormone
(LHRH) and somatostatin (Guillemin 1978; Schally et al.
1978). Again, it was subsequently reported that these
three peptides and their receptors are expressed, often
widely, in the brain. In parallel, peptides like substance P
(see above) and CCK, extracted from other sources, such
as the gastro-intestinal tract, appeared on the scene. And
here Viktor Mutt’s laboratory made a major contribution.
In parallel, a strong neuropeptide research developed in
Japan, where also early on molecular biological methods
were employed (Nakanishi, Noda, Numa), discovering
new neuropeptides and neuropeptide receptors. In fact,

Table 2. ‘Peptide’ drugs approved by FDA and now on the market

» Anti-CGRP antibodies/receptor antibodies/antagonists for treatment of migraine

Emgality, galcanezumab, Eli Lilly; Ajovy, fremanezumab, Teva

Aimovig, erenumab, Novartis; Vyepti, eptinezumab, Lundbeck

» Orexin antagonists for treatment of insomnia

Belsomra, suvorexant, Merck; Dayvigo, lemborexant, Eisai

Qvivique, daridorexant, Idorsia

» NK1 antagonist for treatment of emesis

Emend, aprepitant, Merck

» GLP-1R agonists for treatment of diabetes, obesity (and Alzheimer?)

Victoza, liraglutid, Ozempic, Wegovy, Rybelsus (tablets), Amycretin, all
semaglutide, all Novo Nordisk; Mounjaro, Zepbound, both
tirzepatide, Trulicity, dulaglutide, all Eli Lilly

» NK3 antagonists for treatment of flushes

Veozah, fezolinetant, Astella



T. Hokfelt et al.: Galanin signalling in the nervous system

Shigetada Nakanishi’s team cloned the first peptide re-
ceptor (Masu et al. 1987) — a breakthrough since up till
then there had been some doubts about whether neuro-
peptides indeed had their own receptors. This said, an
abundance of peptides was also discovered in non-mam-
malian species, in particular by Vittorio Erspamer and
colleagues (Erspamer et al. 1978).

In this review, we have sketched the work on neuro-
peptides in our laboratory over the last five decades,
selecting galanin as an example. Our hope, and we assume
that of other galanin researchers as well, has been to
eventually develop compounds that may help ameliorate
illnesses of various kinds. It is evident in this review that
we, targeting pain and mood disorders via galaninergic
mechanisms, have failed, and that our hopes have not
materialized. Early on, Tamas Bartfai, Ulo Langel and
colleagues generated the first receptor selective ligands
(Bartfai et al. 1992), and they rapidly became important
tools for galanin researchers. However, they were mainly
chimeric peptides and did not penetrate the BBB. In fact,
only a few small-molecule BBB-penetrating antagonists
have been developed for the galanin system, one being a
group of GalR3 antagonists (Konkel et al. 2006; Swanson
et al. 2005). This contrasts with the situation for many
other neuropeptide receptors for which several efficacious
antagonists are available, such as tachykinin receptor
antagonists (Griebel and Holsboer 2012). Against this
background, it is somewhat comforting that there are now
several FDA approved drugs on the market that are based
on peptidergic mechanisms (Table 2). There is hope that
this is just the beginning, and that more compounds acting
via neuropeptidergic mechanisms will be generated for
treatment of diseases.
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APPENDIX A
Viktor Mutt (1991)

In 1946 the Department of Chemistry II at the Karolinska
Institutet in Stockholm was housed in a building dating
from the late 1850s. The head of the department was
Erik Jorpes, who had fled from Finland during the First
World War (he had been Minister of Health in the red rev-
olutionary government of Finland, overthrown after the
Civil War when Finland became an independent state).
The same building also housed the departments led by
Einar Hammarsten, Hugo Theorell and Ragnar Casparsson.

Jorpes had personally become rich by his association
with the pharmaceutical house AB Vitrum, to which he
had transferred his techniques for the production of bovine
heparin and porcine insulin. This work in turn had aroused
Jorpes’ interest in ‘natural’ substances with a physiological
action.

Jorpes had had a rough time during his first years in
Sweden as a ‘red’ refugee, had often been hungry and had

finished his medical studies chiefly thanks to his iron will.
A long working day was natural to him, and he expected
the same from all his employees. The standard ‘nine to
five’ days was, according to Jorpes for ‘bureaucrats and
customs officials’ and not for scientists. When Jorpes was
in the lab, everybody should be in the lab — Christmas,
Easter, Sundays and night mattered little. Several of us
were paid by Vitrum and many received pay or bonuses
from Jorpes’ own pocket. Many were refugees from the
Second World War, and Jorpes, remembering his early
days in Sweden, tried in every way to help them along.
One of the refugees was Viktor Mutt.

My first glimpse of Viktor Mutt was of a young man
with a boyish face, who in a corner of the ‘big laboratory’
was, as a laboratory technician, handling an enormous
mass of animal organs. Viktor had fled from Estonia (he
was born in Tartu in 1923) and had the same working
habits as the Boss.

Very early in the morning he cycled to the slaughter-
house in the south of Stockholm (about 5 miles) with
samples of heparin plus a glass bead in test-tubes kept in
a wooden rack. Fresh bovine blood was poured into the
tubes; they were then stoppered, and coagulation time was
measured with a stopwatch. An increase in coagulation
time was a measure of heparin activity (Jalling, Jorpes and
Linden 1946; Quart. J. Pharmacol., 19, 96). The results
were brought back by Viktor to the laboratory and formed
the basis for the morning discussion with Jorpes.

The importance of measuring activity when purify-
ing a substance was a lesson from Jorpes to Viktor Mutt.
Later — when Jorpes feared lack of raw material for in-
sulin production and turned to whale pancreas as a raw
material — Viktor started to extract enormous masses of
organ material. Turning to pig intestines, he isolated
secretin and cholecystokinin, purified them and had them
transferred to pharmaceuticals (also sold by Vitrum, who
were bought by Kabi, who 3 years ago sold the secretin
to Ferring in Malma).

Viktor realized that the intestinal extracts were a ‘gold
mine’ for various peptides of which nothing was known
about their structure or action in the body. Historically all
Viktor’s marvellous achievements in the field of the
intestinal peptides are based on his early work with animal
organ extracts.

Viktor would have remained a technician but he real-
ized early on that in order to be able to do what he wanted
in the future he must have an academic degree. I admit
that I am breathless with admiration when I consider that
he took an MB at the Karolinska Institutet in 1953 and
defended a thesis for MD in 1959, nearly all the time
keeping up hard laboratory work. Viktor was loyal to his
old employer and benefactor, Erik Jorpes, until Erik died,
and, luckily for the advancement of science, he has to this
day been loyal to the field of intestinal peptides.
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In Viktor’s laboratory he and his guest scientists have
isolated chymodenin, GIP (Gastric Inhibitory — or Glucose
dependent Insulinotropic — Polypeptide), motilin, oxynto-
modulin, a previously unknown form of somatostatin, VIP
(Vasoactive Intestinal Peptide) and sorbin. In collabora-
tion with T. J. McDonald, the bombesin-related GRP
(Gastric Releasing Peptide) was isolated from porcine
non-antralgastric tissue. In collaboration with K. Tatemoto,
a chemical method was worked out for the determination
of hormonal peptides with a C-terminal amidated alpha
structure. This technique in turn led to the discovery of
PHI (Peptide with N-terminal Histidine and C-terminal
Isoleucine amide), NPY (neuropeptide Y (tyrosine)) and
galanin (a peptide with N-terminal glycine and C-terminal
alanine amide). At Viktor Mutt’s laboratory, species var-
ieties were studied (e.g. human secretin, bovine, GIP),
using radioreceptor assay techniques. Recently Viktor, to-
gether with Agerberth, Z.-W., Chen, Efendic and Ostensson,
have isolated from pig intestine a 60-residue polypeptide
PEC-60 (peptide with N-terminal glutamic acid (E) and
C-terminal cysteine (C)). PEC-60 has a depressant activity
on insulin secretion and a structural similarity to PSTI
(pancreatic secretory trypsin inhibitor). Several antibac-
terial peptides have been isolated from pig intestine by
Viktor Mutt in collaboration with Hans Boman and his co-
workers. One of these has been characterized as a cecro-
pin, a type of antibacterial peptide until now only known
to occur in insects (Cecropia). The amino acid sequence
determinations of Viktor’s various peptides are largely
carried out in collaboration with Hans Jornvall.

Viktor Mutt’s lifelong work with animals and human
organ extracts has indeed opened a door to a vast field of
physiologically active peptides of interest, not only to the
field of gastroenterology but also to that of the central
nervous system. Many of the peptides will surely be shown
in the near future to be of value for our understanding of
the biochemical background of psychiatric diseases.

Bertil Aberg, MD, DVMhc, MDhc
President

Skandigen AB

Stockholm

185

APPENDIX B
In Memoriam (1998)

At the Wenner-Gren Symposium on ‘Galanin: Basic Re-
search Discoveries and Therapeutic Implications’, which
was held in Stockholm in the beginning of May 1998, the
participants honoured Viktor Mutt, the discoverer of ga-
lanin. Mutt had then worked in peptide research for
50 years, it was 15 years since he had published the first
paper on galanin, and he was going to celebrate his 75th
birthday at the end of the year. We, who were present at
the symposium, are glad that we at that time could express
our appreciation. Viktor Mutt died on September 9 after
an active day and after attending a meeting at the Royal
Swedish Academy of Sciences.

Viktor Mutt came to Sweden from Estonia during the
Second World War. He was employed as a technician by
Professor Erik Jorpes at the Karolinska Institute in 1944.
After a few years” work on heparin, he was asked by
Jorpes to purify secretin for clinical use. To this was later
added the purification of cholecystokinin and pancreozy-
min, which Mutt showed to be two activities of the same
peptide. It was painstaking work; each step of purification
could take years and each fraction had to be assayed on
living cats. As a fellow graduate student in the same
department during the 1950s it was with admiration that I
followed Mutt’s work. It would take him close to 20 years
to isolate the pure peptides and to determine their struc-
tures. A graduate student of today will hardly accept that
it takes 15 years of full-time work to get material for a
doctoral thesis, which was the time it took Viktor Mutt.
The work could never have been finished without his
working capacity, tenacity, and patience.

The success with secretin and cholecystokinin merited
for Mutt a chair in Biochemistry at the Karolinska Institute,
which he held for two decades, and thereafter he worked
as an emeritus. During this period, he designed methods
to search for new active intestinal peptides, and a large
number with important functions were discovered in his
laboratory. One of them was galanin. Viktor Mutt was
devoted to science. He was always meticulous in his work
and scrupulous in his judgements. By his work he laid the
foundation for modern neuropeptide research. He received
honours but he never liked to be in the limelight. He has
always been unobtrusive and humble, and it has some-
times been difficult to imagine that he held the eminent
position that he did in the scientific community. He was a
great man and a great scientist.

Torvard C. Laurent
Science Secretary
Wenner-Gren Foundation
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Neli aastakiimmet Viktor Muti avastatud neuropeptiidide uuringuid,
keskendudes galaniinile

Tomas Hokfelt, Swapnali Barde, Wen Zhong, Zhi-Qing David Xu ja P&teris Alberts

Artikkel pdhineb Tomas Hokfelti peetud ettekandel professor Viktor Muti 100. stinniaastapédevale piihendatud pidulikul
konverentsil Eesti Teaduste Akadeemias 2024. aasta jaanuaris. Artiklis kirjeldatakse Viktor Muti avastatud neuropep-
tiididega tehtud uurimist6d tulemusi, podrates erilist tdhelepanu neuropeptiid galaniini uuringutele. Lisatud on ka
mdned Hokfelti isiklikud mélestused kohtumistest Viktor Mutiga ja lithike {ilevaade varasematest Karolinska instituudis
tehtud neuropeptiidide uuringutest. Neuropeptiidide toimemehhanismide ning neurotransmitterite ja neuropeptiidide
kooseksisteerimise iildise kirjelduse jérel analiiiisitakse galaniini signalisatsioonisiisteemi vdimalikku seotust valu- ja
depressioonindhtudega. Erilist tdhelepanu podratakse galaniini esinemisele ja toimele roti ja inimese locus coeruleus’es.
Surmajirgsed inimaju-uuringud on vdimaldanud iseloomustada galaniini ja teiste peptiidide rolli normaalses pre-
frontaalses ajukoores, aga ka enesetapu sooritanud depressiooniga patsientide erinevates ajupiirkondades. Arutletakse
tidiendavate vdimaluste iile valu ja depressiooni ravimeetodite arendamiseks galaniinergiliste mehhanismide abil. Uhtlasi
kisitletakse moningaid USA toidu- ja ravimiameti heaks kiidetud migreeniravimeid, mis pdhinevad muudel bio-
aktiivsetel peptiididel. Kokkuvottes avaldatakse lootust, et neuropeptiidide alaste uuringute edusammud voivad edaspidi
aidata kaasa nérvisiisteemihaiguste ravile.
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