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This paper reviews evidence of direct interactions occurring in the central
nervous system between peptide- and dopamine-containing neural networks.
While it seems fairly clear that neuropeptides are involved in the process of
interneuronal communication, their specific role appears to be different from
that of classic transmitters (which include dopamine). Neuropeptides coexist
with dopamine in specific dopamine-containing neurons; in addition they
interact abundantly with the dopaminergic neurons, by acting either on the
perikarya or on the dopaminergic nerve terminals. Such interactions are
reciprocal and account for some behavioral correlates of neuropeptide and
dopamine alterations in the brain. They also shed new light on the pathophy-
siology of neurological and psychiatric diseases associated with depletion or
abundance of brain peptides.
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During the last two decades, following the intro-
duction into neurobiological research of several
new methods for morphological and pharmaco-
chemical analysis, much effort has been devoted
to the study of dopamine systems in brain.
Dopamine pathways are non-diffuse, topo-
graphically organized circuits, whose hodologi-
cal organization differs markedly from that of
other monoamine-containing systems [104,
105). Dopamine systems functionally interact
with a series of other chemically identified neu-
ronal networks, such as those containing acetyl-
choline, amino acids, and monoamines [16, 54].
In addition, very recent experimental evidence
suggests that the relationships between dopa-
mine and some neuropeptides are highly rele-
vant to an understanding of the central nervous
system dopaminergic function. This assumption
is based on two main considerations. In fact, not
only brain peptides have been detected in re-

gions where dopamine neurons and terminals
occur [66] but also some recent data suggest that
neuropeptides may be involved in the pathogen-
esis of brain diseases primarily affecting dopam-
inergic transmission [19,65]. This article reviews
the functional relationships occurring between
dopamine and brain peptides in normal and
pathological central nervous system activity.

Anatomofunctional considerations

As shown by radiochemical and immunohisto-
chemical studies, neuropeptides are distributed
in discrete brain regions, where they can be
detected in neural somata, processes and termi-
nals [144, 152]. Uneven distribution of brain
peptides supports the view that they are in-
volved in the process of interneuronal commu-
nication. In agreement with this general consid-
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eration, biochemical and pharmacological data
also suggest that the role of neuropeptides prob-
ably differs from that of classic transmitters
(e.g., acetylcholine, monoamine, and amino
acid) because: first, peptides are rather large
molecules, their average molecular weight being
more than ten times that of monoamines; sec-
ond, their concentration in neural tissue 1s
approximately 1000 times lower than that of
monoamines [64]; third, peptides originate via
the post-translational processing of macromo-
lecular precursors synthesized in the neural cell
bodies and transported from there to terminals.
Thus, synaptic availability of neuropeptides
does not depend (as is the case with most trans-
mitter molecules) upon local synthesis in nerve
endings or on reuptake from the synaptic cleft, it
depends almost exclusively on synthesis by
ribosomes and subsequent axonal transport.
This consideration supports the hypothesis that
neuropeptides are responsible for long-term sy-
naptic events or for modulating the action of
neurotransmitters [5, 17]. In fact, since it can be
assumed that the cellular mechanisms involved
in the biosynthesis, release and disposal of neu-
ropeptides are, in several ways, more complex
than those which operate for classic transmitters,
they offer correspondingly greater opportunity
for control and modulation. Most, if not ali,
neuropeptides are inactivated by extracellular
membrane-bound peptidases, although a contri-
bution from soluble peptidases released from
neural or glial cells cannot be ruled out [38].

Morphological data obtained by immunohisto-
chemistry have shown that neuropeptides may
coexist with monoamines or with other peptides
in some central nervous system pathways [64,
99]. This point, while not ruling out the possi-
bility that some or all neuropeptides may act as
primary transmitters to mediate phasic synaptic
events [42], further supports the view that neu-
ropeptides act as co-transmitters or modulators.

Therefore, when considering the functional role
of neuropeptides in dopamine-containing re-
gions of the central nervous system, several pos-
sibilities must be envisaged. First, neuropep-
tides may coexist with dopamine in the same
neuron; alternatively, neuropeptides may be
present in nondopaminergic neurons which are
organized in a way parallel to the dopamine-
containing neurons. In either case, peptides and
dopamine would be part of the same pathway.
Another possibility is that dopamine- and pep-
tide-containing neurons are connected serially,
so that dopamine neurons receive peptidergic
afferents (i.e. they possess receptors for neuro-
peptides), or vice versa. As described below, all
these possibilities are represented in the mam-
malian brain, and this explains why behavioral
and pharmacological data are often difficult to
interpret in terms of simple models.

Neuropeptides, which are dealt with in the
present paper, are listed in table I together with
some key references related to their chemical
and biological properties. The subdivision of
dopamine pathways into different anatomo-
functional systems is a commonly accepted cri-
terion [21, 104, 105]. Table II gives the classifi-
cation of dopamine pathways as used in the
present text, which is a modified version of that
originally proposed by Moore and Bloom [105].
For the sake of brevity, however, the guidelines
of this classification will not be analyzed here

[4).

Midbrain efferent system

Immunocytochemical studies have shown that
cholecystokinin octapeptide coexists with do-
pamine in a subpopulation of midbrain dopa-
mine neurons located in the anteromedial region
of substantia nigra and in the ventral tegmental
area [66, 67, 163]. Cell bodies containing both

TABLE L. Principal neuropeptides which are mentioned in the text, listed according to the number of their

amino acidic residues.

Number of

Name amino acids References
Thyrotropin releasing hormone 3 113,128
Enkephalins (Met, Leu) 5 53,68,103
Cholecystokinin 4,8,12,33(*%) 35,127
Substance P 11 72
Neurotensin 13 14
Somatostatin 14 52
a-Endorphin 15 53,106
y-Endorphin 16 53,106
Vasoactive intestinal polypeptide 28 48,49
B-Endorphin 31 53,88,106
Neuropeptide Y 36 157

(*) Cholecystokinin is present in nervous tissue only in the tetra- and octapeptide forms; the latter being amply more

represented
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TABLE I1. Classification of main dopamine pathways in the central nervous system

Pathway

Origin

Termination

Midbrain efferent

Periventricular

cular and

Substantia nigra (A8, A9)

Ventral tegmental area (A10)

campus
Retinal Amacrine-like neurons Inner and outer plexiform

layers
Tuberohypophysial Arcuate and periventricular nu-  Intermediate and posterior

clei (A12, A14)
Medullary group A2, periventri-
groups A11 and A14

Neostriatum, globus pallidus,
frontal cortex, nucleus ac-
cumbens
Cerebral cortex (frontal, su-
prarhinal, entorhinal, pyriform),
olfactory bulb and tubercle,
amygdala, lateral septum,
neostriatum, nucleus accumb-
ens, habenular nuclei, hippo-

lobes of pituitary, median emi-
nence
Periaqueductal and periventri-
cular gray, tegmentum, tectum,
thalamus, hypothalamus

periaqueductal

cholecystokinin and dopamine represent ap-
proximately from one half to one third of the
total population of midbrain dopamine neu-
rons; they project chiefly to the nucleus accumb-
ens, the tuberculum olfactorium, the caudate
nucleus, the bed of the stria terminalis, and the
central amygdaloid nucleus [102]. In addition,
positive immunohistochemistry for cholecysto-
kinin has also been found in nondopaminergic
cell bodies projecting to the same forebrain area
[67, 98]. Biochemical studies [62, 136] have also
shown that receptor sites specific to cholecysto-
kinin are present in regions where dopamine
receptors occur, namely in the cerebral cortex,
olfactory bulb, caudate nucleus, hippocampus,
hypothalamus and midbrain. The topographical
interrelationships between cholecystokinin and
dopamine receptor sites are not presently
known; however, biochemical and behavioral
experiments indicate that cholecystokinin can
reduce dopamine metabolism and dopamine-
mediated stereotyped behaviour, probably by
acting on presynaptic dopamine receptor sites
[86]. The same hypothesis may also explain why
cholecystokinin, when administered iontophor-
etically or systemically, produces activation of
midbrain dopaminergic neurons, while dopa-
mine agonists are inhibitory [142].

A wealth of pharmacological and behavioural
data proves that there are functional relation-
ships between enkephalin- and dopamine-con-
taining neuronal systems. The local injection of
opiates and of opioid peptides into the ventral
midbrain tegmentum induces hyperactivity me-
diated by activation of midbrain dopamine sys-
tems [13, 63, 73, 84, 150]. In addition, the
presence of opiate receptors on midbrain do-
pamine neurons has been documented [93, 173,

174], as has the occurrence of enkephalin-con-
taining terminals, which surround dopamine
neurons located in the substantia nigra and ven-
tral tegmental area [56, 76]. A likely hypothesis
is that enkephalinergic inputs to midbrain do-
pamine neurons derive — at least in part —
from the striatum, where perikarya containing
either enkephalin or GABA, or both, have been
detected [24, 25, 28, 32]. Enkephalinergic inputs
are thought to be excitatory, since microionto-
phoretic application of opiates is capable of
activating midbrain dopamine cell bodies [111].
It has also been shown that opiate receptors are
present in several forebrain nuclei, where they
are located presynaptically on terminals of mid-
brain dopamine neurons [31, 121, 122, 174]. It is
therefore possible that excitatory enkephaliner-
gic interneurons may exert presynaptic control
on dopamine nerve terminals in selected fore-
brain territories [31].

Although the coexistence of somatostatin and
dopamine in the same nerve cells is unlikely, the
existence of close relationships between dopa-
minergic and putatively somatostatinergic neu-
rons has been demonstrated in several verte-
brate species [52, 71, 141, 154]. All these studies
show that somatostatin-containing mneurons,
which are located in many forebrain territories
(namely the neocortex, cingulate cortex, olfac-
tory tubercle, neostriatum, nucleus accumbens,
amygdaloid complex, hippocampus and lateral
septum) receive direct innervation from the
midbrain dopamine cell bodies. A direct effect
of somatostatin on dopamine terminals located
in the striatum is also proven [18], this indicating
the possibility of reciprocal influence of dopa-
mine- and somatostatin-containing terminals.
The hodological organization of somatostatin-
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containing perikarya is not known in detail but
they give nise both to regional circuits (e.g., in the
striatum [33]) and to long pathways coursing
through major anatomical tracts (e.g., the me-
dial forebrain bundle [52]). In addition, soma-
' tostatin-containing nerve fibers have been
found in the ventral midbrain tegmentum [52].
The neostriatum, in particular, is believed to be
rich in both somatostatin-containing cell bodies,
probably interneurons [119, 145], and somato-
statin-containing afferent projections, which are
probably in direct relationship with the mesen-
cephalostriatal terminals [6]. Therefore, direct
relationships between somatostatin- and do-
pamine-containing neurons are likely to occur,
and they can explain some behavioral phenom-
ena elicited by somatostatin administration,
such as incoordination of motor activity and a
peculiar rotatory behavior known as “barrel
rotation” [20, 55, 130].
The existence of substance P-containing striato-
nigral neurons, which are part of the nigro-
striato-nigral loop, is now well documented.
Substance P-containing cell bodies are located
in the neostriatum [91]; their axon terminals
reach the substantia nigra and ventral tegmental
area, where they form axodentritic synapses
with dopamine midbrain neurons [10, 34, 80, 91,
92, 110, 146]. As shown by iontophoretic stud-
ies, substance P neurons are excitatory to mid-
brain dopamine cell bodies [27, 170], from which
they also receive feedback influence [60]. Sub-
stance P terminals located in the midbrain are
functionally connected with the GABAergic
striatonigral neurons [75]. The ventral tegmental
area also contains terminals of the substance
P-containing habenulotegmental neurons [44];
though it is not known whether these neurons
are in direct contact with dopamine cell bodies.
On the other hand, direct dopamine-substance P
interactions are likely to occur in the medial
habenular nucleus, where dopaminergic mesen-
cephalohabenular nerve endings may influence
the activity of substance P habenulointerpedun-
cular and habenulotegmental neurons [26, 91,
120]. Immunohistochemical studies [92] have
shown that a significant overlap exists between
the distribution of dopamine- and substance P-
containing nerve terminals in several forebrain
territories. This is the case in the frontal cortex,
amygdala, neostriatum, nucleus accumbens, lat-
eral septum and lateral habenular nucleus: all
these regions receive dopaminergic innervation
from the ventral tegmental area [4], while the
site(s) of origin of their substance P afferent
inputs has not yet been established [91]. The
existence of functional interactions between
substance P and dopamine nerve terminals in
forebrain is also supported by behavioral stud-
ies, which point to a different function for sub-
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stance P in the ventral midbrain tegmentum
from its role in the forebrain regions [82, 83,
149].

Many pharmacological and behavioral data
suggest that neurotensin shares several proper-
ties with neuroleptic drugs, and that it can inter-
fere with dopaminergic transmission [9, 108,
126, 143]. Neurotensin is active when injected
into. the ventral tegmental area or into the
nucleus accumbens, which is consistent with the
view that neurotensin systems interact mainly
with the mesencephaloaccumbens and mesen-
cephalolimbic pathways (see review by Neme-
roff and co-authors [109]). In fact, immunohis-
tochemical studies [57, 74, 161] have demon-
strated that neurotensin-containing perikarya
are located in the ventral tegmental area, just
dorsal to the interpeduncular nucleus, and in the
amygdala; neurotensin-containing terminals
can be detected in the neostriatum, central
amygdaloid nucleus, nucleus accumbens and
ventral tegmental area. It has also been shown
that the ventral tegmental area is rich in recep-
tors for neurotensin [124, 175]; possibly located
on midbrain dopamine perikarya, since neuro-
tensin microinjections into the ventral tegmen-
tal area produce behavioral activation, which is
mediated through dopamine mesencephalolim-
bicneurons[79]. These data allow us to conclude
that neurotensin neurons are not only organized
in a way parallel to the midbrain dopamine
efferent system but also that they influence
directly both dopamine somata located in the
midbrain and forebrain dopamine terminals
[29]. An organization of this kind is consistent
with the view that midbrain neurotensin neu-
rons possess recurrent axon collaterals imping-
ing upon dopamine somata and also suggests
that the relationships occurring between do-
pamine- and neurotensin-containing neuronal
networks are rather complex.

The above data suggest that there are at least
four components of the midbrain efferent sys-
tem, relevant to transmitter molecules (Fig. 1):
(1) dopamine-containing neurons; (2) dopa-
mine- and cholecystokinin-containing neurons;
(3) cholecystokinin-containing neurons; (4)
neurotensin-containing neurons. The efferent
projections of these four groups of midbrain
neural somata partially overlap, as all of them
are directed to forebrain target sites. Cholecys-
tokinin- and neurotensin-containing cell bodies
probably correspond to nondopaminergic mid-
brain neurons, which have been shown to be
located both in the substantia nigra and in the
ventral tegmental area [1, 2, 3, 164]. In addition
to these peptide-containing pathways set “in
parallel” to midbrain dopamine neurons, the
above data also point to “serial” connections
between neuropeptide- and dopamine-contain-
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Fig. 1. Wiring diagram of the organizazion of the midbrain efferent system. Cell bodies which are located
in the midbrain contain dopamine (DA), cholecystokinin (CCK), or neurotensin (NT): they project
rostrally to several forebrain regions via the medial forebrain bundle ( mfb) and the fasciculus retroflexus
(fr.) Forebrain iarget sites are abbreviated as follows: Acc, nucleus accumbens; CC, cerebral cortex;
CPu, caudate-putamen; HN, habenular nuclei; LS, lateral septum,; OT, olfactory tubercle.

ing neurons. Thus, peptide-containing systems
impinge upon midbrain dopamine cell bodies;
they originate from: (1) substance P- and enke-
phalin-rich somata located in the neostriatum,
and (2) somatostatin-containing neurons lo-
cated in several cortical and subcortical areas of
the forebrain. Finally, the above data indicate
that dopamine terminals exert a direct action
upon peptide-containing neurons, such as in the
case of: (1) dopamine innervation of somatos-
tatin-rich cell bodies located in the forebrain,
and (2) dopamine innervation of substance P-
containing somata located in the habenular
nuclei. Further studies will certainly elucidate
the still obscure relationships between other
neuropeptide-containing systems and the do-
paminergic midbrain efferent pathways [147].

Retinal system

In addition to monoamines, the vertebrate reti-
na contains a large number of neuropeptides,
namely enkephalins, substance P; glucagon,
thyrotropin releasing hormone, cholecystokin-
in, neurotensin, vasoactive intestinal polypep-

tide, somatostatin [11, 12, 47, 81, 138, 140, 148].
Immunohistochemical studies have also shown
that retinal peptides are almost confined to ama-
crine cells [11, 81, 100, 160]. Since some of the
amacrine cells are known to contain dopamine,
what are the relationships between dopamine-
and peptide-containing cells in the retina? This
question has not been completely answered
although preliminary morphological data seem
to indicate that the coexistence of peptides and
monoamines (particularly dopamine) is fairly
common, while the coexistence of different pep-
tides is rare [81].

Tuberohypophysial system

It is well established that several neuropeptides
are present in the hypothalamus and pituitary of
vertebrates [52]. However, peptides exclusively
involved in endocrine functions as hypophysio-
tropic factors or neurohormones will not be
dealt with here (for a review, see ref. 128). The
present section will consider only those hypo-
thalamic peptides which have a role in interneu-
ronal communication and are related to dopa-
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minergic tuberohypophysial neurons. Firstly, it
must be remembered that most studies on the
tuberohyrophysial system are based on the
inhibitory action of dopamine on prolactin se-
cretion from the pituitary [128, 137]. Dopamine
is the most important prolactin inhibiting fac-
tor, but many data point to other prolactin
inhibiting as well as releasing factors [128]. Since
not all the prolactin inhibiting activity of hypo-
thalamic extracts can be mimicked by dopam-
ine, it is clear that other molecules (including
some peptides) exert inhibitory or stimulant
activity on prolactin release.

The presence of peptides that act like morphine
in the bovine pituitary was first reported by
Teschemacher and Cox [159] and has since been
confirmed by several biochemical and immuno-
histochemical reports (see review in ref. 152).
Immunohistochemical studies have provided
clear accounts of the topographical organization
of endorphin and enkephalin pathways [50,
167], while pharmacological studies have shown
that opiates and opioid peptides may affect the
release of both adeno- and neurohypophysial
hormones [59, 128, 165]. In the case of prolactin
release, opiates and opioid peptides increase
prolactin secretion through inhibition of do-
pamine release in the tuberohypophysial neu-
rons [70, 129, 167].

Immunohistochemical studies have demon-
strated that endorphin-containing perikarya,
which are located in the arcuate nucleus of the
hypothalamus, are separate from dopamine-
containing tuberohypophysial neurons [70];
further, the presence of a rich arborization of
endorphin-containing nerve endings in the me-
dian eminence [50] suggests that endorphin and
dopamine pathways originating from the ar-
cuate nucleus may be organized in parallel. In
the light of this, it has also been proposed that
the presence of direct axo-axonal contacts be-
tween endorphin- and dopamine-containing
neurons may account for the pharmacological
action of opiates on prolactin secretion [30]. Itis
not presently clear whether the dopamine- and
enkephalin-containing neurons in the arcuate
and periventricular nuclei of the hypothalamus
are related in any way. Available data seem to
indicate that enkephalin neurons of the hypo-
thalamus are mostly concerned with control of
neurohypophysial secretion [165, 166]. The
same seems to apply to cholecystokinin- and
gastrin-containing cell bodies[163]. Finally, stu-
dies on the role of dynorphin in the tuberohy-
pophysial system are under way [22, 24, 114].

Neurotensin is very active on the secretion of
several pituitary hormones, including prolactin
[96, 132, 169]. As shown by immunohistochem-
ical studies, the organization of neurotensin sys-
tems in the hypothalamus is very extensive and
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complex: however, there seems to be considera-
ble overlap in the topography of dopamine- and
neurotensin-containing neurons located in the
arcuate nucleus and projecting to the median
eminence [78]. Very recently, Ibata and co-
authors [69] have demonstrated the existence of
tuberoinfundibular neurons containing both
dopamine and neurotensin. However, analysis
of the functional interactions between dopa-
mine and neurotensin systems is still open for
future research, especially as conflicting results
have been published on the action of neuroten-
sin on prolactin secretion [95], and interactions
between neurotensin, substance P, and opiates
are likely to occur [132].

Periventricular system

The organization of the periventricular system
as defined by Lindvall and coworkers [90]1s still
controversial but it has been used in the present
classification for reasons that have been dis-
cussed elsewhere [4]. Even now the relationships
between peptide- and dopamine-containing
neurons of the periventricular system cannot be
defined in detail. For example, it is particularly
hard to understand the relationships occurring
between dopamine and the neuropeptides con-
tained in neurons located in the anterior and
posterior hypothalamus or in other periventric-
ular regions, as in the case of: (1) enkephalin-
rich somata and fibers of the anterior hypothal-
amic nucleus {51]; (2) oxytocin and vasopressin
neurons of the periventricular nucleus project-
ing rostrally and caudally to various brain
regions [15]; (3) gastrin- and cholecystokinin-
containing cell bodies located in the periventric-
ular nucleus of the anterior hypothalamus [163];
(4) somatostatin neurons, which seem to be
located in the nucleus of the solitary tract as well
as in the hypothalamus [115].

It has also been shown that some putatively
peptidergic systems, coursing in the ventral and
dorsal brain stem tegmentum are organized sim-
ilarly to dopamine and noradrenaline axons of
the periventricular system. In fact, 3-endorphin-
containing cell bodies, which are located in the
arcuate nucleus and medial basal hypothala-
mus, give rise to some ascending and to descend-
ing projections running both dorsal and ventral
to the sylvian aqueduct and to the ventricles [24].
In addition, neurotensin neurons located in the
anterior hypothalamus (including the anterior
hypothalamic nucleus [78]) apparently project
caudally to the brain stem and spinal cord, via
the ventral brain stem tegmentum [74].
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Clinical and pathological findings

Neuropeptide alterations have been demon-
strated in several neurological and psychiatric
disorders by means of vital and post mortem
studies: the first are mainly based on cerebro-
spinal fluid determination of peptide molecules;
the latter consist essentially of biochemical and
immunocytochemical data obtained from au-
topsy material. Problems and perspectives re-
lated to these techniques have recently been dis-
cussed by Edwardson and McDermott [38].
Parkinson disease is the most important neuro-
logical disorder associated with impairment of
dopamine function in the brain, although it is
now generally accepted that this condition also
affects other neurotransmitter functions [131].
Studler and coauthors [151] reported that cho-
lecystokinin octapeptide immunoreactivity is
selectively decreased in the substantia nigra
(and not 1n the adjacent ventral tegmental area)
of parkinsonian subjects and infer that degen-
eration is confined to mesencephalostriatal neu-
rons, the mesencephalolimbic pathway being
unaffected. As shown by Taquet and coauthors
[155, 156], methionine-enkephalin is deficient in
the midbrain of parkinsonian subjects, a feature
indicating a possible compromission of enke-
phalinergic striatonigral cell bodies. Then there
1s the finding that substance P levels are reduced
in the frontal cortex, hippocampus and entorhi-
nal cortex of parkinsonian patients [46] as well
as in patients with Shy-Drager’s disease [112]; it
is therefore likely that the substance P-contain-
ing striatonigral neurons are also affected. Du-
pont and coauthors [37] reported reduced soma-
tostatin levels in the cerebrospinal fluid as a
specific and irreversible abnormality occurring
in parkinsonian patients, indicating impairment
of somatostatinergic transmission. In this re-
gard, some preliminary data indicate that the
reduction of somatostatin levels in Parkinson
disease correlates directly with the degree of
mental deterioration seen in these patients [46].
Further, since a marked reduction of somato-
statin occurs in other neurological diseases asso-
ciated with progressive dementia (e.g. Hunting-
ton chorea [23] and Alzheimer disease [135]), it
may be conjectured that somatostatin-contain-
ing neurons play a part in maintaining higher
cortical activity. In addition, as animal studies
show (vide ante), a direct role of somatostatin in
generating abnormal motor behavior is a possi-
bility to be taken into account.

Itis well documented that Huntington disease is
an extrapyramidal disorder primarily affecting
the basal ganglia. It has also been proposed that
this disease is characterized by a specific impair-
ment of GABA transmission in the striatum,

leading to a relative prevalence of dopamine
activity in the nigrostriatal pathway [118, 162,
172]. Subsequent investigations, however, have
shown a decrease of several neuropeptide levels
in the brains of choreic patients, since depletion
of substance P, methionine-enkephalin, and
cholecystokinin octapeptide occurs in the glo-
bus pallidus and in the substantia nigra, indi-
cating-a loss of peptidergic inputs along the
nigro-striato-nigral loop [43, 45, 176]. Further,
receptors for cholecystokinin are significantly
reduced, not only in the basal ganglia, but alsoin
the frontal cortex [62]. In contrast to the deple-
tion of several putative neurotransmitters (see
also data on somatostatin reported above), neu-
rotensin and neuropeptide Y are significantly
increased in the caudate nucleus of choreic
patients [41, 97], thus indicating that pathways
containing these neuropeptides may be unaf-
fected by the degenerative process.

In the case of schizophrenia, a complex psy-
chiatric disease probably associated with an
alteration of dopamine activity in the brain
[116], the possible involvement of neuropeptide
systems must also be considered. Shortly after
the discovery of endogenous opioid peptides it
was reported that such materials were elevated
in the cerebrospinal fluid of unmedicated schiz-
ophrenic patients and that these levels returned
to normal after medication [58, 89, 158]. This
“endorphin excess” theory of schizophrenia has
been supported by a number of reports [7, 36,
39, 40, 87, 134, 171)]. The picture has become,
however, much more complicated by the sugges-
tion that schizophrenia may be associated with
an endogenous opioid deficiency rather than
with an excess since beneficial effects of (-
endorphin, enkephalin analogues and des-tyr-
v-endorphin on schizophrenic patients have
been reported [77, 85, 107, 168]. Unfortunately,
these reports have not all been based on double-
blind controlled studies and not enough patients
been studied in a sufficient number of indepen-
dent laboratories to pinpoint the role of opioid
peptides in schizophrenia. Then there is the pos-
sible involvement of non-opioid peptides in
schizophrenia, suggested by post mortem studies
demonstrating that cholecystokinin and soma-
tostatin are reduced in the hippocampus and
amygdala [133], but not in the entorhinal cortex
[117] of brains of schizophrenics. Neurotensin
levels, on the other hand, are increased, in most
brain regions [8]. Before are drawn conclusions
from these findings it must be remembered that
schizophrenia is not a homogeneous clinical
entity and that the interpretation of experimen-
tal data is complicated by the existence of sev-
eral different variants of the disease. Another
point to bear in mind is the administration of
neuroleptic drugs, which interfere significantly
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with levels of most neuropeptides in brain [94].
Moreover data based on cerebrospinal fluid
determinations are often equivocal [123, 153].

In summary, alterations of some neuropeptide
systems are likely to be associated with neuro-
psychiatric disorders affecting dopaminergic
transmission in brain. The list of experimental
data mentioned here must still be regarded as
preliminary, and does not permit any definite
conclusions. However, some anatomoclinical
correlations may be outlined as follows. First, it
is apparent that neuropeptide pathways directly
connected with midbrain dopamine systems are
involved in Parkinson disease: this seems to be
the case not only for peptidergic neurons im-
pinging upon midbrain dopamine perikarya,
but also for cholecystokinin-rich somata located
in the ventral midbrain tegmentum, while no
data are present in the literature dealing with
midbrain neurotensin-containing neurons. Sec-
ond, somatostatin-containing neurons probably
play a part in the pathogenesis of mental deter-
ioration associated with degenerative diseases of
the brain. In this connexion, it should be noted
that the “somatostatin hypothesis” of dementia
is not necessarily incompatible with other simi-
lar postulations, such as the “acetylcholine” and
the “dopamine” hypotheses. Too little is known
about the anatomy of somatostatin pathways to
allow detailed anatomoclinical interpretation of
circuitries involved in the dementing process.

Third, data on neuropeptide alterations in Hun-
tington chorea imply a biochemical selectivity of
the degenerative process, which is evidenced by
a selective survival of neurotensin- and neuro-
peptide Y-containing systems. Finally, in our
opinion the role of neuropeptides in schizoph-
renia (as well as in other psychiatric illnesses)
has yet to be outlined in a meaningful way.

The possibility of using peptides as drugs for the
therapy of neuropsychiatric diseases depends
not only upon a clear understanding of the role
of neuropeptides in physiological and patholog-
ical brain activity, but also on pharmacokinetic
properties allowing them to reach their sites of
action in the brain. Since virtually all ingested
peptides are hydrolyzed to amino acids by endo-
luminal peptidases, it is obvious that these mole-
cules would have to be administered parenteral-
ly. Bloodborne peptides must withstand peri-
pheral inactivation and cross the blood-brain
barrier. This does not appear to be a problem
for, ashas been shown firstly for opioid peptides
[125], some, if not all, neuropeptides do enter the
central nervous system (see review in ref. 101).
In conclusion, neuropeptides are not only im-
portant synaptic messengers, but they may also
be regarded as putative therapeutic tools. Their
application is an open avenue for clinical re-
search in the fields of neurology and psychia-
try.

Acknowledgments. The authors are greatly indebted to Prof. G. Macchi for his reliance on their work, and for his
guidance; they also thank Mrs. M. Bonfante for editorial assistance.

Sommario

Il presente articolo analizza le relazioni esistenti tra i circuiti dopaminergici centrali e quelli contenenti
neuropeptidi. Nonostante si possa affermare con sufficiente certezza che i neuropeptidi siano attivi nei
processi di comunicazione interneuronale, il loro ruolo specifico sembra essere alquanto differente da
quello dei trasmettitori classici (tra i quali vi é la dopamina). In alcuni circuiti centrali é stata dimostrata
la coesistenza di neuropeptidi e di dopamina in una stessa cellula nervosa; tuttavia, la maggior parte delle
interazioni dirette tra queste sostanze avviene mediante 'azione dei neuropeptidi sul pericario o sui
terminali delle cellule dopaminergiche. Si tratta di interazioni reciproche, responsabili in molti casi di
importanti correlati comportamentali. Le interazioni tra dopamina e neuropeptidi sono probabilmente
anche alla base dei processi patogenetici di alcune sindromi neurologiche e psichiatriche: un aspetto,
questo, capace di aprire nuove feconde possibilita di ricerca sia cliniche che terapeutiche.

Address reprint requests to: Dr. Alberto Albanese
Istituto di Neurologia Universita Cattolica
Largo A. Gemelli, 8§ — 00168 Roma

398



Albanese: Neuropeptides and dopamine

References

[1] ALBANESE A.: Dopaminergic and non-dopamin-
ergic mesencephalo-septal and mesencephalo-ac-
cumbens neurons in the rat. Neuroscience 7: S4,
1982

[2] ALBANESE A., BENTIVOGLIO M.: The organiza-
tion of dopaminergic and non-dopaminergic me-
sencephalo-cortical neurons in the rat. Brain Res.
238: 421-425, 1982

[3] ALBANESE A., MINCIACCHI D.: Organization of
the ascending projections from the ventral tegmen-
tal area: a multiple fluorescent retrograde tracer
study in the rat. J. Comp. Neurol. 216: 406-420,
1983

[4] ALBANESE A., MaccHI G., BENTIVOGLIO M.:
L’organizzazione anatomica dei circuiti dopami-
nergici nel sistema nervoso centrale. In: I sistemi
dopaminergici: motilita, affettivita, corticalita.
Agnoli A., Bertolani G. (eds) Roma, Pubblica-
zioni “D. Guanella”, pp. 26-37, 1982

[5] BARKER J.L.: Peptides: roles in neuronal excita-
bility. Physiol. Rev. 56:435-452, 1976

[6] BEaL M.F., DoMESICK V.B., MARTIN J.B.: Re-
gional somatostatin distribution in the rat stria-
tum. Brain Res. 278: 103-108, 1983

[7] BERGER P.A., WATSON S.J., AKIL H., BARCHAS
1.D.: The effects of naloxone in chronic schizo-
phrenia. Am. J. Psych. 138: 913-918, 1981

{8] BisseTTE G.P.: (personal communication)

[9] BisseTTE G.P., MANBERG P., NEMEROFF C.B.,
PRANGE A.J.: Neurotensin, a biologically active
peptide. Life Sci. 23: 2173-2182, 1978

[10] BrauTH S.E., REINER A., KITT C.A., KARTEN
H.J.: The substance P-containing striatotegmen-
tal path in reptiles: an immunohistochemical
study. J. Comp. Neurol. 219: 305-327, 1983

[11] BRECHA N., KARTEN H.J., LavErack C.: En-
kephalin-containing amacrine cells in the avian
retina: immunohistochemical localization. Proc.
Natl. Acad. Sci. 76: 3010-3014, 1979

[12] BrRECHA N., KARTEN H.J., SCHENKER C.: Neu-
rotensin-like and somatostatin-like immunoreac-
tivity within amacrine cells of the retina. Neuro-
science 6: 1329-1340, 1981

[13] BrRoEkkaMP C.L.E., PHILLIPS A.G., CooLS
A .R.: Stimulant effects of enkephalin microinjec-
tion into the dopaminergic A10 area. Nature 278:
560-562, 1979

[14] BRowN D.R., MILLER R.J.: Neurotensin. Brit.
Med. Bull. 38: 239-245, 1982

[15] Butis R.\M.: Intra- and extrahypothalamic vaso-
pressin and oxytocin pathways in the rat. Path-
ways to the limbic system, medulla oblongata and
spinal cord. Cell Tiss. Res. 192: 423-435, 1978

{16] BUTCHER L.L. (ed): Cholinergic-monoaminergic
interactions in the brain. New York, Academic
Press, 1978

[17] CALNE D.B.: Neurotransmitters, neuromodula-
tors, and neurohormones. Neurology 29: 1517-
1521, 1979

[18} CuesseLeTr ML.F., REISINE T.D.: Somatostatin
regulates dopamine release in rat striatal slices
and car caudate nuclei. J. Neurosci. 3: 232-236,
1983

[19] CBRISTENSEN S.E., DUPONT E., PRANGE HANS-
EN A., DE FINE OLIVARIUS B., Orskov H.:

Somatostatin and the central nervous system. A
review with special reference to Parkinson’s dis-
ease. In: Parkinson’s disease. Current progress,
problems and management. Rinne UK.,
Klingler M., Stamm G. (eds) Amsterdam, Else-
vier/ North-Holland, 1980, pp. 49-60
[20] ConN M.L., CouN M.: Barrel rotation induced
by somatostatin in the non-lesioned rat. Brain
Res. 96: 138-141, 1975
[21] Coorer J.R., BLoOM F.E., RoTH R.H. (eds): The
biochemical basis of neuropharmacology. Fourth
Edition. New York, Oxford University Press,
1982
[22] Cox B.M., GHAZAROSSIAN V.E., GOLDSTEIN A.:
Level of immunoreactive dynorphin in brain and
pituitary of Brattleboro rats. Neurosci. Lett. 20:
85-88, 1980
[23] CraMER H., KOHLER J., OEPEN G., SCHOMBURG
G., SCHROTER E.: Huntington’s chorea. Measure-
ments of somatostatin, substance P and cyclic
nucleotides in the cerebrospinal fluid. J. Neurol.
225: 183-187, 1981
[24] CueLLO A.C.: Central distribution of opioid pep-
tides. Brit. Med. Bull. 39: 11-16, 1983
[25] CueLLo A.C., DEL Fiacco M., PaxmNos G.,
SoMoGY1 P., PRIESTLRY J.V.: Neuropeptides in
striato-nigral pathways. J. Neural Transm. 51:
83-96, 1981
[26] CueLLO A.C., EmMsoN P.C., PaxiNos G., JESSEL
T.: Substance P containing and cholinergic pro-
Jections from the habenula. Brain Res. 149: 413-
429, 1978
[27] Davis J., DRAY A.: Substance P in substantia
nigra. Brain Res. 107: 623-627, 1976
[28] DeL Fiacco M., Paxinos G., CueLLo A.C.:
Neostriatal enkephalin-immunoreactive neurones
project to the globus pallidus. Brain Res. 231:
1-17, 1982
[29] De Quint M., EMsoN P.C.: Neurotensin facili-
tates dopamine release in vitro from rat striatal
slices. Brain Res. 274: 376-380, 1983
[30] DeYO S.N., SwiFl R.M., MILLER R.J.: Morphine
and endorphins modulate dopamine turnover in
rat median eminence. Proc. Natl. Acad. Sci. 76:
3006-3009, 1979
[31] DiamonD B.L., BorisoN R.L.: Enkephalins and
nigrostriatal function. Neurology 28: 1085-1088, .
1978
[32} Dt Criara G. (personal communication)
[33] D1 FigLIA M., ARONIN N.: Ultrastructural fea-
tures of immunoreactive somatostatin neurons in
the rat caudate nucleus. J. Neurosci. 2: 1267-
1274, 1982
[34] Di1FicLIA M., ARONIN N, LEEMAN S.E.: Immu-
noreactive substance P in the substantia nigra of
the monkey: light and electron microscopic local-
ization. Brain Res. 233: 381-388, 1981
[35] DockrAY G.J.: The physiology of cholecystokin-
in in brain and gut. Brit. Med. Bull. 38: 253-258,
1982
{36] DoMSCHKE W., DICKSCHAS A., MITZNEGG P.:
- CSF beta-endorphin immunoreactivity in schiz-
ophrenia. Lancet 1: 1024, 1979
[37} DuponNT E., CHRISTENSEN S.E., HANSEN A.P.:
Low cerebrospinal fluid somatostatin in Parkin-
son disease: an irreversible abnormality. Neuro-
logy 32: 312-314, 1982

399



The Italian Journal of Neurological Sciences

[38] EDWARDSON J.A., MCDERMOTT J.R.: Neuro-
chemical pathology of brain peptides. Brit. Med.
Bull. 38: 259-264, 1982

[39] EMRrRIcCH HW ., CorRDING C., PIREE S.: Indication
of an anti-psychotic action of the opiate antagonist
naloxone. Pharmakopsych. Neuropsychophar-
mak. 10: 265-270, 1977

[40] EMrIcH H.M., HOLL T., KisSLING N., FISCHLER
M., Laspe H., HEINEMANN H., VON ZERSSEN D.,
HERZ A.: Beta endorphin-like immunoreactivity
in cerebrospinal fluid and plasma of patient with
schizophrenia and other neuropsychiatric disord-
ers. Pharmakopsychiatrie 12: 269-276, 1979

[41] EMSsoN P.C. (personal communication)

{42] EMSON P.C.: Peptides as neurotransmitter candi-
dates in the mammalian CNS. Prog. Neurobiol.
13: 61-116, 1979

[43] Emson P.C., ARREGUI A., CLEMENT-JONES V.,
SANDBERG B.E.B., ROssor M.: Regional distri-
bution of methionine-enkephalin and substance P-
like immunoreactivity in normal human brain and
in Huntington’s disease. Brain Res. 199: 147-160,
1980

[44] EmsoN P.C., CueLLO A.C., PAXINOS, G., JESSELL
T., IVERSEN L.L.: The origin of substance P and
acetylcholine projections to the ventral tegmental
area and interpeduncular nucleus in the rat. Acta
Physiol. Scand., suppl. 452: 43-46, 1977

[45] Emson P.C., REHFELD J.F., LANGEVIN H., Ros-
SOR M.: Reduction in cholecystokinin-like immu-
noreactivity in the basal ganglia in Huntington’s
disease. Brain Res. 198: 497-500, 1980

[46] EPELBAUM J., RUBERG M., MoYSE E., JAvVOY-
AcID F., DuBois B., AGID Y.: Somatostatin and
dementia in Parkinson’s disease. Brain Res. 278:
376-378, 1983

[47] Eskay R.L., LonNG R.T., IUVONE P.M.: Evidence
that TRH, somatostatin and substance P are pre-
Sent in neurosecretory elements of the vertebrate
retina. Brain Res. 196: 554-559, 1980

[48] FAHRENKRUG J.: Vasoactive intestinal polypep-
tide. Trends Neurosci. 3: 1-2, 1980

[49] FAHRENKRUG J., EMSON P.C.: Vasoactive intes-
tinal polypeptide: functional aspects. Brit. Med.
Bull. 38: 265-270, 1982

[50] FINLEY J.C.W., LINDSTROM P., PETRUSZ P.:
Immunocytochemical localization of B-endorphin-
containing neurons in the rat brain. Neuroendo-
crinology 33: 28-42, 1981

[51} FINLEY J.C.W., MADERDRUT J.L., PETRUSZ P.:
The immunocytochemical localization of enkeph-
alin in the central nervous system of the rat. J.
Comp. Neurol. 198: 541-565, 1981

[52] FINLEY J.C.W., MADERDRUT J.L., ROGER L.J,,
PETRUSZ P.: The immunocytochemical localiza-
tion of somatostatin-containing neurons in the rat
central nervous system. Neuroscience 6: 2173-
2179, 1981

{53} FREDERICKSON R.C.A., GEARY L.E.: Endoge-
nous opioid peptides: review of physiological,
pharmacological and clinical aspects. Prog. Neu-
robiol. 19: 19-69, 1982

[54] GARATTINI S., PutoL J.F., SAMANIN R. (eds):
Interactions between putative neurotransmitters
in the brain. New York, Raven Press, 1978

400

[55] GARCIA SEvILLA J.A., MAGNUSSON T., CARLS-
SON A..: Effect of intracerebroventricularly admin-
istered somatostatin on brain monoamine turn-
over. Brain Res. 155: 159-164, 1978

[56] GasPAR P., BERGER B., GAY M., HAMON M.,
CesseLIN F., VieNY A., JaAvoYy-AGID F., AGID
Y.: Tyrosine hydroxylase and methionine-en-
kephalin in the human mesencephalon. Immuno-
cytochemical localization and relationships. J.

- Neurol. Sci. 58: 247-267, 1983

[57] GOEDERT M., MANTYH P.W., HUNT S.P., EM-
SON P.C.: Mosaic distribution of neurotermin-like
immunoreactivity in the car striatum. Brain Res.
274: 176-179, 1983

[58] GUNNE L.M., LINDSTROM L., TERENIUS L.:
Naloxone induced reversal of schizophrenic hallu-
cinations. J. Neurol. Transm. 40: 13-19, 1977

[59] HoLapAY JW., Lon H.H.: Endorphin-opiate
interactions with neuroendocrine system. Adv.
Biochem. Psychopharmacol. 20: 227-258, 1979

[60] Hanson G.R., ALpHsS L., WoLF W., LEVINE R.,
LoveENBERG W.: Haloperidol-induced reduction
of nigral substance P-like immunoreactivity: a
probe for the interactions between dopamine and
substance P neuronal systems. J. Pharmacol. Exp.
Ther. 218: 568-574, 1981

[61] Hays S.E., GoopwiN F.X., PAUL S.M.: Chole-
cystokinin receptors are decreased in basal gan-
glia and cerebral cortex of Huntington’s disease.
Brain Res. 225: 452-456, 1981

[62] HAYs S.E., MEYER D.K., PAUL S.M.: Localiza-
tion of cholecystokinin receptors on neuronal ele-
ments in rat caudate nucleus. Brain Res. 219:
208-213, 1981

{63] HIRSCHHORN 1.D., HITTNER D., GARDNER E.-
L., CuseLLs J., MAKMAN M.H.: Evidence for a
role of endogenous opioids in the nigrostriatal sys-
tem: influence of naloxone and morphine on
nigrostriatal dopaminergic supersensitivity. Brain
Res. 270: 109-117, 1983 o

[64] HOKFELT T., JoHANSSON O., LIUNGDAHL A,
LUNDBERG J.M., SCHULTZBERG M.: Peptidergic
neurones. Nature 284: 515-521, 1980 o

[65] HOKFELT T., JoHANSSON O., LJUNGDAGL A,
LUNDBERG J.M., SCHULTZBERG M., FUXE K.,
SkIRBOLL L., ScHWARCS R., GOLDSTEIN M.:
Peptidergic neurons in the nervous system with
special reference to the extrapyramidal system:
morphological and functional aspects. In: Parkin-
son’s disease. Current progress, problems and
management. Rinne U.K., Klingler M., Stamm
G. (eds) Amsterdam, Elsevier/North-Holland,
pp- 29-48, 1980

[66] HOKFELT T., REHFELD J.F., SKIRBOLL L., IVER-
MARK B., GOLDSTEIN M., MARKEY K.: Evidence
for coexistence of dopamine and CCK in meso-
limbic neurones. Nature 285: 476-478, 1980

[67] HOXFELT T., SKIRBOLL L., REHFELD J.F., GOLD-
STEIN M., MARKEY K., DANN O.: 4 subpopula-
tion of mesencephalic dopamine neurons project-
ing to limbic areas contains a cholecystokinin-like
peptide: evidence from immunohistochemistry
combined with retrograde tracing. Neuroscience
5: 2093-2124, 1980

[68] HUGHES J.: Biogenesis, release and inactivation
of enkephalins and dynorphins. Brit. Med. Bull.
39: 17-24, 1983 :



Albanese: Neuropeptides and dopamine

[69] IBaTA Y., FUukul K., OKAMURA H., KAWARAMI
T., TANAKA M., OBATA H.L,, Tsuto T., TERU-
BAYASHI H., YANAIHARA C., YANAIHARA M.:
Coexistence of dopamine and neurotensin in hypo-
thalamic arcuate and periveniricular neurons.
Brain Res. 269: 177-179, 1983

[70] IsaTA Y., WaTANABE K., KiNosHITA H., KUBO
S., SANOY., SAKURA N., YANAIHARA C., YANAI-
HARA N.. Dopamine and o-endorphin are con-
tained in different neurons of the arcuate nucleus
of hypothalamus as revealed by combined fluores-
cence histochemistry and immunohistochemistry.
Neurosci. Lett. 17: 185-189, 1980

[71] INAGAKI S., SHIOSAKA S., TAKATSUKI K., SAKA-
NAKA M., TAKAGI H., SENBA E., MATSUTSAKI T,
TOHYAMA M.: Distribution of somatostatin in the
[frog brain, Rana catesbiana, in relation to location
?,[ catecholamine-containing neuron systems. J.

omp. Neurol. 202: 89-101, 1981

[72] IVERSEN L.L.: Substance P. Brit. Med. Bull. 38:
277-282, 1982

[73] Iwamoto ET., WaY EL.: Opiate actions and
catecholamines. Adv. Biochem. Psychopharma-
col. 20: 357-408, 1977

[74] Jennes L., STumPF W.E., KALIVAS P.W.: Neu-
rotensin: iopographical distribution in rat brain by
immunohistochemistry. J. Comp. Neurol. 210:
211-224, 1982

[75] JesseLL T.M.: Substance P release from the rat
substantia nigra. Brain Res. 151: 469-478,
1978

[76] JounsoN R.P., SAR M., STuMPF W.E.: 4 topo-
graphic localization of enkephalin on the dopa-
mine neurons of the rat substantia nigra and ven-
tral tegmental area demonstrated by combined
histofluorescence-immunohistochemistry.  Brain
Res. 195: 566-571, 1980

[77] JORGENSSON A., FoG R., VEILIS B.: Synthetic
enkephalin analogue in treatment of schizophre-
nia. Lancet 1: 935, 1979

[78] KauN D., ABrRaMS G.M., ZIMMERMAN E.A.,
CARRAWAY R., LEEMAN S.E.: Neurotensin neu-
rons in the rat hypothalamus: an immunohisto-
chemical study. Endocrinology 107: 47-54,
1980

{79] KALivas P.W., BURGESS S.K., NEMEROFF C.B.,
PRANGE A.J. Jr.: Behavioral and neurochemical
effects of neurotensin microinjection into the ven-
tral tegmental area of the rat. Neuroscience 8:
495-505, 1983

[80] KaNAazawa 1., MoGAKI S., MurRAMOTO O., KU-
ZUHARA S.: On the origin of substance P-contain-
ing fibres in the entopeduncular nucleus and the
substantia nigra of the rat. Brain Res. 184: 481-
485, 1980

i81] KARTEN H.J., BRECHA N.: Localization of sub-
stance P immunoreactivity in amacrine cells of the
retina. Nature 283: 87-88, 1980

[82] KELLEY A.E., IVERSEN S.D.: Substance P infu-
sion into substantia nigra of the rat: behavioural
analysis and involvement of striatal dopamine.
Eur J. Pharmacol. 60: 171-179, 1979

[83] KELLEY A.E., STINUS L., IVERSEN S.D.: Behav-
ioural activation induced in the rat by substance P
infusion into ventral tegmental area: implication
of dopaminergic A10 neurons. Neurosci. Lett. 11:
335-339, 1979.

[84] KerLLey AE, STiNUS L., IVERSEN S.D.: Interac-
tions between D-ala-met-enkephalin, A10 dopam-
inergic neurones, and spontaneous behaviour in
the rat. Behav. Brain Res. 1: 3-24, 1980.

[85] KLINE N.S., Lt C.M., LEHMANN H.E.: B-endor-
phin-induced changes in schizophrenic and de-
pressed patients. Arch. Gen. Psych. 34: 1111-
1113, 1977.

[86] KovAcs G.L., SzaBo G., PENKE B., TELEGDY
G.: Effects of cholecystokinin octapeptide on
striatal dopamine metabolism and on apomor-
phine-induced stereotyped cage-climbing in mice.
Eur. J. Pharmacol. 69: 313-319, 1981.

[87] KURLAND A.A., McCaBE O.L., HANLON T.E.,
SULLIVAN D.: The treatment of perceptual distur-
bances in schizophrenia with naloxone hydrochlo-
ride. Am. J. Psych. 134: 1408-1410, 1977.

[88} L1 C.H.: Chemistry of beta-endorphin. Adv. Bio-
chem. Psychopharmacol. 20: 145-163, 1979.

[89] LinpsTROM L.H., WIDERLOF E., GUNNE L.M.,
WALDSTROM A., TERENIUS L.: Endorphins in
human cerebrospinal fluid: clinical correlations to
some psychotic states. Acta Psych. Scand. 57:
153-164, 1978.

[90] LiNDvaLL O., BJIORKLUND A., MOORE R.Y.,
STENEVI U.: The adrenergic innervation of the rat
thalamus as revealed by the glyoxylic acid fluor-
escence method. J. Comp. Neurol. 154: 317-348,
1974. o

[91] LyunGgDpAHL A., HOKFELT T., NILSSON G.: Dis-
tribution of substance P-like immunoreactivity in
the central nervous system of the rat. 1. Cell bodies
and nerve terminals. Neuroscience 3: 861-943,
1978. o

[92] LruNGDAHL A., HOkreLT T., NiLssoN G.,
GOLDSTEIN M.: Distribution of substance P-like
immunoreactivity in the central nervous system of
the rat. I1. Light microscopic localization in rela-
tion to catecholamine-containing neurons. Neu-
roscience 3: 945-976, 1978.

{93] LLORENS-CORTES C., POLLARD H., SCHWARTZ
J.C.: Localization cf opiate receptors in substantia
nigra evidence by lesion studies. Neurosci. Lett.
12: 165-170, 1979.

[94] MACKAY A V.P. (personal communication).

[95] MaEDA K., FROHMAN L.A..: Discordant effect of
systemic vs. central administration of neurotensin
on the secretion of growth hormone, prolactin, and
TSH. Endocrinology 102: 398, 1978.

[96] MakiMmo R., CARRAWAY R., LEEMAN S.E,
GREEP R.O.: In vitro and in vivo effects of newly
purified hypothalamic tridecapeptide in rar LH
and FSH release. Proceedings of the meeting of
the Society for the Study of Reproduction, p. 26,
1973.

{97] MANBERG P.J., NEMEROFF C.B., IVERSEN L.L.,
Rossor M.N., Kizer J.S., PRANGE A.J. Jr.:
Human brain distribution of neurotensin in nor-
mals, schizophrenics, and Huntington’s choreics.
Ann. NY. Acad. Sci. 400: 354-367, 1982.

[98] MarLEY P.D., EMsoN P.C., REHFELD J.F.: Ef-
fect of 6-hydroxydopamine lesions of the medial
[forebrain bundle on the distribution of cholecysto-
kinin in rat forebrain. Brain Res. 252: 382-385,
1982.

[99] MarTIN R., GEIs R., HOoLL R., SCHAFER M.,

401



The Italian Journal of Neurological Sciences

Voigt K.H.: Co-existence of unrelated peptides
in oxytocin and vasopressin terminals of rat neu-
rohypophyses: immunoreactive methionine-en-
kephalin-, leucine®-enkephalin- and cholecysto-
kinin-like substances. Neuroscience 8: 213-227,
1983.

[100] MarsHAK D.W. Yamapa T., BASINGER S.F.,
WaLsH JH., SteLL W .K.: Characterization of
immunoreactive somatostatin in retina. Invest.
Ophthalmol. 18 (suppl.): 85, 1979.

[101] MEISENBERG G., SIMMONS W.H.: Peptides and
the blood-brain barrier. Life Sci. 32: 2611-2623,
1983.

[102] MEYErR D.K., BEINFELD M.C., OrrRTEL W.H.,
BROWNSTEIN M.].: Origin of the cholecystokinin-
containing fibers in the rat caudatoputamen.
Science 215: 187-188, 1982.

[103] MiLLER R.J., CUATRECASAS P.: Neurobiology
and neuropharmacology of the enkephalins. Adv.
Biochem. Psychopharmacol. 20: 187-225,
1979.

[104] MoORE R.Y.: Catecholamine neuron systems in
brain. Ann. Neurol. 12: 321-327, 1982.

[105] Moore R.Y., BLoom F.E.: Central catecholam-
ine neuron systems: anatomy and physiology of the

dopamine systems. Ann. Rev. Neurosci. 1: 129-
169, 1978.

[106] MoRLEY J.S.: Chemistry of opioid peptides. Brit.
Med. Bull. 39: 5-10, 1983.

[107] NEDOPIL N., RUTHER E.: Effects of the synthetic
analogue of methionine enkephalin FK 33824 on
psychotic symptoms. Pharmakopsych. 12: 277-
280, 1979.

[108] NEMEROFF C.B.: Neurotensin: perchance an en-
dogenous neuroleptic? Biol. Psychiat. 15: 283-
302, 1980.

[109] NeMEROFF C.B., HERNANDEZ D.E., LUTTINGER
D., Karivas P.W., PRANGE A.J. Jr.: Interactions
of neurotensin with brain dopamine systems. Ann.
N.Y. Acad. Sci. 400: 330-344, 1982.

[110] NoMuRrA H., SHIOSAKA S., INAGAKI S., ISHIMO-
TO L., SENBA E., SAKANAKA M., TAKATSUKI K.,
MaTtsutsaki T., KuBoTa Y., Sarro H., KOGURE
K., TonyaMa M.: Distribution of substance P-
like immunoreactivity in the lower brainstem of
the human fetus: an immunohistochemical study.
Brain Res. 252: 315-325, 1982.

[111] NorTH R.A.: Opiates, opioid peptides and single
neurones. Life Sci. 24: 1527-1546, 1979.

[112] NutTJ.G., MROZ E.A_, LEEMAN S.E., WILLIAMS
A.C., ENGEL W K., CHASE T.N.: Substance P in
human cerebrospinal fluid: reductions in peripher-
al neuropathy and autonomic dysfunction.
Neurology 30: 1280-1285, 1980.

[113] Ouiver C., Eskay R.L., BEN-JONATHAN N,
PorTER J.C.: Distribution and concentration o,
TRH in the rat brain. Endocrinology 96: 540-
546, 1974.

[114] PaLkOVITS M., BROWNSTEIN M.J., ZamMir N.:
Immunoreactive dynorphin and a-neo-endorphin
in rat hypothalamo-neuro-hypophyseal system.
Brain Res. 278: 258-261, 1983.

[115] PALKOVITS M., EPELBAUM J., TAPIA-ARANCIBIA
L., KorDON C.: Somatostatin in catecholamine-
rich nuclei of the brainstem. Neuropeptides 3:
139-144, 1982.

402

[116] PEaRLSON G., CoYLE J.T.. The dopamine
hypothesis and schizophrenia. In: Neuroleptics:
neurochemical, behavioral and clinical perspec-
tive. Coyle J.T., Enna S.J. (eds) New York, Rav-
en Press, pp 297-324, 1983.

[117] PerrY R.H., DOCKRAY G.J., DIMALINE R., PER-
RY E.K., BLESSED G., TOMLINSON B.E.: Neuro-
peptides in Alzheimer’s disease, depression and
schizophrenia. A post mortem analysis of vasoac-

- tive intestinal peptide and cholecystokinin in cer-
ebral cortex. J. Neurol. Sci. 51: 465-472, 1981.

[118] PerrY T.L., HANSEN S., KLOSTER M.: Hunting-
ton’s chorea: deficiency of gamma-amino butyric
acid in brain. New Engl. J. Med. 288: 337-342,
1981.

[119] PETRUSC P., SAR M., GROSSMAN G.H., KIizZER
J.S.: Synaptic terminals with somatostatin-like
immunoreactivity in the rat brain. Brain Res. 137:
181-187, 1977.

[120] PHiLipsON O.T., Pycock CJ.: Dopamine neu-
rones of the ventral tegmentum project to both
medial and lateral habenula. Some implications
for habenular function. Exp. Brain Res. 45: 89-
94, 1982.

[121] PoLLARD H., LLORENS-CORTES C., BONNET. 1.,
CONSTENTIN J., SCHWARTZ J.C.: Opiate receptors
on mesolimbic dopaminergic neurons. Neurosci.
Lett. 7: 295-299, 1977.

[122]} PoLLARD H., LLORENS-CORTES C., SCHWARTZ
J.C.: Enkephalin receptors on dopaminergic neu-
rons in rat striatum. Nature 268: 745-747,
1977.

[123] PosT R.M., GoLp P., RuBmNow D.R., BALLEN-
GER J.C., BUNNEY W.E.Jr., GoODWIN F.K.: Pep-
tides in the cerebrospinal fluid of neuropsychiatric
patients: an approach to central nervous system
peptide function. Life Sci. 31: 1-15; 1982

[124] QuirioN R., EverIST H.D., PERT A.: Nigrostia-
tal dopamine terminals bear neurotensin receptors
but mesolimbic do not. Soc. Neurosci. Abs. 8:
582, 1982

[125] RaPoPORT S.I., KLEE W.A., PETTINGREW K.D.,
OHNo K.: Entry of opioid peptides into the central
nervous system. Science 207: 84-86, 1980

[126] RecHEs A., BURKE R.E., JIANG D., WAGNER
H.R., FAHN S.: The effect of neurotensin on
dopaminergic neurons in rat brain. Ann. N.Y.
Acad. Sci. 400: 420-421, 1982

[127} REHFELD J.F.: Cholecystokinin. Trends Neuros-
ci. 3: 65-67, 1980

[128] REICHLIN S.: Neuroendocrinology. In: Textbook
of endocrinology. Sixth Edition. Williams R.H.
(ed) Philadelphia, W.B. Saunders Company, pp
589-645, 1981

{129] ReymonD M.J., KAUR C., PORTER J.C.: An
inhibitory role for morphine on the release of
dopamine into hypophysial portal blood and on the
synthesis of dopamine in tuberoinfundibular neu-
rons. Brain Res. 262: 253-258, 1983

[130} REZEK M., HAVLICEK V., HUGHES K.R., FRIES-
EN H.: Behavioral and motor excitation and inhi-
bition induced by the administration of small and
large dose of somatostatin into the amygdala.
Neuropharmacology 16: 157-162, 1977

[131] RINNE U.K.: Recent advances in research on par-
kinsonism. Acta neurol. Scand. 57 (suppl. 67):



Albanese: Neuropeptides and dopamine

77-113, 1978

[132] Ravier C., BROWN M., VALE W.: Effect of neu-
rotensin, substance P and morphine sulphate on
the secretion of prolactin and growth hormone in
the rat. Endocrinology 100: 751-754, 1977

[133] ROBERTS D.J. (personal communication)

[134] Ross M., BERGER P.A., GOLDSTEIN A.: Plasma
beta-endorphin immunoreactivity in schizophre-
nia. Science 205: 1163-1164, 1979

[135] Rossor M.N., EmsoN P.C., MounTioy C.Q.,
RorH M., IVERSEN L.L.: Reduced amounts of
immunoreactive somatostatin in the temporal cor-
tex in senile dementia of Alzheimer type. Neuro-
sci. Lett. 20: 373-377, 1980

[136] SAITO A., SANKARAN H., GOLDFINE 1.D., WIL-
LIAMS J.A.: Cholecystokinin receptors in the
brain: characterization and distribution. Science
208: 1155-1156, 1980

[137] SarkAaR D.K., GorTsCHALL P.E., MEITERS J.:
Damage to hypothalamic dopaminergic neurons is
associated with development of prolactin-secreting
Pituitary tumors. Science 218: 684-686, 1982

[138] SCHAEFFER J.M., BROWNSTEIN M.J., AXELROD
J.: Thyrotropin-releasing hormone-like material
in the rat retina: changes due to environmental
lighting. Proc. Natl. Acad. Sci. 74: 3579-3581,
1977

[139] ScuuLtz W.: Depletion of dopamine in the stria-
tum as an experimental model of parkinsonism:
direct effects and adaptive mechanisms. Progr.
Neurobiol. 18: 121-166; 1982

[140] SHariRO B., KRONHEIM S., PIMSTONE B.: The
presence of immunoreactive somatostatin in rat
retina. Horm. Metab. Res. 11: 79-80; 1979

[141] SHIOSAKA S., TAKATSUKI K., INAGAKI S., SAKA-
NAKA M., TAKAGI H., SENBA E., MATSUTSAKI T,
Touyama M.: Topographic atlas of somatosta-
tin-containing neuron system-in the avian brain in
relation to catecholamine-containing neuron sys-
tem. 11. Mesencephalon, rhomboencephalon, and
spinal cord. J. Comp. Neurol. 202: 115-124,
1981

[142] SkirBoLL L.R., GRACE A.A., HOMMER D.W.,
REHFELD J., GOLDSTEIN M., HOKFELT T., BUN-
NEY B.S.: Peptide-monoamine coexistence:
studies of the actions of cholecystokinin-like pep-
tide on the electrical activity of midbrain dopamine
neurons. Neuroscience 6: 2111-2124; 1981

[143] SNDERS R., KrRaMaRCY N.R., HURD R.W.,
NEMEROFF C.B., DUNN .AJ.: Neurotensin in-
duces catalepsy in mice. Neuropharmacology 21:
465-468, 1982

[144] SNYDER S.H.: Brain peptides as neurotransmit-
ters. Science 209: 976-983, 1980

[145] SeRENSEN K V : Somatostatin: localization and
distribution in the cortex and subcortical white
matter of human brain. Neuroscience 7; 1227-
1232, 1982

[146] SperRK G., SINGER E.A.: In vivo synthesis of sub-
stance P in the corpus striatum of the rat and its
transport to the substantia nigra. Brain Res. 238:
127-135, 1982

[147] SPRINGER J.E., IsAAcsON R.L., Ryan J.P., HaN-
NIGAN J.H.Jr: Dopamine depletion in nucleus
accumbens reduces ACTH, , -induced excessive
grooming. Life Sci. 33: 207311, 1983

[148] STELL W, MARSHAK D., YAMADA T., BRECHA

N., KARTEN H.: Peptides are in the eye of the
beholder. Trends Neurosci. 3: 292-295, 1980

[149] Stinus L., KELLEY A.E., IVERSEN S.D.: In-
creased activity following substance P infusion
into A10 dopaminergic area. Nature 276: 616-
618, 1978

[150] Stinus L., Koo G.F., LING N., BLooM F.E.,, LE
MoAL M.: Locomotor activation induced by infu-
sion of endorphins into the ventral tegmental area:
evidence for opiate-dopamine interactions. Proc.
Natl. Acad. Sci. 77: 2323-2327, 1980

{151] STUDLER J.M., Javoy-AGID F., CESELLIN F.,
LEGRAND J.C., AGID Y.: CCK-8-immunoreactiv-
ity distribution in human brain: selective decrease
in the substantia nigra from parkinsonian pa-
tients. Brain Res. 243: 176-179, 1982

[152] SwaaB D.F.: Neuropeptides. Their distribution
and function in the brain. Prog. Brain Res. 55:
97-121, 1982

[153] TaBAN C.H.: Neuropeptides et psychiatrie. Arch.
Suisse Neurol. Neurochir. Psychiat. 128: 85-103,
1981

[154] TAKATSUKI K., SHIOSAKA S., INAGAKI S., SAKA-
NAKA M., TAKAGI H., SENBA E., MATSUTSAKI T,
ToHYAMA M.: Topographic atlas of somatosta-
tin-containing neuron systems in the avian brain in
relation to catecholamine-containing neuron sys-
tem. 1. Telencephalon and diencephalon. J.
Comp. Neurol. 202: 103-113, 1981

[155] TAQUET H., JAvOY-AGID F., CESSELIN F., AGID
Y.: Methionine-enkephalin deficiency in brains of
patients with Parkinson’s disease. Lancet 1:
1367-1368, 1981

[156] TaqQuer H., Javoy-AciD F., CESSELIN F., Ha-
MON M., LEGRAND J.C., AGID Y.: Microtopogra-
phy of methionine-enkephalin, dopamine and
noradrenaline in the ventral mesencephalon of
human control and parkinsonian brains. Brain
Res. 255: 303-314, 1982

[157] Tatemoto K., CARLQUIST M., MUTT V.: Neuro-
peptide Y - a novel brain peptide with structural
similarities to peptide YY and pancreatic polypep-
tide. Nature 296: 659-660, 1982

[158] TERENIUS L., WAHLSTROM A., LINDSTROM L.,
WIDERLOV E.: Increased CSF levels of endor-
phines in chronic psychosis. Neurosci. Lett. 3:
157-162, 1976

[159] TescHEMACKER H., OpaEmM K.E., Cox B.M,,
GOLDSTEIN A.: A peptide-like substance from
pituitary that acts like morphine. Life Sci. 16:
1771-1776, 1975

[160] TorNgvisT K., UDDMAN R., SUNDLER F., EHIN-
GER B.: Somatostatin and VIP neurons in the
retina_of different species. Histochemistry 76:
137-152, 1982

[161] UL G.R., KUHAR M.J., SNYDER S.H.: Neuro-
tensin: immunohistochemical localization in rat
central nervous system. Proc. Natl. Acad. Sci. 74:
4059-4063, 1977

[162] URQUART N., PERRY T.L., HANSEN S., KENNE-
DY J.: GABA content and glutamic acid decarbox-
ylase activity in brain of Huntingon’s chorea
patients and control subjects. J. Neurochem. 24:
1071-1075; 1977

[163] VANDERHAEGEN J.J., LoTSTRA F., DE MEY T,
GiLees C.: Immunohistochemical localization of
cholecystokinin- and gastrin-like peptides in the

403



The Italian Journal of Neurological Sciences

brain and hypophysis of the rat. Proc. Natl. Acad
Sci. 77: 1190-1194, 1980

[164] vaN DER KooY D., WISE R.A.: Retrograde fluor-
escent tracing of substantia nigra neurons with
catecholamine histofluorescence. Brain Res. 183:
447-452, 1980 °

[165] vaN LEEUWEN F.: Enkephalin in the rat neural
lobe: immunocytochemical evidence for the pre-
sence within synaptic elements on pituicytes.
Progr. Brain. Res. 55: 253-265, 1982

[166] vAN LEEUWEN F.W_, PooL C.W., SLUITER A.A.:
Enkephalin immunoreactivity in synaptoid ele-
ments on glial cells in the rat neural lobe. Neu-
roscience 8: 229-241, 1983

[167] vaN LooN G.R., Ho D., Kim C.: B-Endorphin-
induced decrease in hypothalmic dopamine turn-
over. Endocrinology 6: 76-80, 1980

[168] VERHOEVEN W.M., vAN PrRAAG H.M., VAN REE
JM.: Improvement of schizophrenic patients
treated with (des-tyr’)-y-endorphin (DRYE).
Arch. Gen. Psych. 36: 294-298, 1979

[169] VuayaN E., MCCANN S.M.: In vitro and in vivo
effects of substance P and neurotensin in gonado-
tropin and prolactin release. Endocrinology 105:
64, 1979

[170] WALKER R.J., KEMP J.A., YannmMa H., KiTAGA-
WA K., WOODRUFF G.N.: The action of substance
P on mesencephalic reticular and substantia nigra

404

neurons of the rat. Experientia 32: 214-215,
1976

[171] WaTsoN S.J., BERBER P.A.; AkiL H., MILLS
M.J., BARCHAS J.D.: Effect of naloxone on schiz-
ophrenia: reduction in hallucinations in a subpop-
ulation of subjects. Science 201: 73-75, 1978

[172] WEINER W.J., Krawans H.L.: Cholinergic-
monoaminergic interactions within the striatum:
implication for choreiform disorders. In: Cholin-
‘ergic-monoaminergic interactions in the brain.
Butcher L.L. (ed) New York, Academic Press,
pp 335-362, 1978

[173] Woob P.L.: Multiple opiate receptors: support for
unique mu, delta and kappa sites. Neuropharma-
cology 21: 487-497, 1982

[174] WooD P.L., RICHARD J.W.: Morphine and ni-
grostriatal function in the rat and mouse: the role
of nigral and striatal opiate receptors Neurophar-
macology 21: 1305-1310, 1982

[175] Young W.S.III, KUHAR M.J.: Neurotensin re-
ceptor localization by light microscopic autoradio-
graphy in rat brain. Brain Res. 206: 273-285,

981

[176] ZEcH M., BoGerTs B., TutscH J., LESCH A.:
Reduction of met-enkephalin in the globus pallidus
of patients suffering from Huntington’s disease
and schizophrenia. Neurosci. Lett. Suppl. 14:
5413; 1983



