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Abstract

During the past 40 years, somatostatin (SST) has lesubject of intensive research.
Apart from its substantial role in the neuroendoeersystem, due to its dense localization
in various areas in the brain, its functions ag@omodulator have also been thoroughly
investigated. Increasing evidence suggests that[@&/E a crucial role in memory and
cognition. Synthetic forms, biologically active piele sequences, SST receptor agonists
and SST depleting agents have been applied in &moaels and in human studies of a
number of neuropsychiatric disorders. The transhatif experimental data into clinical
use could provide novel therapies in neurodegeneratisorders involving cognitive
dysfunctions. However in view of the controverslata reported concerning the different
roles of the SST receptor subtypes, and the lackSH analogues that are able to cross
diffusion barriers and act selectively at theseepéar subtypes, broader clinical use of
SST analogues as cognitive enhancers is limiteth rBview covers the whole range of
available experimental results relating to the behaal effects of SST, and highlights

the potential for further investigations.
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Introduction

Somatostatin (SST) also known as somatotropin selgzhibiting factor (SRIF)
was discovered in 1972 by Guillemin at al., who evettempting to purify and
characterize growth hormone (GH)-releasing hormd@HRH) from the ovine
hypothalamus, but instead discovered an inhibitdgld release [1]. Since its discovery,
SST has been identified throughout the central messystem (CNS), in the endocrine
tissues and in the gastrointestinal tract.

There are two native, biologically active forms 86T, the 14 amino acid-
containing form (SST-14) and its N-terminally exded precursor SST-28 (Fig. 1) [2].
Like other protein hormones, SST is produced byyewtic cleavage from a larger
inactive precursor molecule, prepro-SST, a polyideptonsisting of 116 amino acids
which yields the active polypeptides (Fig. 2) [Bfocessing of prepro-SST to generate
the two bioactive forms primarily occurs at thee@atinal end. SST-14 is generated by
dibasic cleavage of an Arg-Lys residue, whereaggrdeolysis of a monobasic Arg site
furnishes SST-28 [4,5].

SST is produced in high density in cells throughthe CNS, the peripheral
nervous system, the endocrine pancreas and thengaddition to the thyroid, adrenals,
submandibular glands, kidney, prostate, placedtamdovessel walls, and immune cells
[6-15]. In view of its coexistence in neurones withssical neurotransmitters, its release
properties and its capacity to modulate synap&ingmission and neuronal activity, SST
can be regarded as a neuromodulatory agent [1fpusez et al. recently demonstrated
that SST-immunoreactive interneurones interactctlirevith mitral cell dendrites, with
the participation of dendrodendritic reciprocal ayses. This provides an anatomical
basis for a neuromodulatory role of the peptidetiom granule-mitral cell dendritic
interactions that are fundamental to olfactory pesing [17,18].

Somatostatinergic neurones occur in high denditiemighout the CNS and give
rise to an extensive network of SST-containingeffband axon terminals in numerous
brain regions, including the cerebral cortex, hggupus, amygdala, hypothalamus,
brainstem and spinal cord [14]. From the resultsspécific receptor binding and

genetically modified animal models, the anatomy &mtttion of the somatostatinergic



pathways have been revealed (for a review seeefiell al., 2008) [16]. However, the
functional role and development of these pathwanss ill subjects of extensive
examination. In a recent review, Epelbaum et aplemsized the role of the hippocampal
somatostatinergic pathways in memory, cognition emdtions [19].

There is increasing evidence that SST contributebe organization of the CNS.
The early appearance of SST receptors (sst-s) &éas emonstrated in the rat brain.
Gonzalez et al. detected high levels of SST-bindiitgs in the brain of 15-day-old
foetuses, and autoradiographic studies reveale#analifferences in the distribution of
sst-s during ontogenesis. In the cortex, the arptate and the subplate zone appeared
to contain high densities of binding sites untittini After postnatal day 4, this laminar
distribution of binding sites in the cortex disapp and a homogeneous distribution
was observed in almost all cortical layers [20]rvi®i et al. measured SST-like
immunoreactivity (SLI) in the brains of rats aged8.and 18 months, and found an
overall progressive reduction in cortical SST bingdi[21]. In the cerebellum, these
effects have been reported to be much more drantatibe neonatal rat cerebellum, the
external granule cell layer, a germinal matrix edminhg interneurone precursors,
contains a high density of sst-s (predominanti2agstreceptors. In adult rats, the
cerebellum is devoid of sst-s [22]. These resuliggssted that SST might control the
migratory behavior of immature neurones [23], pritgghrough mediation by the sst2A
subtype [24,25]. Le Verche and colleagues lateficoad these hypotheses im vitro
andin vivo experiments [26].

The goal of the present review is to survey knogéedelating to the effects of
SST on cognitive functions and neurologic diseaseslving impaired cognition, i.e.
Alzheimer’s disease (AD), Huntington’s disease (H&nd Parkinson’s disease (PD) and

amyotrophic lateral sclerosis (ALS).
Somatostatin receptors
The cloning and functional characterization of ¢ subtypes that bind SST-14

and SST-28 with high affinity has firmly establishéhat the physiological actions of

SST are mediated by a family of sst-s, believethéoglycoproteins. The experimental



indication that the carbohydrate component of tstessmay be involved in promoting
high-affinity ligand binding [27,28] suggested thttere may be several different
subtypes of sst-s [28]. The use of iodinated sostatimergic ligands identified two
pharmacologically distinct binding sites in theibraSix sst subtypes (sstl, sst2A, sst2B,
sst3, sst4 and sstb), belonging in the G-proteuplaa receptor family were cloned and
divided into two subfamilies on the basis of stauat and operational features: sst2, sst3
and sst5 in the SRIF-1 subfamily, and sstl and &st4he SRIF-2 subfamily,
distinguished by the high affinity of cyclic peptsl such as octreotide (SMS-201-995),
seglitide (MK-678) and lanreotide (BIM-23014) fdret SRIF-1 group [29-31]. Cérdoba-
Chacon et al. recently identified and characterifced novel truncated sst5 variants in
rodents [32], displaying different numbers of traesnbrane domains. Three of these
were obtained from mice, and one from the rat hyglaimus and pituitary.

Comparisons of the sequences of the receptor sebtipom different species
indicate that the sequence of sstl is the mostiyiginserved, with 97% identity between
the human and rodent proteins, whereas the sequérsstb is the most divergent, with
only 81% identity between the human and rat seqgenthe identity between human
and rat sst2, sst3 and sst4 is 92, 86 and 89%sectgply. The amino acid sequence
differences within a receptor subtype are locatemngrily in the regions of the
extracellular amino domain and intracellular casptermini, with the sequences of the
membrane-spanning alpha-helical segments and afiubar connecting loops being
more highly conserved [33]. The genes coding ftit,ssst3, sst4 and sst5 are intronless,
whereas in rodents the gene for sst2 contains thtems, which result in the generation
of two receptor protein variants: the unsplice@Astand sst2B, which is spliced in the
carboxy terminal part of the gene, and differs frestRA in the length of its carboxy tail
[31]. The mRNAs for the sst subtypes, widely expeeisat different levels in human and
rodent tissues, have distinct, but overlappinggoast of expression. All six subtypes are
expressed in the CNS; sstl can be found in thel sm@$tine, stomach and lung; sst2 in
the kidney, pituitary and adrenal gland; sst3 ia fhancreatic islets; and sst5 in the
pituitary as well [33].

The sst-s are linked via guanine nucleotide bingirgieins (inhibitory G-protein

[Gi] and brain-derived G-protein [fj to multiple cellular effector systems. They neéi



the inhibition of adenylyl cyclase activity, leadimo a reduction of the conductance of
voltage-dependent &achannels, and the stimulation of different” ¢hannels [34-40].
They additionally mediate the stimulation of tyresiphosphatase activity, the reduction
of cell proliferation and the inhibition of a Ni&* exchanger (NHE1) [41].

As regards SST, it may act on a distant “third” eggtic component, modulating
glutamatergic or GABAergic transmission. Apart fréms neuromodulatory effect, it can
evoke a response on its own postsynaptic elemargi(etransmitter-like effect). In both
modes of action, the effects of SST are slower lander-lasting relative to those of
classical neurotransmitters. The neuromodulatdigces of SST are mostly presynaptic.
SST inhibits glutamate release via sstl [42], $48 or sst5 [38], depending on the
anatomical structure [44]. SST exhibits long-lagteffects on glutamatergic synapses,
either depressing long-term potentiation in thetakengyrus/lateral perforant path [38] or
enhancing it in the dentate gyrus/medial perfonaaith [45]. One study reported an
intracellular C&*-dependent modulation of AMPA currents postsynafiic mediated
by sst2 activation in the hypothalamus [46]. Inséiregly, in sst2 knock-out (KO) mice,
the glutamatergic responses were increased in ifjpodampal slices [47], suggesting
that SST exerts an inhibitory tone on glutamatetgiosmission through sst2 activation
[48]. However, the activation of sst4, selectivetypressed in the hippocampal CAL,
increased the hippocampal glutamatergic resposesffect inhibited by the activation
of sst2, suggesting the possible functional intewac of these subtypes [49].
Furthermore, SST has been found to inhibit GABA&ask presynaptically [42,50].

SST plays a key role in the control of pituitaryinone release, most notably that
of GH, but also those of thyroid stimulating horreorand, in some cases,
adrenocorticotropic hormone and prolactin [51]. iBes this direct control of GH
secretion at the pituitary level, mediated throtigé activation of sst2 and sst5, some
studies have pointed to an intrahypothalamic comifr6H, involving primarily sstl and
sst2. Thus, SST would inhibit GHRH neurones and {&# secretion on one hand, and
on the other hand it would exert a negative feekllmacits own release, thereby resulting
in a stimulation of GHRH and GH release [44,52,931e diversity of the actions of SST
suggests that it should have a number of otherngiatetherapeutic uses as well. The

localization of specific sst subtypes in the preiyg described regions of the brain



implicated in locomotor activity, sensory perceptitearning and memory suggest that
non-peptide SST analogues that can cross the liod-barrier may have potential
therapeutic applications in neuropsychiatric disosd33,51,54,55].

Animal studies

The first evidence of a behavioural effect of SS&swhe observation of a
transient tranquillizing effect of a large dose austered intravenously to monkeys
(Table 1) [56]. Several later studies on rodentficated a role for the peptide in the
control of locomotor activity, and also in learnirend memory processes. The
intracerebroventricular (i.c.v.) injection of SSTduced marked behavioural excitation in
rats associated with a reduction in slow-wave asmpidr eye movement sleep [57].
Experiments by our group two decades ago, likewasealed that i.c.v. administration of
the peptide influenced self-stimulation, inhibitélde extinction of active avoidance
behaviour, provoked antiamnesic effects and ineg#se locomotor activity [58-64]. In
more recent studies our group has considered tipetihgsis that SST may act on
memory consolidation or retention processes [65]v. injections of SST have been
demonstrated to improve the performance in passregdance and shuttle box learning
in rats. It produced barrel rotation in a dosetsglananner and decreased the rearing
activity. On the other hand, subcutaneously adr@resl cysteamine and pantethine
(SST-depleting substances) diminished the avoidéateacy of the animals in a dose-
related manner in passive and active avoidancs.t&siey markedly reduced several
manifestations of open-field behaviours, such arwtion, rearing, grooming and
defecation, and attenuation of SST-induced baottion [66-68]. Since the late 80’s
various other groups have also established thatoth active and passive training
protocols, extinction of the avoidance responstadditated after appropriate systemic
cysteamine injection [69-75], and SST depletioruitesn learning and memory deficits,
revealed by an impaired performance in shuttlelbaring, or in the morris water Maze
in rats [76-78]. As concerns the effects of i.car. intrahippocampal cysteamine
treatment, Guillou et al. found that, while it inmeal spatial learning, cysteamine was

also capable of accelerating the acquisition ofaa-fressing task by increasing the



retention of information from one session to anothenice. Their results suggested that
depending on the type of learning, bidirectionappoicampal function regulatory
mechanisms involving both SST and adenyl cyclasag ewist [79]. Opposite regulation
of the hippocampal system may occur during differkimds of learning, and their
modulation by pharmacological agents can produpesife effects on the acquisition of
different tasks according to their synergistic otagonistic action with the effects of
learning alone [80].

On the other hand, SST and its effective agonis¢stepositive effects in most
cognitive tests. l.c.v. administration of SST & &#nalogue SMS-201995 (selective for
sst2, sst3 and sst5) reversed cysteamine-inducgairment in active and passive
avoidance protocols [71,81]. Romanova et al dematest that decorticated rats
performed significantly better after i.c.v. injemts of SST, in passive avoidance tests
[82]. Recent studies have focused on the effectenfrally and peripherally applied sst
agonists on motor and cognitive functions in animaldels, suggesting a viable therapy
for the treatment of AD and other forms of cogretilmpairment. Matsuoka et al.
compared the anti-amnesic and cognitive effects F&t121196 N-[4-acetyl-1-
piperazinyl]-4-fluorobenzenesulfonam)dand SST. FR121196 is a putative cognitive
enhancer substance, that possibly acts via dopagierend/or cholinergic mechanisms.
They found that, while i.c.v. administered SST #igantly ameliorated the memory
impairments induced both by cysteamine and by deopoe and nucleus basalis
magnocellularis (NBM) lesioning, FR121196 ameliethtonly those produced by
scopolamine and NBM lesioning, and not those inctiee of cysteamine [81].

The same group evaluated the cognitive enhancitignacof FK960 N-[4-
acetyl-1-piperazinyl]-p-fluorobenzamide monohydrate SST-releasing agent) with
NBM or fimbria fornix lesioning after cysteamine stopolamine treatment in aged rats
and after cysteamine administration in the rhesumkmy. FK960 improved visual
recognition in the monkey, and ameliorated all tiiemory impairments in rats except
those induced by cysteamine or fimbria fornix lesiBlowever, the effects of FK960 on
scopolamine-induced memory impairment were abatighecysteamine, suggesting that
FK960 ameliorates the cognitive dysfunction throwgh activation of the SST-ergic-

serotonergic link [77,83]. Tokita et al. reportennigar results after intraperitoneal



injections of FK960 and FK962N([1-acetylpiperidin-4-yl]-4-fluorobenzamigeanother
SST-releasing agent), and found that these compowede able to ameliorate cognitive
dysfunction in rat models [84,85].

Controversial results have been published, as deghe startle response and pre-
pulse inhibition (PPI; an important test for seysgating which is impaired in several
cognitive diseases). Fendt et al. indicated that3BT-ergic projection from the central
grey to the caudal pontine reticular nucleus (Pe@nportant for modulation of the fear-
potentiated startle response. When octreotidenthetic octapeptide, with high affinity
to the sst2, sst3, and sst5, but very low affifotysstl and sst4 [86], was injected into the
PnC, it blocked fear potentiation of the startlsp@nse, whereas it had no effect on the
tone-evoked activity of PnC neurones [74]. Kungedle found that chronic cysteamine
treatment impaired the development of the acowséicle response in rats, while Feifel
and Minor showed that cysteamine reversed the dsesein PPI induced by systemic
injections of amphetamine, but had no effect on ahelitude of the acoustic startle
reflex itself [73,75]. In a recent investigation nsenova et al. established that the
administration of SST-28 (1f)g i.c.v) significantly decreased PPI with no effeat the
amplitude of the acoustic startle response or Istarésponse habituation [87].
Administration of the selective sstl antagonist S§88 tended to reverse the SST-
induced deficits in PPI. They assumed that incre&®T transmission may be one of the
neurochemical mechanisms underlying anhedonia, ainthe negative symptoms of
schizophrenia, and the sensorimotor gating deféstociated with cognitive impairments
in schizophrenia patients.

Gastambide et al. tested the effects of selecsteagonists on both short- and
long-term memory in mouse models, demostrating tt@intrahippocampal injection of
SST-14 decreased place learning and memory, tiesiokeation mainly being mediated
by sst4 receptors [88].

(For a brief summary see table 1.).

Null mutant mice lacking SST also displayed sigmifit impairments in motor
learning [89]. Interestingly, sst2 KO mice exhibite specific facilitation of learning in a
hippocampal-dependent spatial discrimination taghkile the working memory was not

modified in an operant learning protocol [90-92Jowéver, SST KO animals did not



indicate major learning and memory defects, as sp@poto mice overexpressing
cortistatin, a SST-related peptide [91,93]. A recgndy revealing the effects of sst3 in
object recognition, object information and synaptiasticity emphasized that neuronal
cilia detecting SST (via sst3) are critical for @itj memory [94]. When sst2 or sst3 or
sst4 receptor KO mice participated in object rediogm tests, it was found that the lack
of sst3 was associated with an impaired degredjelcorecognition but had no effect on
the memory of object location. However, as in aldges involving the use of genetically
engineered mouse mutants with the constitutivalyséed expression of a certain gene of
interest, the data obtained must be interpretel gattion. Both compensatory processes
and differences in the genetic background of thekihg regions of the mutation site

may contribute to the phenotype observed [95].

Neurological diseases and somatostatin

SST has been implicated in a variety of neuroldgiiseases. Changes in SST
and its receptors have long been associated wittedia, epilepsy and major affective
disorders [51]. A decreased level of SST in theeloayspinal fluid (CSF) has been
observed in patients with impaired cognition, sashschizophrenia, AD, PD, essential

tremor, drug refractory epilepsy and active mutiptlerosis [96].

Alzheimer’s disease

AD is an irreversible neurodegenerative disordeat thredominantly affects
individuals over age the age of 65. It is charanger clinically by progressive dementia,
and histopathologically by the presence of exttatzl deposits of amyloid fibrils in the
core of senile plaques, intracellular neurofibritangles and neuronal cell loss [97,98].
One of the principal components of senile plagaesyloid p-peptide (A), is considered
to be involved in the pathogenesis of AD [99,108p is formed from the amyloid

precursor protein by sequential enzymatic procgsdihe accumulation of Ahas been



associated with progressive neuronal death, cegnitleficits and neuropsychiatric
disorders such as agitation, apathy and increasadty [101-104].

Among the different neuropeptides whose levels significantly altered in
patients with AD, SST is reported to be the moststziently reduced, both in the brain
and in the CSF [105-112]. Immunohistochemical asedyof human control and AD
brains have revealed a significant reduction (>70%) the number of SST-
immunoreactive neurones in the AD frontal corteg3jl which would account for the
deficit in SST concentration previously reportedtims brain area [105,114]. In the
hippocampus, substantial early losses of SST-immaositve neurones and SST mMRNA
were detected in a transgenic mouse model of ADhénabsence of changes in other
neuronal markers of GABAergic, glutamatergic andlictergic systems or in the
principal cell number [115]. Furthermore, a linearrelation was observed between the
SST deficiency and thepAcontent. SST seems to bring about a specifieas® in the
activity of neprilysin (an enzyme implicated in tbatabolism of R), thereby promoting
the degradation of AR42, presumed to be the maihopganetic factor in the disease
[116]. In view of these findings, SST could congttan important biomarker via which
to assess the efficacy of potential early AD treaihj115].

In animal studies, the continuous i.c.v. infusidnA$1-40 or A325-35 for 14
days resulted in significant reductions in SLI @it in the rat hippocampus,
frontoparietal cortex and temporal cortex [117-12@)ich parallels the reduction seen in
postmortem brains of patients with AD [105]. Theattment of such rats with IGF-1
[119] or estradiol [121] partially restored the S@drameters affected aftef3 Anfusion.
These findings suggest that the accumulation @fcAntributes, at least partly, to the
well-documented deficits in SLI content throughthe AD brain.

There are data indicating that, besides SST defigieabnormalities at the level
of the sst-s, are also present in the AD brain [[1#2ugh another study found no
difference in sst density [123]. More recent stadsacceeded in unravelling the specific
sst subtypes affected in AD. The subtype-selectitexations in sst protein expression in
AD cortical regions are providing an emerging pietof a central role not only of SST,
but also of the sst subtypes in the pathophysioloigiD. Nevertheless there is some

controversy in the results that have been publisKeantic et al. described a reduced
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sstl binding capacity in the frontal and tempomatices in AD, while Kumar detected
marked reductions in the neuronal expression & ast sst5 and a modest decrease in
sst2-like immunoreactivity without any changeshe sstl-immunoreactive neurones in
the frontal cortex of AD patients [113,124].

Huntington’s disease

HD is an autosomal dominant hereditary disorderseduby an expanded
polyglutamine tract in the protein huntingtin [125}he onset of HD usually occurs in
mid-life and progresses to death over 15-20 yeHng. disorder is characterized by
motor, cognitive and psychiatric symptoms. The plathical abnormalities seem to be
restricted to the CNS, with preferential vulneraypiin the caudate, putamen and deep
layers of the cerebral cortex [126]. Similarly beetcognitive deficits observed in human
patients, animal models have revealed that a degrdiysfunction may be present before
any motor or behavioural symptom [127-130].

Decreased concentrations of a number of neurotigtessnand neuropeptides
have been reported in the basal ganglia in HD. [8%dls were determined in the CSF of
patients with HD, in first generation relatives dforeic patients and in neurological
control patients [131]. The SST levels were marketttcreased both in the affected
patients and in the symptom-free offspring. In arlyestudy, Aronin et al. measured the
concentrations of several peptide neurotransmittethe basal ganglia of patients with
HD. The levels of radioimmunoassayable SST wererted to be increased in extracts
of the caudate, putamen, and external and intgtobls pallidus in HD [132], a finding
corroborated by studies on postmortem brain sangidsSLI in healthy controls versus
patients with Huntington chorea [133-135]. Marslaadtl Landis explained this increase
in terms of the elevated SLI in the local circuieunones, whereas the SST-
immunoreactive striatal neurones appeared to degené proportion to the loss of
striatal tissue, in contrast with an increase ia ttensity of immunostained varicose
fibres. In comparison, the pattern and amount lofefistaining in the substantia nigra
appeared virtually unchanged from that seen imtirenal brain [136]. In animal models

of HD, where striatal lesions are commonly producgdhe administration of kainic acid
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[137] or the NMDA receptor agonist quinolinic acid, similar pattern of neuronal
degeneration and significant elevations in SST entrations were observed, due to the
relative sparing of a small population of mediurzesi, aspiny neurones containing SST
and neuropeptide Y in the markedly neurone-deplstedtum [138-140]. Examinations
of the involvement of the sst-s in HD revealed redrkeductions in the density of SST
binding sites in the caudate and putamen of aieptt with HD, but no alterations in the
nucleus accumbens or in the ventral aspects drtexior putamen [141]. As regards the
effects of cysteamine, one study indicated that thaximum tolerated dosage
administered for 2 weeks produced no consistenhg#an the extrapyramidal or
dementia scores, and the SST concentrations ipldsena or CSF were not significantly
altered [142], while another study revealed thastegmine treatment might prevent
neuronal loss in the YAC128 mouse model of HD,ea$ unable to reverse the neuronal
dysfunction [143].

Parkinson'’s disease

PD is a progressive degenerative disorder of th&,GiHaracterized by degeneration and
loss of the dopamine-containing cells of the nigratal system. Levodopa treatment has
been accepted as the primary treatment of PD faiertitan 30 years. Dupont et al.
established that the SST concentrations are irséolgrlow in PD patients [144].
Epelbaum et al. measured SST levels by radioimmagayain several regions of the
cerebral cortex (frontal, entorhinal, cingulatenp®ral and occipital) and also in the
caudate nucleus and hypothalamus, and observedicagh correlations between the
decreased SST levels in the frontal cortex, thedgpmpus and the entorhinal cortex and
the cognitive deficit in patients with PD. In thgpocampus, significant correlations
were found with both the age at onset and the duratf the disease [145]. In several
studies, measurements of the concentrations ofrShdtients with extrapyramidal motor
diseases, or in postmortem brain tissues revedladthe SST levels in PD patients
correlated with the degree of akinesia, rigidityl @utonomic disturbances, and that the
AD-like dementia that occurs these patients is @ated with reduced concentrations of
SST in the CSF or the cortex [146-148]. In thesdist, the level of SLI was found to be
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significantly lower in PD patients than in normalsenile controls without Parkinson’s
syndrome, and the extent of the reduction provebetoelated to the progression of the
disease. SST mRNA quantitation revealed a sigmfigacrease in the medial medullary
lamina of the globus pallidus in PD relative to tbentrols, suggesting a specific
modification of basal ganglia SS-ergic pathway#ih [149,150]. However, conflicting
evidence has also been published, the resultsipgieither to a SLI elevation in the CSF
[151] or to no changes in SLI post mortem in theebeal cortex [152,153] or in cortical
neurosurgical biopsies [154], suggesting that imewient of the SST-ergic system may
not be a primary and consistent neurochemical featfi dementia [155], or at least it
may be less significant than in AD dementia [1%&)nversely, monitoring of the levels
of SST in the serum or brain samples has beeninsth@ animal models, or during the
treatment of the disease [157,158]. Since the 18#0’s various approaches have been
made to apply SST in extrapyramidal disorders abd ST, however, did not induce
any improvement or deterioration of the symptongnsor EEG abnormalities in these
patients [159,160].

Amyotrophic lateral sclerosis

ALS, a progressive degenerative disease of the GNi&vertheless generally
considered to be a paradigm of a pure motor newlmueder; the possible occurrence of
a cognitive impairment in patients affected by ALS recognized. A cognitive or
behavioural impairment is reported in 10-50% okthpatients [161]. In the largest study
on patients with an original diagnosis of ALS, ttementia presented with behavioural
dysfunctions in 15/41 patients, and with languag&fuhctions in 26/41 [162]. Dementia
in ALS may be a consequence of either frontotempobar degeneration or co-existing
AD [163]. The neuropathological data point to fraeimporal atrophy in ALS patients
with a cognitive impairment [164]. However cognéivdysfunctions can not be
exclusively explained in terms of these changes; dhbcortical structures such as the
amygdala and extrapyramidal sites like the globabidus, thalamus, and substantia

nigra have been found to be involved in this disd465,166]. Katagiri et al. in an earlier
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study examined levels of neuropeptides in spinatl actions and in Onuf’s nucleus.
There was no significant difference between the A8 control cases as concerns the
peptide-immunoreactive fibres segments in the $gioi@ or in Onuf's nucleus [167]. As
regards SLI in the CSF, no change was found betwéé&hpatients and normal subjects
[168]. Nieto-Gonzalez et al. found a decreaseditdeatparvalbumin- and SST-positive
inhibitory interneurones and reduced vesicular GABansporter immunoreactivity in
the neuropil of the wobbler mouse, an animal maofelALS. Since ALS patients
demonstrate cortical hyperexcitability, there ispassibility that alterations in the

inhibitory GABA-ergic system might explain this dyaction in wobbler mice [169].

Therapeutic strategies — clinical applications

The wide distribution of SST systems throughoutriyeall brain regions suggests that
they play significant roles in brain functioning6]l Taken together, the experimental
data that have been accumulated during the page@@ have proved the localization of
specific sst subtypes in regions of the brain iogikd in locomotor activity, sensory
perception, learning and memory, and suggest ti&t Blays a substantial role in
memory and cognition. In their recent review, Epelin et al. concluded that SST deficit
is a generalized marker for many brain disordes®@ated with cognitive impairments,
and therefore relates to the pathophysiology ohitovg deficits in general rather than to
the aetiology of a specific neuropathology [19]eféhis general agreement that a low
SST level or sst impairment can contribute to Ayt he results relating to the
signficance of this system in the other three negio diseases are inconsistent.
Accordingly further studies are required to clarifye role of this system in other
neurologic diseases that involve memory dysfunsti@ince the discovery of decreased
SST concentrations in the brain of AD patients,clhivere found to correlate with the
dementia score, various attempts have been mateEreEment or even substitute anti-
cholinergic therapy. However, broadening of theichl uses of SST analogues is limited
by the paucity of SST analogues that are seleetithe different receptor subtypes, and
the lack of SST drugs that are stable and ablerdasscdiffusion barriers. Recently-

developed non-peptide SST analogues that can savee blood-brain barrier may be of
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considerable potential in the treatment of cogaiimpairments. Further studies can help
to reveal the effects of different sst-specifiahgls on cognitive functions. Investigations
of combinations of SST with ligands acting on othezeptors may also be a promising
possibility. In conclusion, knowledge concerning ttole of SST system is currently

incomplete and further studies are required toestive controversies that have emerged

between the various experimental and clinical tesul
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