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Abstract 

 

During the past 40 years, somatostatin (SST) has been a subject of intensive research. 

Apart from its substantial role in the neuroendocrine system, due to its dense localization 

in various areas in the brain, its functions as a neuromodulator have also been thoroughly 

investigated. Increasing evidence suggests that SST plays a crucial role in memory and 

cognition. Synthetic forms, biologically active peptide sequences, SST receptor agonists 

and SST depleting agents have been applied in animal models and in human studies of a 

number of neuropsychiatric disorders. The translation of experimental data into clinical 

use could provide novel therapies in neurodegenerative disorders involving cognitive 

dysfunctions. However in view of the controversial data reported concerning the different 

roles of the SST receptor subtypes, and the lack of SST analogues that are able to cross 

diffusion barriers and act selectively at these receptor subtypes, broader clinical use of 

SST analogues as cognitive enhancers is limited. This review covers the whole range of 

available experimental results relating to the behavioural effects of SST, and highlights 

the potential for further investigations. 
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Introduction 

 

Somatostatin (SST) also known as somatotropin release-inhibiting factor (SRIF) 

was discovered in 1972 by Guillemin at al., who were attempting to purify and 

characterize growth hormone (GH)-releasing hormone (GHRH) from the ovine 

hypothalamus, but instead discovered an inhibitor of GH release [1]. Since its discovery, 

SST has been identified throughout the central nervous system (CNS), in the endocrine 

tissues and in the gastrointestinal tract.  

There are two native, biologically active forms of SST, the 14 amino acid-

containing form (SST-14) and its N-terminally extended precursor SST-28 (Fig. 1) [2]. 

Like other protein hormones, SST is produced by enzymatic cleavage from a larger 

inactive precursor molecule, prepro-SST, a polypeptide consisting of 116 amino acids 

which  yields the active polypeptides (Fig. 2) [3]. Processing of prepro-SST to generate 

the two bioactive forms primarily occurs at the C-terminal end. SST-14 is generated by 

dibasic cleavage of an Arg-Lys residue, whereas endoproteolysis of a monobasic Arg site 

furnishes SST-28 [4,5].  

SST is produced in high density in cells throughout the CNS, the peripheral 

nervous system, the endocrine pancreas and the gut, in addition to the thyroid, adrenals, 

submandibular glands, kidney, prostate, placenta, blood vessel walls, and immune cells 

[6-15]. In view of its coexistence in neurones with classical neurotransmitters, its release 

properties and its capacity to modulate synaptic transmission and neuronal activity, SST 

can be regarded as a neuromodulatory agent [16]. Lepousez et al. recently demonstrated 

that SST-immunoreactive interneurones interact directly with mitral cell dendrites, with 

the participation of dendrodendritic reciprocal synapses. This provides an anatomical 

basis for a neuromodulatory role of the peptide on the granule-mitral cell dendritic 

interactions that are fundamental to olfactory processing [17,18]. 

Somatostatinergic neurones occur in high densities throughout the CNS and give 

rise to an extensive network of SST-containing fibres and axon terminals in numerous 

brain regions, including the cerebral cortex, hippocampus, amygdala, hypothalamus, 

brainstem and spinal cord [14]. From the results of specific receptor binding and 

genetically modified animal models, the anatomy and function of the somatostatinergic 
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pathways have been revealed (for a review see Viollet et al., 2008) [16]. However, the 

functional role and development of these pathways are still subjects of extensive 

examination. In a recent review, Epelbaum et al. emphasized the role of the hippocampal 

somatostatinergic pathways in memory, cognition and emotions [19].  

There is increasing evidence that SST contributes to the organization of the CNS. 

The early appearance of SST receptors (sst-s) has been demonstrated in the rat brain. 

Gonzalez et al. detected high levels of SST-binding sites in the brain of 15-day-old 

foetuses, and autoradiographic studies revealed marked differences in the distribution of 

sst-s during ontogenesis. In the cortex, the cortical plate and the subplate zone appeared 

to contain high densities of binding sites until birth. After postnatal day 4, this laminar 

distribution of binding sites in the cortex disappeared and a homogeneous distribution 

was observed in almost all cortical layers [20]. Sirviö et al. measured SST-like 

immunoreactivity (SLI) in the brains of rats aged 1, 8 and 18 months, and found an 

overall progressive reduction in cortical SST binding [21]. In the cerebellum, these 

effects have been reported to be much more dramatic. In the neonatal rat cerebellum, the 

external granule cell layer, a germinal matrix containing interneurone precursors, 

contains a high density of sst-s (predominantly sst2a) receptors. In adult rats, the 

cerebellum is devoid of sst-s [22]. These results suggested that SST might control the 

migratory behavior of immature neurones [23], primarily through mediation by the sst2A 

subtype [24,25]. Le Verche and colleagues later confirmed these hypotheses in in vitro 

and in vivo experiments [26]. 

The goal of the present review is to survey knowledge relating to the effects of 

SST on cognitive functions and neurologic diseases involving impaired cognition, i.e. 

Alzheimer’s disease (AD), Huntington’s disease (HD), and Parkinson’s disease (PD) and 

amyotrophic lateral sclerosis (ALS). 

 

Somatostatin receptors 

 

The cloning and functional characterization of the sst subtypes that bind SST-14 

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

SST are mediated by a family of sst-s, believed to be glycoproteins. The experimental 
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indication that the carbohydrate component of the sst-s may be involved in promoting 

high-affinity ligand binding [27,28] suggested that there may be several different 

subtypes of sst-s [28]. The use of iodinated somatostatinergic ligands identified two 

pharmacologically distinct binding sites in the brain. Six sst subtypes (sst1, sst2A, sst2B, 

sst3, sst4 and sst5), belonging in the G-protein-coupled receptor family were cloned and 

divided into two subfamilies on the basis of structural and operational features: sst2, sst3 

and sst5 in the SRIF-1 subfamily, and sst1 and sst4 in the SRIF-2 subfamily, 

distinguished by the high affinity of cyclic peptides such as octreotide (SMS-201-995), 

seglitide (MK-678) and lanreotide (BIM-23014) for the SRIF-1 group [29-31]. Córdoba-

Chacón et al. recently identified and characterized four novel truncated sst5 variants in 

rodents [32], displaying different numbers of transmembrane domains. Three of these 

were obtained from mice, and one from the rat hypothalamus and pituitary. 

Comparisons of the sequences of the receptor subtypes from different species 

indicate that the sequence of sstl is the most highly conserved, with 97% identity between 

the human and rodent proteins, whereas the sequence of sst5 is the most divergent, with 

only 81% identity between the human and rat sequences. The identity between human 

and rat sst2, sst3 and sst4 is 92, 86 and 89%, respectively. The amino acid sequence 

differences within a receptor subtype are located primarily in the regions of the 

extracellular amino domain and intracellular  carboxy termini, with the sequences of the 

membrane-spanning alpha-helical segments and intracellular connecting loops being 

more highly conserved [33]. The genes coding for sst1, sst3, sst4 and sst5 are intronless, 

whereas in rodents the gene for sst2 contains three introns, which result in the generation 

of two receptor protein variants: the unspliced sst2A, and sst2B, which is spliced in the 

carboxy terminal part of the gene, and differs from sst2A in the length of its carboxy tail 

[31]. The mRNAs for the sst subtypes, widely expressed at different levels in human and 

rodent tissues, have distinct, but overlapping patterns of expression. All six subtypes are 

expressed in the CNS; sst1 can be found in the small intestine, stomach and lung; sst2 in 

the kidney, pituitary and adrenal gland; sst3 in the pancreatic islets; and sst5 in the 

pituitary as well [33]. 

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

[Gi] and brain-derived G-protein [Go]) to multiple cellular effector systems. They mediate 
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the inhibition of adenylyl cyclase activity, leading to a reduction of the conductance of 

voltage-dependent Ca2+ channels, and the stimulation of different  K+ channels [34-40]. 

They additionally mediate the stimulation of tyrosine phosphatase activity, the reduction 

of cell proliferation and the inhibition of a Na+/H+ exchanger (NHE1) [41].  

As regards SST, it may act on a distant “third” synaptic component, modulating 

glutamatergic or GABAergic transmission. Apart from this neuromodulatory effect, it can 

evoke a response on its own postsynaptic element (a neurotransmitter-like effect). In both 

modes of action, the effects of SST are slower and longer-lasting relative to those of 

classical neurotransmitters. The neuromodulatory effects of SST are mostly presynaptic. 

SST inhibits glutamate release via sst1 [42], sst2 [43] or sst5 [38], depending on the 

anatomical structure [44]. SST exhibits long-lasting effects on glutamatergic synapses, 

either depressing long-term potentiation in the dentate gyrus/lateral perforant path [38] or 

enhancing it in the dentate gyrus/medial perforant path [45]. One study reported an 

intracellular Ca2+-dependent modulation of AMPA currents postsynaptically,  mediated 

by sst2 activation in the hypothalamus [46]. Interestingly, in sst2 knock-out (KO) mice, 

the glutamatergic responses were increased in the hippocampal slices [47], suggesting 

that SST exerts an inhibitory tone on glutamatergic transmission through sst2 activation 

[48]. However, the activation of sst4, selectively expressed in the hippocampal CA1, 

increased the hippocampal glutamatergic responses, an effect inhibited by the activation 

of sst2, suggesting the possible functional interaction of these subtypes [49]. 

Furthermore, SST has been found to inhibit GABA release presynaptically [42,50]. 

SST plays a key role in the control of pituitary hormone release, most notably that 

of GH, but also those of thyroid stimulating hormone and, in some cases, 

adrenocorticotropic hormone and prolactin [51]. Besides this direct control of GH 

secretion at the pituitary level, mediated through the activation of sst2 and sst5, some 

studies have pointed to an intrahypothalamic control of GH, involving primarily sst1 and 

sst2. Thus, SST would inhibit GHRH neurones and thus GH secretion on one hand, and 

on the other hand it would exert a negative feedback on its own release, thereby resulting 

in a stimulation of GHRH and GH release [44,52,53]. The diversity of the actions of SST 

suggests that it should have a number of other potential therapeutic uses as well. The 

localization of specific sst subtypes in the previously described regions of the brain 
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implicated in locomotor activity, sensory perception, learning and memory suggest that 

non-peptide SST analogues that can cross the blood-brain barrier may have potential 

therapeutic applications in neuropsychiatric disorders [33,51,54,55]. 

 

Animal studies 

 

The first evidence of a behavioural effect of SST was the observation of a 

transient tranquillizing effect of a large dose administered intravenously to monkeys 

(Table 1) [56]. Several later studies on rodents indicated a role for the peptide in the 

control of locomotor activity, and also in learning and memory processes. The 

intracerebroventricular (i.c.v.) injection of SST induced marked behavioural excitation in 

rats associated with a reduction in slow-wave and rapid eye movement sleep [57]. 

Experiments by our group two decades ago, likewise revealed that i.c.v. administration of 

the peptide influenced self-stimulation, inhibited the extinction of active avoidance 

behaviour, provoked antiamnesic effects and increased the locomotor activity [58-64]. In 

more recent studies our group has considered the hypothesis that SST may act on 

memory consolidation or retention processes [65]. I.c.v. injections of SST have been 

demonstrated to improve the performance in passive avoidance and shuttle box learning 

in rats. It produced barrel rotation in a dose-related manner and decreased the rearing 

activity. On the other hand, subcutaneously administered cysteamine and pantethine 

(SST-depleting substances) diminished the avoidance latency of the animals in a dose-

related manner in passive and active avoidance tests. They markedly reduced several 

manifestations of open-field behaviours, such as locomotion, rearing, grooming and 

defecation, and attenuation of SST-induced barrel rotation [66-68]. Since the late 80’s 

various other groups have also established that, in both active and passive training 

protocols, extinction of the avoidance response is facilitated after appropriate systemic 

cysteamine injection [69-75], and SST depletion results in learning and memory deficits, 

revealed by an impaired performance in shuttle box learning, or in the morris water Maze 

in rats [76-78]. As concerns the effects of i.c.v. or intrahippocampal cysteamine 

treatment, Guillou et al. found that, while it impaired spatial learning, cysteamine was 

also capable of accelerating the acquisition of a bar-pressing task by increasing the 
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retention of information from one session to another in mice. Their results suggested that 

depending on the type of learning, bidirectional hippocampal function regulatory 

mechanisms involving both SST and adenyl cyclases may exist [79]. Opposite regulation 

of the hippocampal system may occur during different kinds of learning, and their 

modulation by pharmacological agents can produce opposite effects on the acquisition of 

different tasks according to their synergistic or antagonistic action with the effects of 

learning alone [80]. 

On the other hand, SST and its effective agonists exert positive effects in most 

cognitive tests. I.c.v. administration of SST or its analogue SMS-201995 (selective for 

sst2, sst3 and sst5) reversed cysteamine-induced impairment in active and passive 

avoidance protocols [71,81]. Romanova et al demonstrated that decorticated rats 

performed significantly better after i.c.v. injections of SST, in passive avoidance tests 

[82]. Recent studies have focused on the effects of centrally and peripherally applied sst 

agonists on motor and cognitive functions in animal models, suggesting a viable therapy 

for the treatment of AD and other forms of cognitive impairment. Matsuoka et al. 

compared the anti-amnesic and cognitive effects of FR121196 (N-[4-acetyl-1-

piperazinyl]-4-fluorobenzenesulfonamide) and SST. FR121196 is a putative cognitive 

enhancer substance, that possibly acts via dopaminergic and/or cholinergic mechanisms. 

They found that, while i.c.v. administered SST significantly ameliorated the memory 

impairments induced both by cysteamine and by scopolamine and nucleus basalis 

magnocellularis (NBM) lesioning, FR121196 ameliorated only those produced by 

scopolamine and NBM lesioning, and not those in the case of cysteamine [81].  

The same group evaluated the cognitive enhancing actions of FK960 (N-[4-

acetyl-1-piperazinyl]-p-fluorobenzamide monohydrate; a SST-releasing agent) with 

NBM or fimbria fornix lesioning after cysteamine or scopolamine treatment in aged rats 

and after cysteamine administration in the rhesus monkey. FK960 improved visual 

recognition in the monkey, and ameliorated all the memory impairments in rats except 

those induced by cysteamine or fimbria fornix lesion. However, the effects of FK960 on 

scopolamine-induced memory impairment were abolished by cysteamine, suggesting that 

FK960 ameliorates the cognitive dysfunction through an activation of the SST-ergic-

serotonergic link [77,83]. Tokita et al. reported similar results after intraperitoneal 
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injections of FK960 and FK962 (N-[1-acetylpiperidin-4-yl]-4-fluorobenzamide; another 

SST-releasing agent), and found that these compounds were able to ameliorate cognitive 

dysfunction in rat models [84,85].  

Controversial results have been published, as regards the startle response and pre-

pulse inhibition (PPI; an important test for sensory gating which is impaired in several 

cognitive diseases). Fendt et al. indicated that the SST-ergic projection from the central 

grey to the caudal pontine reticular nucleus (PnC) is important for modulation of the fear-

potentiated startle response. When octreotide, a synthetic octapeptide, with high affinity 

to the sst2, sst3, and sst5, but very low affinity for sst1 and sst4 [86], was injected into the 

PnC, it blocked fear potentiation of the startle response, whereas it had no effect on the 

tone-evoked activity of PnC neurones [74]. Kungel et al. found that chronic cysteamine 

treatment impaired the development of the acoustic startle response in rats, while Feifel 

and Minor showed that cysteamine reversed the decreases in PPI induced by systemic 

injections of amphetamine, but had no effect on the amplitude of the acoustic startle 

reflex itself [73,75]. In a recent investigation Semenova et al. established that the 

administration of SST-28 (10 µg i.c.v) significantly decreased PPI with no effect on the 

amplitude of the acoustic startle response or startle response habituation [87]. 

Administration of the selective sst1 antagonist SRA-880 tended to reverse the SST-

induced deficits in PPI. They assumed that increased SST transmission may be one of the 

neurochemical mechanisms underlying anhedonia, one of the negative symptoms of 

schizophrenia, and the sensorimotor gating deficits associated with cognitive impairments 

in schizophrenia patients. 

Gastambide et al. tested the effects of selective sst agonists on both short- and 

long-term memory in mouse models, demostrating that the intrahippocampal injection of 

SST-14 decreased place learning and memory, this deterioriation mainly being mediated 

by sst4 receptors [88]. 

 (For a brief summary see table 1.).  

Null mutant mice lacking SST also displayed significant impairments in motor 

learning [89]. Interestingly, sst2 KO mice exhibited a specific facilitation of learning in a 

hippocampal-dependent spatial discrimination task, while the working memory was not 

modified in an operant learning protocol [90-92]. However, SST KO animals did not 
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indicate major learning and memory defects, as opposed to mice overexpressing 

cortistatin, a SST-related peptide [91,93]. A recent study revealing the effects of sst3 in 

object recognition, object information and synaptic plasticity emphasized that neuronal 

cilia detecting SST (via sst3) are critical for object memory [94]. When sst2 or sst3 or 

sst4 receptor KO mice participated in object recognition tests, it was found that the lack 

of sst3 was associated with an impaired degree of object recognition but had no effect on 

the memory of object location. However, as in all studies involving the use of genetically 

engineered mouse mutants with the constitutively arrested expression of a certain gene of 

interest, the data obtained must be interpreted with caution. Both compensatory processes 

and differences in the genetic background of the flanking regions of the mutation site 

may contribute to the phenotype observed [95]. 

 

 

Neurological diseases and somatostatin 

 

SST has been implicated in a variety of neurological diseases. Changes in SST 

and its receptors have long been associated with dementia, epilepsy and major affective 

disorders [51]. A decreased level of SST in the cerebrospinal fluid (CSF) has been 

observed in patients with impaired cognition, such as schizophrenia, AD, PD, essential 

tremor, drug refractory epilepsy and active multiple sclerosis [96]. 

 

Alzheimer’s disease 

 

AD is an irreversible neurodegenerative disorder that predominantly affects 

individuals over age the age of 65. It is characterized clinically by progressive dementia, 

and histopathologically by the presence of extracellular deposits of amyloid fibrils in the 

core of senile plaques, intracellular neurofibrillar tangles and neuronal cell loss [97,98]. 

One of the principal components of senile plaques, amyloid β-peptide (Aβ), is considered 

to be involved in the pathogenesis of AD [99,100]. Aβ is formed from the amyloid 

precursor protein by sequential enzymatic processing. The accumulation of Aβ has been 
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associated with progressive neuronal death, cognitive deficits and neuropsychiatric 

disorders such as agitation, apathy and increased anxiety [101-104]. 

Among the different neuropeptides whose levels are significantly altered in 

patients with AD, SST is reported to be the most consistently reduced, both in the brain 

and in the CSF [105-112]. Immunohistochemical analyses of human control and AD 

brains have revealed a significant reduction (>70%) in the number of SST-

immunoreactive neurones in the AD frontal cortex [113], which would account for the 

deficit in SST concentration previously reported in this brain area [105,114]. In the 

hippocampus, substantial early losses of SST-immunopositive neurones and SST mRNA 

were detected in a transgenic mouse model of AD, in the absence of changes in other 

neuronal markers of GABAergic, glutamatergic and cholinergic systems or in the 

principal cell number [115]. Furthermore, a linear correlation was observed between the 

SST deficiency and the Aβ content. SST seems to bring about a  specific increase in the 

activity of neprilysin (an enzyme implicated in the catabolism of Aβ), thereby promoting 

the degradation of Aß42, presumed to be the main pathogenetic factor in the disease 

[116]. In view of these findings, SST could constitute an important biomarker via which 

to assess the efficacy of potential early AD treatment [115]. 

In animal studies, the continuous i.c.v. infusion of Aβ1–40 or Aβ25–35 for 14 

days resulted in significant reductions in SLI content in the rat hippocampus, 

frontoparietal cortex and temporal cortex [117-120], which parallels the reduction seen in 

postmortem brains of patients with AD [105]. The treatment of such rats with IGF-1 

[119] or estradiol [121] partially restored the SST parameters affected after Aβ infusion. 

These findings suggest that the accumulation of Aβ contributes, at least partly, to the 

well-documented deficits in SLI content throughout the AD brain. 

There are data indicating that, besides SST deficiency, abnormalities at the level 

of the sst-s, are also present in the AD brain [122], though another study found no 

difference in sst density [123]. More recent studies succeeded in unravelling the specific 

sst subtypes affected in AD. The subtype-selective alterations in sst protein expression in 

AD cortical regions are providing an emerging picture of a central role not only of SST, 

but also of the sst subtypes in the pathophysiology of AD. Nevertheless there is some 

controversy in the results that have been published. Krantic et al. described a  reduced 
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sst1 binding capacity in the frontal and temporal cortices in AD, while Kumar detected 

marked reductions in the neuronal expression of sst4 and sst5 and a modest decrease in 

sst2-like immunoreactivity without any changes in the sst1-immunoreactive neurones in 

the frontal cortex of AD patients [113,124]. 

 

Huntington’s disease 

 

HD is an autosomal dominant hereditary disorder caused by an expanded 

polyglutamine tract in the protein huntingtin [125]. The onset of HD usually occurs in 

mid-life and progresses to death over 15–20 years. The disorder is characterized by 

motor, cognitive and psychiatric symptoms. The pathological abnormalities seem to be 

restricted to the CNS, with preferential vulnerability in the caudate, putamen and deep 

layers of the cerebral cortex [126]. Similarly to the cognitive deficits observed in human 

patients, animal models have revealed that a cognitive dysfunction may be present before 

any motor or behavioural symptom [127-130].  

Decreased concentrations of a number of neurotransmitters and neuropeptides 

have been reported in the basal ganglia in HD. SST levels were determined in the CSF of 

patients with HD, in first generation relatives of choreic patients and in neurological 

control patients [131]. The SST levels were markedly decreased both in the affected 

patients and in the symptom-free offspring. In an early study, Aronin et al. measured the 

concentrations of several peptide neurotransmitters in the basal ganglia of patients with 

HD. The levels of radioimmunoassayable SST were reported to be increased in extracts 

of the caudate, putamen, and external and internal globus pallidus in HD [132], a finding 

corroborated by studies on postmortem brain samples and SLI in healthy controls versus 

patients with Huntington chorea [133-135]. Marshall and Landis explained this increase 

in terms of the elevated SLI in the local circuit neurones, whereas the SST-

immunoreactive striatal neurones appeared to degenerate in proportion to the loss of 

striatal tissue, in contrast with an increase in the density of immunostained varicose 

fibres. In comparison, the pattern and amount of fibre staining in the substantia nigra 

appeared virtually unchanged from that seen in the normal brain [136]. In animal models 

of HD, where striatal lesions are commonly produced by the administration of kainic acid 
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[137] or the NMDA receptor agonist quinolinic acid, a similar pattern of neuronal 

degeneration and significant elevations in SST concentrations were observed, due to the 

relative sparing of a small population of medium-sized, aspiny neurones containing SST 

and neuropeptide Y in the markedly neurone-depleted striatum [138-140]. Examinations 

of the involvement of the sst-s in HD revealed marked reductions in the density of SST 

binding sites in the caudate and putamen of all patients with HD, but no alterations in the 

nucleus accumbens or in the ventral aspects of the anterior putamen [141]. As regards the 

effects of cysteamine, one study indicated that the maximum tolerated dosage 

administered for 2 weeks produced no consistent change in the extrapyramidal or 

dementia scores, and the SST concentrations in the plasma or CSF were not significantly 

altered [142], while another study revealed that cysteamine treatment might prevent 

neuronal loss in the YAC128 mouse model of HD, but was unable to reverse the neuronal 

dysfunction [143].  

 

Parkinson’s disease  

 

PD is a progressive degenerative disorder of the CNS, characterized by degeneration and 

loss of the dopamine-containing cells of the nigrostriatal system. Levodopa treatment has 

been accepted as the primary treatment of PD for more than 30 years. Dupont et al. 

established that the SST concentrations are irreversibly low in PD patients [144]. 

Epelbaum et al. measured SST levels by radioimmunoassay in several regions of the 

cerebral cortex (frontal, entorhinal, cingulate, temporal and occipital) and also in the 

caudate nucleus and hypothalamus, and observed significant correlations between the 

decreased SST levels in the frontal cortex, the hippocampus and the entorhinal cortex and 

the cognitive deficit in patients with PD. In the hippocampus, significant correlations 

were found with both the age at onset and the duration of the disease [145]. In several 

studies, measurements of the concentrations of SLI in patients with extrapyramidal motor 

diseases, or in postmortem brain tissues revealed that the SST levels in PD patients 

correlated with the degree of akinesia, rigidity and autonomic disturbances, and that the 

AD-like dementia that occurs these patients is associated with reduced concentrations of 

SST in the CSF or the cortex [146-148]. In these studies, the level of SLI was found to be 
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significantly lower in PD patients than in normal or senile controls without Parkinson’s 

syndrome, and the extent of the reduction proved to be related to the progression of the 

disease. SST mRNA quantitation revealed a significant increase in the medial medullary 

lamina of the globus pallidus in PD relative to the controls, suggesting a specific 

modification of basal ganglia SS-ergic pathways in PD [149,150]. However, conflicting 

evidence has also been published, the results pointing either to a SLI elevation in the CSF 

[151] or to no changes in SLI post mortem in the cerebral cortex [152,153] or in cortical 

neurosurgical biopsies [154], suggesting that involvement of the SST-ergic system may 

not be a primary and consistent neurochemical feature of dementia [155], or at least it 

may be less significant than in AD dementia [156]. Conversely, monitoring of the levels 

of SST in the serum or brain samples has been used in the animal models, or during the 

treatment of the disease [157,158]. Since the late 1970’s various approaches have been 

made to apply SST in extrapyramidal disorders and PD. SST, however, did not induce 

any improvement or deterioration of the symptoms, signs or EEG abnormalities in these 

patients [159,160].  

 

 

Amyotrophic lateral sclerosis 

 

ALS, a progressive degenerative disease of the CNS is nevertheless generally 

considered to be a paradigm of a pure motor neurone disorder; the possible occurrence of 

a cognitive impairment in patients affected by ALS is recognized. A cognitive or 

behavioural impairment is reported in 10–50% of these patients [161]. In the largest study 

on patients with an original diagnosis of ALS, the dementia presented with behavioural 

dysfunctions in 15/41 patients, and with language dysfunctions in 26/41 [162]. Dementia 

in ALS may be a consequence of either frontotemporal lobar degeneration or co-existing 

AD [163]. The neuropathological data point to frontotemporal atrophy in ALS patients 

with a cognitive impairment [164]. However cognitive dysfunctions can not be 

exclusively explained in terms of these changes; the subcortical structures such as the 

amygdala and extrapyramidal sites like the globus pallidus, thalamus, and substantia 

nigra have been found to be involved in this disease [165,166]. Katagiri et al. in an earlier 
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study examined levels of neuropeptides in spinal cord sections and in Onuf’s nucleus. 

There was no significant difference between the ALS and control cases as concerns the 

peptide-immunoreactive fibres segments in the spinal cord or in Onuf's nucleus [167]. As 

regards SLI in the CSF, no change was found between ALS patients and normal subjects 

[168]. Nieto-Gonzalez et al. found a decreased density of parvalbumin- and SST-positive 

inhibitory interneurones and reduced vesicular GABA transporter immunoreactivity in 

the neuropil of the wobbler mouse, an animal model of ALS. Since ALS patients 

demonstrate cortical hyperexcitability, there is a possibility that alterations in the 

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

 

Therapeutic strategies – clinical applications 

 

The wide distribution of SST systems throughout nearly all brain regions suggests that 

they play significant roles in brain functioning [16]. Taken together, the experimental 

data that have been accumulated during the past 40 years have proved the localization of 

specific sst subtypes in regions of the brain implicated in locomotor activity, sensory 

perception, learning and memory, and suggest that SST plays a substantial role in 

memory and cognition. In their recent review, Epelbaum et al. concluded that SST deficit 

is a generalized marker for many brain disorders associated with cognitive impairments, 

and therefore relates to the pathophysiology of cognitive deficits in general rather than to 

the aetiology of a specific neuropathology [19]. There is general agreement that a low 

SST level or sst impairment can contribute to AD, but the results relating to the 

signficance of this system in the other three neurologic diseases are inconsistent. 

Accordingly further studies are required to clarify the role of this system in other 

neurologic diseases that involve memory dysfunctions. Since the discovery of decreased 

SST concentrations in the brain of AD patients, which were found to correlate with the 

dementia score, various attempts have been made to increment or even substitute anti-

cholinergic therapy. However, broadening of the clinical uses of SST analogues is limited 

by the paucity of SST analogues that are selective at the different receptor subtypes, and 

the lack of SST drugs that are stable and able to cross diffusion barriers. Recently- 

developed non-peptide SST analogues that can traverse the blood-brain barrier may be of 
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considerable potential in the treatment of cognitive impairments. Further studies can help 

to reveal the effects of different sst-specific ligands on cognitive functions. Investigations 

of combinations of SST with ligands acting on other receptors may also be a promising 

possibility. In conclusion, knowledge concerning the role of SST system is currently 

incomplete and further studies are required to solve the controversies that have emerged 

between the various experimental and clinical results. 
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