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Summary. The concentrations of somatostatin-like immuno- 
reactivity (SLI) and substance-P-like immunoreactivity 
(SPLI) in lumbar spinal fluid of patients with senile dementia 
of the Alzheimer type (SDAT), multi-infarct syndrome, com- 
municating hydrocephalus and control patients were deter- 
mined by specific radio-immunoassay. Mean SLI and SPLI 
levels were significantly lower in an aged control patient group 
(mean age 83.5 -+ 5.6 years) than in an adult control patient 
group (mean age 30.8 +_ 10 years). In the latter group SPLI 
levels correlated negatively with age. Mean SLI levels de- 
creased with deterioration in SDAT patients by up to 33% in 
late dementia. SPLI correlated with SLI in SDAT patients but 
was decreased significantly only in late dementia patients. 
Moderate and insignificant decreases of SLI were observed in 
patients with multi-infarct syndrome or communicating hydro- 
cephalus. Analysis of SLI by gel-permeation chromatography 
revealed molecular heterogeneity of SLI. At  least four peaks 
of SLI were eluted, two of which had apparent molecular 
weights of about 10,000 and 15,500, possibly representing 
somatostatin precursors. The ratio of SRIF to SLI of higher 
molecular weight was increased in patients with dementia 
compared to control patients. 
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In~oducfion 

Alzheimer disease (presenile dementia; AD) and senile de- 
mentia of the Alzheimer type (SDAT) are two forms of a de- 
generative brain disease, characterized by numerous senile 
plaques and fibrillary tangles in the cerebral cortex and hippo- 
campus [37] and by progressive intellectual deterioration, in- 
cluding language disorders and dementia. Markedly de- 
creased levels of choline acetyltransferase in the neocortex 
and hippocampus [9] and less consistent changes in other 
neurotransmitter system [7, 15, 34, 36] have been described. 

Post-mortem studies of neuropeptides have shown no 
changes in the levels of vasoactive intestinal peptide (VIP) 
and cholecystokinin (CCK) [32] or vasopressin [32] in brains 
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of AD/SDAT patients. In contrast, concentrations of somato- 
statin-like immunoreactivity (SLI) have been found to be 
markedly decreased in the cerebral cortex [2, 10, 28, 33] and 
in the CSF [20, 25, 38]. 

A loss of cholinergic cells in the forebrain appears to be a 
prominent biochemical marker for SDAT [21]. However, in 
the CSF no reliable marker for the metabolism of acetyl- 
choline is available [9,33]. On the other hand, the CSF con- 
centrations of neuropeptides, such as somatostatin and sub- 
stance P,seem to reflect partially their passage into the extra- 
cellular space and hence their synthesis and release from brain 
cells. 

The purpose of this study was to determine SLI and sub- 
stance-P-like immunoreactivity (SPLI) in the CSF of patients 
with SDAT. In view of the possible bearing of normal aging 
on peptide concentrations and of volume effects of brain tissue 
losses, we compare d findings in patients with SDAT to find- 
ings in age-matched controls, in normal adult control patients 
and in patients with symptomatic dementia of vascular or CSF 
circulatory origin. 

Patients and methods 

We examined 68 hospitalized geriatric patients (63 females, 14 
males), aged 62-89 years (Table 1). The high-age control 
group consisted of inmates of the Geriatric Department (14 
females, 1 male; mean age 83.5 _+ 5 years). They were select- 
ed because of absence of central nervous disease, intellectual 
deterioration or major psychiatric disturbances. Four patients 
showed a slight degree of depression responding to minor 
drug treatment. Four patients had mild peripheral nervous 
disease (two diabetic polyneuropathy, two plexus neuritis). 
The main pathology of these patients was skeletal disease 
(arthrosis and bone fractures) and moderate cardiorespiratory 
insufficiency. The lumbar punctures were performed either 
for diagnostic purposes in order to exclude a central nervous 
disease, or when informed consent was obtained after the 
nature of the study had been fully explained. 

Another control group consisted of 15 normal adult pa- 
tients (10 females, 5 males; mean age 30.8 + 10 years) who 
had lumbar puncture performed for diagnostic purposes. 
These patients were admitted with complaints of headache, 
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lumbalgia, dysaesthesia or general asthenia. Thorough clinical 
and laboratory examinations revealed no organic central nerv- 
ous or meningeal pathology. The total protein concentration 
of CSF was 29.0 + 8.0 mg/dl. 

A total of 32 patients (31 females, 1 male; mean age 84 + 
7 years) were diagnosed as having SDAT, the diagnosis being 
based on clinical criteria. All these patients had progressive 
deterioration of intellectual functions, including language, 
memory and personality. Symptomatic causes of dementia 
were excluded by the absence of strokes, focalized neurologi- 
cal deficits, and by laboratory examinations, including EEG 
and vascular status. 

The intellectual status of patients and the degree of deteri- 
oration were estimated by a neuropsychological examination 
based on the Brief Cognitive Rating Scale (BCRS) of Reis- 
berg et al. [30]. The diagnosis of SDAT was made when there 
was a uniform profile of intellectual deterioration for all eight 
criteria (concentration, recent memory, old memory, orienta- 
tion, functioning and self control, speech and language, motor 
performance, personality and behaviour). Of the seven de- 
grees of deterioration, only the last three (early dementia, 
middle dementia and late dementia) corresponded to the pa- 
tients selected for our study. Particular care was taken in 
establishing the diagnosis of degree I of SDAT because of the 
difficulty involved. Only five patients were selected for the 
study; in four of them, the diagnosis was confirmed by re- 
examination at least 6 months after the lumbar puncture had 
been performed. 

The group of patients with vascular disease (9 females and 
8 males; mean age 79 + 7 years) was characterized by a history 
of strokes and presence of hemiplegia and unilateral or bilat- 
eral Babinski signs. Six patients had a pseudo-bulbar syn- 
drome, one patient had in addition aphasia, one rigidity, and 
another patient had cerebellar ataxia. Only three patients 
showed no evidence of dementia; eight patients had marked 
dementia of the multi-infarct type. Other signs of vascular dis- 
ease (arteriosclerosis, hypertension) were present. In all pa- 
tients the Hachinski ischaemia score [18] was above 12. In the 
absence of systematic CT scans and of neuropathological ex- 
aminations no attempt was made to further classify this group. 

Five patients (4 females, 1 male; mean age 71 + 6 years) 
were diagnosed as having communicating hydrocephalus (nor- 
mal pressure hydrocephalus) [1] as the cause of dementia. The 
diagnosis was established by a progressive appearance of gait 
disturbance, loss of sphincter control and mild mental deterio- 
ration. In all these cases the diagnosis was confirmed by func- 
tional tests and by brain CT scans, which showed marked ven- 
tricular dilatation and absence or only a moderate degree of 
cortical atrophy. 

Almost all the geriatric patients received drug treatment, 
at least for diseases other than neurological ones (cardiovascu- 
lar, diabetes, "rheumatism"). Noteworthy was the use of 
neuroleptics, which was mandatory in agitated demented pa- 
tients and consisted of low doses of haloperidol or 
thioridazine. Dependent upon the degree of dementia, the 
proportion of patients treated in this way was 40%-62%. A 
considerable number of patients received low doses of benzo- 
diazepines; four control subjects and two patients with vascu- 
lar disease were treated with antidepressants (amitryptilin, 
clomipramin). 

The night before the lumbar puncture the patients had 
12 h of bedrest. The lumbar punctures were performed in the 
morning. First, 9 ml of CSF was withdrawn without fractiona- 

tion, immediately frozen on dry ice and then kept at - 30°C  
for further analysis. CSF contaminated by blood was excluded 
from the study. Finally, 1 ml of CSF was subtracted for 
routine laboratory examinations of cell count, total protein, 
albumin and glucose content. 

Radio-immunoassay for somatostatin 

Tyrosine°-somatostatin (Serono Co., Freiburg, FRG) was 
iodinated starting with Na~25J (purchased from Amersham- 
Buchler, Braunschweig, FRG) according to the method of 
Greenwood et al. [16]. The radio-iodinated peptide was 
purified by column chromatography on a 90 x 1 cm Sephadex 
G-25 fine column (Pharmacia, Uppsala, Sweden). Fractions 
were pooled and stored at -40°C.  A tracer prepared in this 
manner was storeable for 2-3 months without significant de- 
gradation. 

Somatostatin-like immunoreactivity (SLI) was determined 
by radio-immunoassay according to the method of Arimura et 
al. [3], using a specific antibody (K 18, obtained from Ferring 
Co., Kiel, FRG) raised in rabbits, which recognizes the 
somatostatin molecule at the ring structure. Cyclic synthetic 
SST-14 (SRIF) and synthetic SST-28 are detected on an equi- 
molar basis by this antibody. Standard solutions were pre- 
pared with synthetic SRIF (Serono Co.). The incubation 
period was 60 h. The incubation medium consisted of a phos- 
phate buffer system mimicking the conditions of somatostatin 
in CSF (pH 7.4). The final antibody dilution ws 1:700,000. 
Free SLI was separated from the antibody-bound species by 
using the charcoal separating technique. Incubation damage, 
checked in each assay by omitting the antibody, showed negli- 
gible denaturation of the tracer. 

Determinations were done in duplicate. The detection 
limit was 10 pg/ml. Intra-assay and interassay variation coeffi- 
cients were 5% and 12% respectively. For proof of identical 
immunological reactivity between SRIF and CSF-SLI a dilu- 
tion series was prepared from synthetic SRIF and SLI origi- 
nating from CSF and the content of somatostatin measured by 
radio-immunoassay. Immunological identity was indicated if 
the resulting curves were parallel. The recovery of synthetic 
SRIF added to CSF was greater than 90% (range 90%-96%). 

For peptide characterization the following procedure was 
chosen. About 30ff4500 fmol/ml SLI containing CSF (corre- 
sponding to about 10-20 ml native CSF) was concentrated on 
an octadecasilyl-silicagel cartridge and then eluted by 90% 
aqueous acetic acid (vol/vol). This method affords 90% recov- 
ery for synthetic SRIF and a 60% recovery for SST-28. The re- 
covery of a CSF sample treated in this manner was 60%. 

The acetic acid eluate was lyophilized, reconstituted in 1 
ml of 0.1 M acetic acid containing 0.05% bovine serum albu- 
min and subjected to gel-permeation chromatography (GPC) 
on a 40 x l cm Sephadex G-25 superfine column. Thirty frac- 
tions each containing 2 ml of eluate were collected and 
lyophilized. After reconstitution with assay buffer the SLI 
content of each fraction was measured by radio-immunoassay. 
In this way, it was shown that synthetic SRIF and synthetic 
SST-28 do not undergo chemical modification and retained 
their full immunoreactivity during the adsorption-desorption 
procedure. No reaction products other than the synthetic re- 
ference peptides could be detected. The elution profile of CSF 
pooled from 3-5 patients revealed three peaks of SLI. One 
peak co-eluted with synthetic SRIF and one peak eluted with 
the void volume. The third peak consistently appeared be- 
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Table 1. Clinical data and CSF levels of somatostatin-like immunoreactivity (SLI) and substance-P-like immunoreactivity (SPLI) 
in control patients and in patients with senile dementia of the Alzheimer type, vascular disease and communicating hydrocephalus 

Patient group Number (sex F/M) Mean age SLI SPLI 
(fmol/ml) (fmol/ml) 

Control I 15 (10/5) 30.8 + 10.0 49.0 + 11.2 11.3 + 3.3 
Control II 15 (14/1) 83.5 + 5.6 32.5 + 12.0" 8.1 + 2.0* 

SDAT Deterioration stage I 5 (4/1) 80.2 + 4.4 32.3 + 6.0 8.1 + 0.4 
Deterioration stage II 13 (13/0) 82.8 + 8.4 23.7 + 8.0** 8.0 + 2.4 
Deterioration stage III 13 (13/0) 86.7 + 6.1 22.0 + 10.2"** 6.0 + 2.0*** 

Total 31 (30/1) 84.0_+ 7.2 24.3 + 9.2*** 7.2 + 2.3 

Vascular disease 17 (9/8) 78.9 + 6.7 26.6 + 9.3 6.9 + 2.1 
Communicating hydrocephalus 5 (4/1) 70.8 + 5.9 22.6 + 5.9 9.1 + 4.3 

* P < 0.01 vs. control I 
** P < 0.05 vs. control II 

*** P < 0.02 vs. control II 

tween the other  two, corresponding to neither SST-28 nor to 70 
SST- 14 (SRIF) nor  SST-25. 

For  molecular  weight determinations of SLI arising from 60 
the Sephadex G-25 superfine void volume,  the corresponding 
fractions were subjected to chromatography on 84 x 1 cm col- 50 
umns of Sephadex G-25 superfine and G-50 superfine, using a -~ 
set of appropriate molecular  weight markers: myoglobin ~ ~0 

"6 

(18,000), cytochrome-C (13,000), aprotinin (6,500), somato- E 
- -  3 0  

statin-28 (3,200) and somatostatin-14 (1,600). Prior to 
_a 

chromatography the G-25 superfine void volume samples 
2 0 -  

were incubated with 8 M urea-containing phosphate buffer 
(0.05 M, pH  7.5) for 24 h. 10- 

Radio-immunoassay of substance P 

8-Tyrosyl-substance P (Peninsula Laboratories ,  Belmont ,  
Calif.) was iodinated according to the method  of  Greenwood  
et al. [16] with NalZSJ. The  tracer was purified by ion-ex- 
change chromatography on a 6 x 1 cm sulfopropyl-Sephadex 
column (Pharmacia),  using gradient elution starting with 
10 ml of 0.006 M ammonium acetate solution (pH 4.6), fol- 
lowed by 0.6 M ammonium acetate solution (pH 4.6). Frac- 
tions exhibiting maximal antibody binding were pooled and 
stored at - 40°C. The storage does not  alter the tracer quality 
for at least 3 months.  

Substance-P-like immunoreact ivi ty (SPLI) was determined 
in 1:10 concentrated CSF by radio-immunoassay.  In spite of 
the elevated salt concentrations due to the concentrat ion pro- 
cedure,  there was no interference with the assay by antibody 
precipitation. The final antibody dilution in the assay was 
1 : 1,400,000. We used an antiserum raised in rabbits (kindly 
donated by the Depar tment  of Pharmacology,  Universi ty of 
Freiburg,  F R G ) ,  which shows little cross-reaction with the 
closely related undeca-peptide physalaemine (15%), whereas 
cross-reactions with eledoisin, bombesin and somatostatin can 
be neglected ( <  1%). Standard solutions were prepared with 
synthetic substance P (Peninsula Laboratories ,  Belmont ,  
Calif.,  USA) .  The incubation period was 72 h in phosphate  
buffer of pH 7.5. Separation of free SPLI from the antibody- 
bound species was performed by the charcoal technique.  In- 
cubation damage checked by omitting the antibody showed 
negligible denaturat ion of the tracer. Determinat ions  were 
done in duplicate. The detection limit of the assay was 15 pg/ 
ml. Intra-assay and interassay variation coefficients were 5% 
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Fig.l .  Scattergram of individual concentrations of somatostatin-like 
immunoreactivity (SPLI) in CSF of control patients and patients with 
dementia, vascular disease and communicating hydrocephalus 

and 11% respectively. The recovery of synthetic substance P 
added to CSF ranged from 92% to 104%. 

For  statistical analysis Student 's  t-test was employed to 
determine significance indicated by P values. Correlat ions 
were established by linear regression on a Hewlet t -Packard 
HP  9825 A. 

Results  

The mean SLI concentrat ion in control group I (mean age 
30.8 _+ 10 years) was 49.0 + 11.2 and in control group II 
(mean age 83.5 +_ 5.6 years) was 32.5 _+ 12.0 fmol/ml (Table 1). 
The corresponding SPLI values were 11.3 _+ 3.3 for control 
group I and 8.1 _+ 2.0 fmol/ml for control group II. The differ- 
ence in SLI concentrat ions be tween control group I and con- 
trol group II was significant (P < 0.05). The individual values 
are shown in Figs. 1-2. There  was no significant correlation 
between age and peptide levels with the exception of control 
group I, which showed age and SPLI to be negatively correlat- 
ed (r = - 0.619). A small positive correlat ion of SLI and SPLI 
was apparent in control group II (r = + 0.392). 

Patients with S D A T  had a significantly decreased mean 
concentrat ion of SLI in comparison to control group II (Table 
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Fig.2. Scattergram of SPLI in CSF of control patients with senile de- 
mentia, vascular disease, and communicating hydrocephalus 
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P < 0.05) and in stage III  patients (late dementia; P < 0.02; 
Table 1; Fig. 1). SPLI was significantly decreased only in stage 
III  patients. The decrease of SPLI correlated with that of SLI 
in stage III  (r = + 0.669) and less so in the total SDAT group 
(r = + 0.533). 

Our patients with vascular disease and dementia exhibited 
a slight and non-significant decrease of SLI (Table 1; Fig. 1) 
and SPLI (Fig.2). These decreases were correlated (r = 
+ 0.486). In patients with communicating hydrocephalus only 
SLI was non-significantly decreased (Table 1; Fig. 1). 

GPC of pooled CSF samples of control group II showed 
only a small peak co-eluting with synthetic SST-14 (SRIF) and 
no peak co-eluting with synthetic SST-28. Two major peaks 
were observed, one eluting with the void volume of the col- 
umn, and a second peak showing a molecular weight between 
the two synthetic species. In patients with SDAT as well as in 
patients with vascular disease, the peak corresponding to SST- 
14 became much more pronounced and was the preponderant  
peak in the CSF of DSAT patients (Fig. 3). In patients with 
communicating hydrocephalus the pattern was similar to that 
of high-age control patients. 

On Sephadex G-50 superfine the void volume fraction 
yielded two peaks with apparent molecular weights of about 
10,000 and 15,500. A 24-h incubation under denaturating con- 
ditions did not afford smaller peptides related to somatostatin 
in significant amounts, indicating that these putative precursor 
molecules do not represent species aggregated by hydrogen 
bonding. The second peak from G-25 columns exhibited an 
apparent molecular weight close to that of synthetic SST-25 
and might represent a short-chain N-terminally extended SST- 
14 molecule. 
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Fig.3a--c. Pattern of molecular size of immunoreactive somatostatin 
in the CSF. Gel-permeation chromatography on Sephadex G-25 of 
identically treated pooled CSF samples, a High-age control group II; 
b senile dementia of the Alzheimer type; c vascular disease 

1). When classified according to the stage of deterioration, pa- 
tients in the early dementia phase (stage I) showed no de- 
crease of SLI compared with the age-matched controls, while 
a significant decrease was observed in stage II (mid-dementia; 

Discussion 

Somatostatin-like immunoreactivity was significantly reduced 
in the CSF of patients with SDAT in accordance with earlier 
reports [20, 25, 35, 38]. These findings agree with observa- 
tions of reduced cerebrocortical SLI in AD/SDAT [10, 33]. 
The loss of SLI appeared to increase with progression of de- 
mentia, reaching 33% in patients with severe deterioration. A 
more marked decrease of SLI in 42% of control patients was 
reported previously by Wood et al. [38]. These authors, how- 
ever, did not use an age-matched control group. 

Age has generally not been found to correlate with CSF 
SLI changes. Yet, our control group II, which consisted of 
high-age patients free of abnormal neurological signs or de- 
mentia, showed a significantly reduced SLI level when com- 
pared with a young adult control group (mean age 30.8 years), 
which had a mean SLI level identical to that of a group of 
schizophrenics, matching with respect to age [14]. Age-related 
decrease has also been observed in the number of cholinergic 
cells of the basal forebrain [21]. Aging per se may affect 
somatostatin producing and substance P-ergic cells, which 
may be a slow process, easily escaping detection except when 
comparing young adults with very old subjects. This is sup- 
ported by the negative correlation between age and SPLI in 
control group I. 

Patients with vascular disease showed a non-significant de- 
crease of CSF SLI. Although most of these patients exhibited 
various degrees of dementia, there was no correlation be- 
tween SLI and dementia within this group. Probably extensive 
brain damage in multi-infarct dementia will reduce the extra- 
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cellular pool of SLI, similar to brain atrophy of other origins 
[20]. Moreover, a volume effect should result in a decrease of 
CSF SLI concentration in cases of hydrocephalus. Decreased 
SLI concentrations in normal pressure hydrocephalus were 
also found by Kohler et al. [20]. Drug effects are unlikely to 
be responsible for the decrease of SLI in dementia. Treatment 
with neuroleptics would more likely increase than decrease 
SLI in the CSF, according to Gattaz et al. [14]. 

Extrahypothalamic somatostatin has been detected in 
numerous areas of the brainstem [5], but the bulk of the pep- 
tide occurs in the cerebral hemispheres [29]. Studies based on 
animal experiments suggest that somatostatin has important 
physiological functions [31]. Electrophysiological studies in 
the cerebral cortex [19] and in the hippocampus [12] have 
shown an excitatory effect like that of acetylcholine. In 
peripheral autonomic neurons, somatostatin has been report- 
ed to inhibit the release of acetylcholine [17]. Co-existence of 
somatostatin and acetylcholine has not been demonstrated in 
the forebrain, but the striking decrease of cerebral cholinergic 
cells and somatostatin concentrations both in the cortex and in 
the CSF is compatible with a pathophysiological link occurring 
in SDAT. 

The presence of multiple forms of SLI in the CSF is in ac- 
cordance with recent studies (e.g. [29]). The origin of various 
somatostatin species is at present unclear; both spinal cord 
and brain apparently contribute to the SLI in lumbar CSF. 
Most of the molecular forms of somatostatin recovered from 
CSF still require further characterization, including the high- 
molecular-weight forms which may represent somatostatin 
precursors [29]. Surprisingly, little SRIF was detected in the 
CSF of our control patients. This, however, was also observed 
by Penman and Wass [27], who found about 80% high-molec- 
ular-weight forms of SLI and about 20% in the region of SST- 
28. Reichlin et al. [29] also reported a preponderance of high- 
molecular-weight SLI and only little SST-25,28. 

Our finding of an altered GPC pattern of SLI in demented 
patients needs further classification. Qualitative alterations of 
somatostatins in neurological diseases have been neglected 
until now, unlike estimations of total SLI. In this preliminary 
study, a discrete peak of SST-28 could not be detected, but the 
resolution of GPC is not optimal for the distinction of this and 
closely related forms of SLI. Besides SST-14 (SRIF) at least 
SST-28 and SST-25 have been proved to possess biological ac- 
tivity [4, 22]. Recently, SST-28 [1-12] has been detected in the 
cerebral cortex with the suggestion that it may be a 
neuromodulator within the cortico-cortical intrinsic system 
[23]. Interestingly, SLI has also been observed in neuritic 
plaques of AD [24]. It has been suggested that somatostatin is 
one of several peptides located in cerebral cortical inter- 
neurons [11, 24], the failure and destruction of which might 
represent a crucial event in the pathophysiology of AD- 
SDAT, notwithstanding the importance of failure of cholin- 
ergic projections from the nucleus basalis [21]. 

Depletion of SLI in CSF is not specific to SDAT and also 
occurs in degenerative diseases of the basal ganglia which 
are normally rich in SLI [6, 13]. On the other hand, studies 
of SDAT have suggested deficiencies in multiple neurotrans- 
mitter systems [7, 9, 15, 24, 32]. In this study, the decrease of 
substance P correlated with the decrease of SLI, but was less 
marked and significant only in patients with advanced SDAT. 
This neuropeptide has central nervous distribution different 
from that of somatostatin, highest concentrations occurring in 
the substantia nigra and in the dorsal horn of the medulla [26]. 

Crystal and Davies [8] found significantly decreased SPLI con- 
centrations in five of eight brain regions of patients with 
SDAT compared with aged control patients. Our finding of a 
late and rather moderate decrease of SPLI in SDAT, together 
with a negative correlation of SPLI with age in control pa- 
tients, suggests that the decrease of lumbar SPLI in SDAT 
may be a secondary and less specific change compared with 
the change in SLI. 
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