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Abstract

Neuropeptide Y, cholecystokinin (tetra- and octasulphated peptides) and
substance P were measured in lumbar cerebrospinal fluid obtained from
patients with various neurologic disorders such as Parkinson’s disease,
cerebrovascular disorders, multiple sclerosis, tuberculous meningitis and
aseptic meningitis. These results are statistically compared with healthy
results. The results accumulated showed that the data collected can provide the vital information necessary for designing drug therapy.
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Abbreviations
CNS
CCK
CSF
NPY
SP
PD
CVD
MS
AM
TBM
CT-scan
MRI
HS
SEM
L4/L5
CBF

Central Nervous System
Cholecystokinin
Cerebro-Spinal Fluid
Neuro-Peptide Y
Substance P
Parkinson’s Disease
Cerebro-Vascular Disorder
Multiple Sclerosis
Aseptic Meningitis
Tuberculous Meningitis
Computerized Tomography
Magnetic Resonance Imaging
Healthy Subjects
Standard Error of the Mean
Lumbar vertebra 4 and 5
Cerebral Blood Flow

Introduction
The monoamines, acetylcholine and amino acids
were thought to be the only classical neurotransmitters until recent years, when a large number of peptides, many of which were originally characterized
in non neural tissues, have also been shown to exist
in CNS [1]. During the last decades, it has become
evident that numerous molecules may be involved in
chemical signaling in the nervous system and that
they can be divided into their different sub-classes.
Thus, in addition to amino acids such as GABA and
glutamate and biogenic amines such as dopamine
and noradrenaline, neurons produce and release
peptides. These compounds are often referred to as
neuropeptides and represent a heterogeneous group
of molecules, the smallest ones built up of only two
amino acids with larger polypeptides consisting of 40
or more amino acids.
Receptor-active opioid peptides in human cerebrospinal fluid were demonstrated more than 20
years ago [2]. One of the major reasons for analyzing
CSF peptides instead of plasma and serum is that
neuropeptides do not readily cross the blood-brain
barrier and CSF due to constant exchange with the
nervous tissue rather than plasma can be anticipated to contain peptides which derive from the CNS
[2, 3]. The changes in the CSF peptide concentration might be attributed to certain symptoms and
can even be interpreted as characteristic features of
the pathological conditions [4].
Neuropeptide Y (NPY), cholecystokinin (CCK)
and substance P (SP) are some of the important
peptides which play vital biological roles in various
degenerative disorders. These peptides are known to
have the ability to act as neurotransmitters. These
peptides are also known to co-localize with classical
neurotransmitters within a single neuron which pro-
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vide a means to transmit more complex types of signals.
The peptides differ from the so-called classical
transmitters since 1) they function in lower concentrations than classical transmitters, 2) synthesis of
peptides is directed by mRNA in perikaryon as a
part of a much larger prohormone, from which the
active peptide is cleaved by peptidase whereas classical transmitters are formed from dietary sources by
enzymes, 3) classical transmitters respond and adopt
very rapidly to external stimuli and have their synthesis machinery with great capacity whereas neuropeptides respond slower and their synthesis machinery have a more limited capacity and speed, and
4) molecular heterogeneity of peptides can exist,
the different forms have different, sometimes opposite effects [5]. Neuropeptides are widely distributed
throughout the brain in specific nerve cells in coexistence with monoamines and/or other neuropeptides [6–8]. They are believed to participate in several physiological and pathophysiological processes,
including pain sensation, memory, neuroendocrine
functions, regulation of release of monoamine transmitters and regulation of mood [9, 10]. The effects
are brought about by primary actions of neuropeptides or their modulation of the effects of monoamines transmitters.
The elucidation of peptide transmission is essential not only for our understanding of normal neuronal function, but it is highly probable that changes
in the chemical transmission process may underlie
or at least are related to various disease processes in
the nervous system. Moreover, it is now clear that
many of the common drugs used to treat various diseases in the nervous system act via interferring with
the chemical transmission process [6, 11].
As discussed above, the data obtained so far in general support a role of peptides in chemical transmission auxillary to classical transmitters. However, it is
clear that in certain neuronal systems peptides play
the main role. This is particularly obvious in hypothalamic neurosecretory cells which produce and release
the posterior pituitary hormones vasopressin and
oxytocin, or releasing and inhibitory factors such as
luteinizing hormone releasing hormone (LHRH) and
somatostatin. Recently, it has been shown that even
these neurons have the capacity to produce and store
a classical transmitter [5]. One of the first examples
of coexistence in the central nervous system was the
demonstration of CCK-L1 in dopamine neurons in
the ventral mesencephalon, especially in the ventral
tegmental area [12]. It has also been shown that a
small population of A10 dopamine neurons contains
neurotensin [12].
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On the basis of co-existence with monoamine
transmitters and distinct regional distribution,
assumptions have been made that neuropeptides
play a role in CNS disorders [4, 13–15]. In this study,
CSF analyses of neuropeptides, such as cholecystokinin, substance P and neuropeptide Y, in various
neurologic disorders have been shown. These results
are compared with healthy subjects.
Material and Methods
Patients and healthy subjects
All patients were recruited from the Department of Neurology, Huddinge University Hospital,
Sweden, except patients with tuberculous meningitis who were recruited from the Department of
Neurology, the Aga Khan University Hospital, Karachi, Pakistan. CSF samples were obtained by lumbar
puncture within 4–8 hours of admission. 20 Parkinson’s disease (PD) patients (7 females, with mean
age 72±12 years), 16 patients (6 females, mean age
62±4 years) with ischemic stroke or cerebrovascular
disorders (CVD), 20 patients (8 females, mean age,
54±6 years) with definite multiple sclerosis (MS),
18 patients (9 females, mean age, 46±5 years) with
aseptic meningitis (AM) and 14 patients (5 females,
mean age 51±4 years) with tuberculous meningitis
(TBM) were included in this study. The diagnosis of
PD was made according to established clinical criteria [16]. None of these patients exhibited clinical
indications of symptomatic parkinsonism or depression and all had shown clear response to L-DOPA.
Among PD patients, 6 patients were included who
did not receive L-DOPA and other DAergic drugs.
For CVD patients, computerized tomography (CT
scan) and/or MRI confirmed the evidence of stroke
and its site. All the strokes were in the territory
around the middle cerebral artery. Ten of the
patients had hemiplegia and 6 had hemiparesis

at the time of admission. All the patients showed
normal CSF cell count while CSF protein and IgG
were significantly higher (Table 1). Multiple sclerosis was diagnosed according to Schaumacher criteria [17]. 9 of the MS patients had exacerbation, 5
were in remission, while 6 had chronic progressive
form of MS at the time of sampling. Exacerbation
was defined as sudden appearance of new signs and
symptoms or sudden worsening of previous signs
and symptoms lasting more than 24 hours. All
of these patients had oligoclonal bands in their
CSF. Routine CSF examination showed mononuclear pleocytosis (> 5x106/liter) in all patients.
Since, there was no difference in the levels of
CSF neuropeptides in exacerbation, remission and
chronic progressive form, all MS patients are considered in one group.
Slightly raised CSF/serum albumin ratio reflecting low-grade blood-brain barrier damage was present in MS patients, and elevated IgG Index [18] was
observed. For meningitis patients, the diagnosis of
the disease was based on standard diagnosis criteria
[19]. Besides, aseptic meningitis was diagnosed on
the basis of clinical features, culture, sensitivity tests
and laboratory investigations of CSF at the time of
admission to the hospital. Subsequent examination
of CSF was carried out the basis of clinical and therapeutic considerations. The diagnosis of tuberculous
meningitis was established on clinical and CSF findings, positive cerebrospinal Gram stain and latex
agglutination and positive presence of growth of
pathogenic bacteria. CSF samples were also collected from 14 healthy individuals (5 females, mean
age 53±5 years) with complaints of muscular tension headache. These individual were considered as
healthy subjects (HS) because CSF routine analysis
as well as blood complete examination, liver function
test, electrolytes, ESR were within normal limits.
Their general physical examination, neurological

Table 1. Clinical data on the healthy subjects (HS), patients with Parkinson’s disease (PD), cerebrovascular
disorders (CVD), multiple sclerosis (MS), asceptic (AM) and Tuberculous meningitis (TBM).

Patients

n

Females

Age (years)

HS
PD
CVD
MS
AM
TBM

14
20
16
20
18
14

5
7
6
8
9
5

53±5
72±12
70±10
54±6
46±5
51±4

CSF-albumin

CSF-IgG

IgG-index

218±17
332±42*
313±31*
188±14
412±53**
442±61**

34±4
51±7**
46±6*
65±7**
83±12***
88±11***

0.44±0.01
0.43±0.01
0.42±0.01
1.03±0.14**
0.68±0.06**
0.73±0.11**

*p<0.05,**p<0.01,***p<0.001
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observation and CT scan of the head were also
normal. The clinical data on the healthy subjects
and patient groups are presented in Table 1. All
values are expressed as mean ± Standard Error
Mean (SEM).
Lumbar puncture and routine CSF analysis
10–12 ml cerebrospinal fluid (CSF) was collected
from each patient and healthy subject in a sitting
position at the L4–L5 levels. Blood samples were
collected by venipuncture. The basic CSF analyses
included: cell counting by phase-contrast microscopy
(Sörnäs, 1967), determination of CSF/serum albumin ratio and CSF/immunoglobuline G (IgG) index
[20] as well as isoelectric focusing for detection of
oligoclonal IgG band. Serum and CSF albumin and
IgG were determined using Hitachi 737 Automatic
Analyzer (Naka Works, Hitachi Ltd., Tokyo, Japan).
CSF and serum samples were kept at –70°C if not
analyzed immediately.
Analysis of neuropeptides
CCK-8s and CCK-4 were measured using previously described HPLC technique with electrochemical detection (Qureshi et al., 1993). For measurement of CCK-peptides, the chemical identity of these
peptides was ensured using a novel HPLC system
for micropurification (SMART) and subsequent fast
atom bombardment mass spectrometry [22]. The
detection limit for CCK-4 and CCK-8s was 0.2 and
1.0 pmol/l respectively.
The quantitation of NPY was done according to
the previously described radio-immunoassay [23].
The detection limit was between 0.2 –0.5 pmol/l.
SP-L1 was determined using SP2 antisera according to the previously described method [24] based

Fig. 1. CSF levels of
NPY in various neurological patients and
healthy subjects. The
values are expressed
as mean ± SEM.
*p<0.05,
**p<0.01,
***p<0.001.
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on RIA procedure. The limit of detection using this
procedure was 0.1–0.2 pmol/l.
Analysis of data
Data are presented as mean ±SEM differences in
concentration of CCK-4, CCK-8s, NPY and SP were
analyzed with ANOVA and group comparison were
made with t-test. A p-value less than 0.05 was considered significant.
Results
Figure 1 shows the CSF levels of NPY in healthy
subjects (HS) and patients with neurological disorders. As compared to HS, NPY levels were decreased
significantly from 29.2±3.6 pmol/l to 24.1±2.0
(p<0.05), 12.3±1.4 (p<0.01), 23.3±3.0 (p<0.05) and
21.7±2.2 (p<0.05) pmol/l in CVD, MS, TBM and
AM patients and increased significantly to 37.2±4.9
(p<0.01) pmol/l in PD patients.
Figure 2 shows the CSF levels of CCK-4 and
CCK-8s where CCK-4 levels were significantly
increased from 5.2±0.9 pmol/l to 7.1±0.33 (p<0.001)
and 6.2±0.22 (p<0.01) in TBM and AM patients respectively and decreased significantly to 3.8±0.15 (p<
0.05) and 2.2±0.2 (p<0.001) in PD and MS patients
respectively. The levels of CCK-8s were decreased
significantly from 20.9±1.3 pmol/l to 11.2±0.5 (p<
0.001), 13.3±0.31 (p<0.01) and 16.3±0.46 (p<0.05)
pmol/l in PD, CVD and MS patients respectively
whereas significant increased levels of 35.3±1.3
(p<0.001) and 29.8±1.35 (p<0.001) in TBM and AM
patients respectively were found.
Figure 3 shows the levels of CSF SP, where significant increased levels from 3.2±0.2 pmol/l to 4.4±0.15
(p<0.05), 5.6±0.13 (p<0.001) and 4.9±0.11 (p<0.01)
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Fig. 2. CSF levels
of CCK-4 and CCK-8
in various neurological
patients. All these
values are expressed
as mean ± SEM.
*p<0.05,
**p<0.01,
***p<0.001.

Fig. 3. CSF levels
of substance P in
various neurological
patients. The values
are expressed as mean
± SEM.
*p<0.05, **p<0.01

pmol/l were found in CVD, TBM and AM patients
respectively whereas a significant deceased level of
2.6±0.19 (p<0.01) was found in MS patients. The
CSF level of SP in PD patients remained unchanged.
Discussion
Neuropeptide Y (NPY) is a peptide consisting of 36
amino acid residues and has been shown to modulate
a number of functions of CNS [15]. NPY has several
physiological effects [25] of which the most potent are
an increase in vasoconstriction [26] and an increase in
food intake [27]. NPY is described as the most potent
appetite stimulator known [25]. It is found in high
concentrations in several regions of the brain including nuclei of brain stem and nerve fibers surround-

ing cerebral vessels, and it has been proposed to play
a role in regulating cerebral blood flow (CBF) and
systemic vegetative functions. Vascular inflammation resulting in spasm and thrombosis has been documented during meningitis by histopathology and
angiography and is likely to lead to focal reductions of
CBF [28]. Clinical and experimental studies have further documented that autoregulation of CBF is lost
during meningitis, making CBF directly dependent
on cerebral perfusion pressure [29]. Both occurrence
of vasospasm and the loss autoregulation suggest that
the regulation of cerebral vascular tone may be disturbed during meningitis. The coexistence of NPY
with NA has also been demonstrated [30]. NPY plays
an important role in anxiety and depression besides
eating disorders. Depression is a multifactorial pro-
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cesses [7] therefore, it is of interest to study the coexistence of NPY with NA, 5-HT and DA systems relevant to depression since various neurologic patients
such as MS show signs of depression commonly. Low
levels of NPY in CSF have been reported in depressed
patients, particularly in anxiety [31]. Among our
patients only PD patients showed increased CSF
levels of NPY whereas all other groups showed significantly decreased levels (Fig. 1). The observed
reduced NPY concentrations in CSF of MS, CVD, and
meningitis patients are of interest since the infection of the CNS due to meningitis and their potential
relationship to the local and systematic consequences
could be the reason for this change in NPY levels in
infection disorder whereas the reduction, as observed
in CVD and MS patients, could be attributed to the
reduction in CBF. In larger vessels, NPY has been
shown to exert powerful vasoconstrictive properties
in vivo and vitro [32], a finding that has led to
the hypothesis that NPY may contribute to the
vasospasm associated with subarachnoid hemorrhage
[33].
The CSF concentration of NPY has been less
extensively investigated as compared to other neuropeptides. Few studies have shown decreased levels
of NPY in Alzheimer’s disease [34], MS [34, 35] and
increased levels in patients with subarchoid hemorrhage [36].
Treatment with a specific blocker of the NPYY1
receptor resulted in an anxiety-type behavior in rats
[38]. Thus, a link between anxiety and NPY seems
to exist. There are several lines of evidence which
suggest that NPY is a neurotransmitter or a neuromodulator since it causes contraction of cerebral
arteries [39]. NPY in the brain is localized mainly to
the large dense core vesicles within nerve terminals
[40]. The lack of a gradient might suggest that the
spinal cord contributes to the concentration of the
peptide in lumbar CSF. Similar results for other peptides including neurotensin, CCK and VIP have been
reported [41]. Studies in humans have shown [42]
significant concentrations of NPY at all levels of the
spinal cord. Thus the lack of a CSF rostro-caudal
gradient for NPY indicates a spinal cord or peripheral origin for a fraction of CSF NPY levels.
Cholecystokinin (CCK) peptides constitute a family
of homogenous peptides, 4-58 amino acids in length,
and derived from their precursor, preprocholecystokinin. CCK is a neuroactive peptide which exists
in various forms and exhibits a variety of peripheral
and CNS actions [43]. Besides, CCK-peptides attract
considerable interest in research due to their part in
termination of food intake, dopamine regulated functions and pain mechanism [44, 45]. While some of
these effects are mediated by the CCK octapeptide
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(CCK-8), other CCK peptides have different effects.
CCK-8 is believed to be the most prevalent form of
CCK in the CNS. It appears that CCK-8 and various
analogs may modulate CNS dopamine neurotransmission and have been studied as potential antipsychotic agents [46]. Among the other CCK peptides, its
tetrapeptide (CCK-4) is anxiogenic in humans and a
considerable amount of data supports its role in anxiety with panicogenic properties with minimal gastrointestinal effects [44].
Since CCK-ergic neurotransmission can be
detected throughout the brain, it is not surprising
that such an interaction occurs with many other
neurotransmitter systems and that CCK has a variety of functional implications. Since the first years
of research on CCK in the CNS, much attention has
already been drawn to the interactions between CCK
and dopamine [47], and the role for CCK in schizophrenia has been suggested. Interactions with dopamine and with several other neurotransmitters such
as GABA, serotonin and noradrenaline are also of
interest with regard to anxiogenic-like effects, their
involvement in cognitive processes and the CCKergic modulation of opioid actions, and of pain perception. Central CCK (octapeptide, CCK-8s) has also
been implicated in other functional roles such as a
mediator of satiety responses, a regulator of sexual
and maternal behavior and of seizure activity. As
may be expected from the involvement of CCK in
several of these processes, CCK has also been shown
to interact with other peptides and steroid hormones, CCK apparently has a role as a modulator
of learning and memory [48]. The involvement of
CCK (tetrapeptide, CCK) in anxiety responses is
supported by numerous reports based on animal
studies as well clinical observation [49]. Previously,
we have shown [35] decreased levels of CCK-4 and
CCK-8s in MS patients; however, the results in
patients with PD, mood disorders, eating disorders
have indicated inconsistent observations [44]. Our
present study shows decreased levels of CCK-4 in PD
and MS patients whereas increased levels in TBM
and AM patients. The level of CCK-8s is decreased
in PD, CVD and MS patients and increased in TBM
and AM patients (Figure 2).
Substance P (SP) is an undecapeptide which
derives from alpha, beta and gamma preprotachykinin gene transcripts and is a neurotransmitter
or neuromodulator of primary nociceptive afferents
[50]. SP is the most well known tachykinin and was,
for many years, the only one known to exist in mammalian tissues. SP has received great attention due
to its interaction with classical transmitters. In the
CNS, SP is found in most regions with the highest
levels in the substantia nigra and in the dorsal horns
of the spinal cord. In the raphe nuclei in the brain
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stem SP is known to coexist with serotonin in neurons that project to the ventral spinal cord [51]. SP
is an undecapeptide with an almost established role
as neurotransmitter or neuromodulator [52]. The
interaction between SP and serotonin is of importance in view of many studies linking serotonin to
depressive illness [11]. In pathways descending from
the raphe nuclei, SP is found in the same neurons
as serotonin [1]. In accordance with the observation
in rat, the basal ganglia are the regions in human
brain most abundantly containing SP-L1 with the
substantia nigra having the highest level. Very few
studies are directed to compare the levels of SP in
neurodegenerative diseases; however in Huntington’s disease, patients showed [53] that SP-L1 levels
in caudal nucleus and putaman are unchanged while
those in globus pallidus and substantia nigra are
substantially reduced. Brains from patients suffering from Parkinson’s disease also seem to have
decreased levels of SP in globus pallidus and substantia nigra as compared to healthy controls [54].
Unilateral injection of SP into substantia nigra of
the rat evolves dose-dependent contralateral rotational behavior, possibily indicating activation of
the ipsilateral nigro-striatal dopamine pathway [55].
Furthermore, the behavioral excitation induced by a
bilateral injection of SP into substantia nigra is abolished in rats with 6-OH DA lesion of the nigro-striatal dopamine pathway suggesting a possible excitotory effect of SP on DA neurons [56]. Very few
studies are conducted which study the levels of SP
in CSF from the patients with neurologic disorders,
however, since SP plays a very important role in the
CNS, it is very likely that CSF would provide us with
its role in various neurological disorder. However,
since SP plays a very important role in the CNS, it is
very likely that CSF would provide us with its role
in various neurological disorders. Our results indicate an increased level of CSF SP in CVD, TBM and
AM patients and a decreased level in MS patients
(Figure. 3).
From this study, mapping of neuropeptide genes
and the studies of their linkage could provide clues
to genetic factors involved in these diseases. On the
basis of future results on degenerative disorders, the
role of various neurotransmitters and the role of
neuropeptides could be clearly defined in order to
develop drug therapy.

REFERENCES
1 Hökfelt T, Ljungdahl Å, Steinbusch H, Verhofstad A, Nilsson G,
Brodin E, et al. Immunohistochemical evidence of Substance
P-like immunoreactivity in some 5-hydroxytryptamine-containing neurons in the rat CNS. Neurosci 1978; 3:517–538.
2 Terenius L, Wahlström A. Morphine-like ligand for opioid receptors in human CSF. Life Sci 1975; 13:1759–1764.
3 Terenius L. Endorphin and modulation of pain: In Critchley M,
editor. Advance in Neurology, Vol. 53. New York: Raven Press;
1982. p. 59–64.
4 Nemeroff CB. Neuropeptides and Schizophrenia: A critical
review. In: Advances in Neuropsychiatry and Psychopharmacology. Volume 1: Schizophrenia Research. CA Tamminga, SC
Schultz, editors. New York: Raven Press; 1991. p. 77–89.
5 Cooper JR, Bloom FE, Roth RH. The biochemical basis of neuropharmacology. New York: Oxford University Press; 1991.
6 Hökfelt T, Bean A, Ceccatelli S, Dagerlind Å, Elde RP, Goldstein et al. Neuropeptide and classical transmitters. Arneim
Forsch/Drug Res 1992; 42:196–201.
7 Everitt BJ, Hökfelt T, Terenius L, Tatemoto K, Mutt V, Goldstein
M. Differential co-existence of NPY-immunoreactivity with catecholamines in the central nervous system of the rat. Neuroscience 1984; 11:443–463.
8 Hendry SHC, Jones EG, DeFelipe J, Schmechel D, Brandon C,
Emson PC. Neuropeptide-containing neurons of cerebral cortex
are also GABAergic. Proc Natl Acad Sci 1984; 81:6526–6530.
9 Teledgy G. Frontiers in Hormone Research vol 15, Basel: Karger;
1987.
10 McCann SM, Weiner RI. Integrative Neuroendocrinology: Molecular and Clinical aspects. Basel: Karger; 1987.
11 Meltzer HY, Lowy MT. The serotonin hypothesis of depression.
In: Meltzer HY, editor. Psychopharmacology: The third generation of progress. New York: Raven Press; 1987. p. 513–526.
12 Hökfelt T, Johansson O, Ljungdahl, Å, Lundberg JM, Schultzberg M. Peptidergic neurones. Nature 1980; 284:515–521.
13 Chan-Palay V, Jonsson G, Palay SL. Serotonin and substance P
coexist in neurons of the rat central nervous system. Proc Natl
Acad Sci 1978; 75:1582–1586.
14 Takeuchi K, Uematsu M, Ofuji M, Morikoiyo M, Kaiya H. Substance P involved in mental disorders. Prog Neuro-Psychopharmacol and Biol Psychiat 1988; 12:157–164.
15 Heilig M, Widerlov E. Neuropeptide Y: an overview of
central distribution, functional aspects and possible involvement in neuropsychiatric illness. Acta Psychiatr Scand 1990;
8:295–314.
16 Lang AE, Fahn S. Assessment of Parkinson’s disease. In: Munsat
TL, editor. Quantification of Neurologic Deficit. Boston: Butterworths; 1989. p. 285–309.
17 Schumacher GA, Becke G, Kibler RE, Kurland L, Kurtzke J,
McDowell F, et al. Problem on the experimental trials of therapy
in Multiple Sclerosis: report by a panel on the evaluation of
experimental trails of therapy in Multiple Sclerosis. Ann NY
Acad Sci 1965; 122:552–558.
18 Link H, Tibbling G. Priciples of albumin and IgG analyses in
neurological disorders, III. Evaluation of IgG synthesis within
the central nervous system in multiple sclerosis. Scand J Clin
Lab Invest 1977; 37:297–301.
19 Futrell N, Schultz LR, Malliken C. Central nervous system disease in patients with systemic lupus erythematosus. Neurology
1992; 42:1649–1657.
20 Sörnäs R. A new method for the cytological examination
of the cerebrospinal fluid. J Neurol Neurosurg Psych 1967;
30:568–577.

Neuroendocrinology Letters ISSN 0172–780X Copyright © 2000 Neuroendocrinology Letters

415

Qureshi G.A., Baig S.M., Collin C. & Parvez S.H.
21 Tibbling G, Link H, Öhman S. Principles of albumin and IgG
analysis in neurological disorders. III. Evaluation of IgG synthesis within central nervous system in multiple sclerosis.
Scand J Clin Lab Invest 1977; 37:397–401.
22Qureshi GA, Bednar I, Min Q, Södersten P, Silberring J, Nyberg
F, et al. Quantitation and identification of two cholecystokinin
peptides, CCK-4 and CCK8s in rat brain by HPLC and fast atom
bombardment mass spectroscopy. Biomed Chromatogr 1993;
7:251–255.
23 Theodorsson NE, Hemsen A, Lundberg JM. Radioimmunoassay
for neuropeptide Y (NPY): chromatographic characterization of
immunoreactivity in plasma and tissue extracts. Scand J Clin
Lab Invest 1985; 45:355–365.
24 Sakurada T, Le Greves P, Terenius L. Measurement of Substance
P metabolites in CNS. J Neurochem 1985; 44:718–722.
25 Dumont YJC, Martel A, Fournier S, Pierre S, Quirion R. Neuropeptide Y and neuropeptide Y receptor subtypes in brain and
peripheral tissues. Prog in Neurobiol 1992; 38:125–167.
26 Grundermar L, Håkansson R. Neuropeptide Y effector systems
: perspective for drug development. Trends in Pharmacol Sci
1994; 15:153–159.
27 Lee MC, Schiffman SS, Pappas TN. Role of neuropeptides in the
regulation of feeding behaviour: a review of cholecystokinin,
bombesin, neuropeptide Y and galanin. Neurosci Biobehaviour
Rev 1994; 18:313–323.
28 Gado M, Axley J, Appleton DB, Prensky AL. Angiography in the
acute and post-treatment of Haemophilus Influenza meningitis. Radiology 1974; 10:429–444.
29 Paulson OB, Brodersen P, Hansen EL, Kristensen HS. Regional
cerebral blood flow cerebral metabolic rate of oxygen, and CSF
acid-base variable in patients with accute meningitis and with
acute encephalitis. Acta Med Scand 1974; 196:191–198.
30 Hökfelt T, Lundberg JM, Lagercrantz H, Tatemoto K, Mutt V,
Lindberg J, et al. Occurrence of neuropeptide Y (NPY)-like
immunoreactivity in catecholamine neurons in human medulla
oblongata. Neurosci Lett 1983; 36:217–222.
31 Widerlöv E, Lindström H, Wahlestedt C, Ekman, R. NPY and
PYY as possible cerebrospinal marker for major depression and
schizophrenia respectively. J Psychiatr Res 1988; 22:69–79.
32 Susuki Y, Shibuya M, Ikeyaki I, Satoh S, Takayasu M, Asano T.
Effects of NPY on canine cerebral circulation. Eur J Pharmacol
1988; 146:271–277.
33 Jackowski A, Crockard A, Burnstock G. Alteration in serotonin
and NPY content of cerebrovascular sympathetic nerves following experimental subarchnoid hemorrhage. J Cereb Blood Flow
Metab 1989; 9:271–279.
34 Alom J, Galard R, Catalan R, Castellanos JM, Schwartz S, Tolosa
E. cerebrospinal fluid neuropeptide Y in Alzheimer’s disease.
Eur Neurol 1990; 30:207–210.
35Qureshi GA, Halawa A, Baig S. Multiple sclerosis and Neurotransmission. Biogenic Amines 1996; 12(5):353–376.
36 Maeda K, Yasuda M, Kaneda H, Maeda S, Yamadori A. cerebrospinal fluid Neuropeptide Y and Somatostatin-like immunoreactivities in man. Neuropeptide 1994; 27:323–332.
37 Susuki Y, Sato S, Susuki S. Increased neuropeptide Y concentrations in cerebrosphinal fluid from patients with aneurysmal
subarachnoid haemorrhage. Stroke 1989; 20:1680–1684.
38 Wahlestedt C, Ekman R, Widerlöv E. NPY and the central nervous
system: distribution effects and possible relationship to neurological and psychiatric disorders. Prog Neuropsychompharm
Biol Psychiat 1989; 31:31–54.
39 Ekland E, Edvinsson L, Wahlestedt C, Uddman R, Hakanson
R, Sundler F. Neuropeptide Y coexists and cooperates with
noraldrenaline in perivascular nerve fibers. Regul Pept 1984;
8:225–235.

416

40 Pelletier G, Guy J, Allen YS, Polak JM. Electron microscope
immunocyto-chemical localization and Neuropeptide Y in the
rat brain. Neuropeptides 1984; 4:319–324.
41 Tamminga CA, LeWitt PA, Chase TN. Cholecystokinin neurotensin gradients in human CSF. Arch Neurol 1985; 42:354–355.
42 Allen JM, Gibson SJ, Adrian TE, Polak JM, Bloom SR. Neuropeptide Y in human spinal cord. Brain Res 1984; 308:145–148.
43 Beinfeld MC. Cholecystokinin in Central nervous system: A minireview. Neuropeptides 1983; 3:311–327.
44 Albus M. Cholecystokinin. Prog Neuro-Psychopharmacol & Biol
Psychiat 1988; 12:S5–S21.
45 Bradwejn J, DeMontigny C. Benzodiazepines antagonise cholecystokinin-induced activation of rat hippocampal neurons.
Nature 1984; 312:363–364.
46 Harro J, Kiivet RA, Lang A, Vasar E. Rats with anxious or nonanxious type of exploratory behavior differ in their brain CCK-8
and benzodiazepine receptor characteristic. Behav Brain Res
1990; 39:63–71.
47 Bednar I 1994. Cholecystokinin-dopamine-glutamate: Interaction in Feeding, Ph.D. Thesis, Karolinska Institute, Stockholm.
48 Itoh S, Lal H. Influences of Cholecystokinin and analogues on
memory processes. Drug Dev Res 1990; 21:257–276.
49 Harro J, Vasar E, Bradwejn J. CCK in animal and human research
on anxiety. Trends Pharmacol Sci 1993; 14:244–249.
50 Nyberg F, Vaeroy H, Terenius L. Opioid peptides and Substance
P in the CSF. Regulation and significance to pain. In Olesen J,
Edvinsson L, editors. Basic Mechanisms of Head ache. Holland,
Amsterdam: Elsevier; 1988. p. 241–258.
51 Chan-Palay V. Galanin hyperinnervates surviving neurons of
human basal nucleus of meynert in dementias of Alzheimer’s
and Parkinson’s disease: A hypothesis for the role of galanin
in accentuating cholinergic dysfunction in dementia. J Comp
Neurol 1988; 273:543–557.
52 Otsuka M, Yoshioka, K. Neurotransmitter functions of mammalian tachykinins. Physiol Rev 1993; 73(2):229–308.
53 Emson PC, Arrengi A, Clement-Jones V, Sandberg BEB, Rossor
M. Regional distribution of methionine-enkephalin and Substance P-like immunoreactivity in normal human brain and in
Huntington’s disease. Brain Res 1980; 199:147–160.
54 Mauborgne A, Javey-Agid J, Legrand, JC, Agid Y, Cesselin, F.
Decrease of Substance P-like immunoreactivity in the substantia nigra and pallidum of Parkinsonian brains. Brain Res 1983;
268:370–373.
55 Olpe HR, Koella WP. Rotatory behaviour in rats by intranigral
application of Substance P and an eledoisin fragment. Brain
Res 1977; 126:576–579.
56 Kelley AE, Iversen SD. Substance P infusion into substantia
nigra of the rat: Behaviour analysis and involvement of striatal
dopamine. Eur J Pharmacol 1979; 60:171–179.

