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Effect of Dimaprit and Cimetidine on the
Somatostatinergic System in the Rat

Frontoparietal Cortex
Lilian Puebla, Ph.D., and Eduardo Arilla, M.D.

A recent study carried out by this laboratory demonstrated
that exogenous histamine increases the somatostatin (SS)
receptor/effector system in the rat frontoparietal cortex
(Puebla and Arilla, 1995). In the present study we
examined the participation of the Hp-histaminergic system
in this modulation by use of the Hy-receptor agonist and
antagonist dimaprit and cimetidine, respectively. Dimaprit
administration [20 ug/rat, intracerebroventricularly (ICV)]
to rats 2 hours before decapitation increased the number of
SS receptors in the frontoparietal cortex without changing
the affinity constant. Pretreatment with cimetidine (20 ug/
rat, ICV) prevented the dimaprit-induced changes in 55
binding in the frontoparietal cortex, whereas cimetidine
alone (20 pg/rat, ICV) had no observable effect on this
parameter. The in vitro addition of dimaprit or cimetidine to
frontoparietal cortex membranes from untreated rats did not
markedly affect the SS binding characteristics.
Somatostatin caused a significantly higher inhibition of
basal and forskolin (FK)-stimulated adenylyl cyclase (AC)
activity in frontoparietal cortex membranes from dimaprit-
treated rats than in controls, an effect that was prevented by
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pretreatment with cimetidine. No significant differences,
however, were detected for the basal or FK-stimulated AC
enzyme activity in the control, dimaprit-, and/or
cimetidine-treated groups, which suggests no impairment of
the AC catalytic subunit. In addition, the functional
activity of the guanine nucleotide-binding inhibitory
protein G;, as measured by the capacity of the stable GTP
analogue 5'-guanylylimidodiphosphate [Gpp(NH)p] to
inhibit FK-stimulated AC activity, was not altered by
dimaprit. Thus, the increased SS-mediated inhibition of AC
activity observed in the dimaprit-treated rats may be caused
by the increase in the number of SS receptors. Neither
dimaprit nor cimetidine affected somatostatinlike
immunoreactivity (SSLI) content. The present results,
together with the fact that SS and histamine have been
shown to influence locomotor activity and nociception in a
similar manner, suggest that some of the neurotransmitter
effects of SS may be modulated by histamine via
H)-histaminergic receptors. [Neuropsychopharmacology
14:367-374, 1996]

There are several sets of data supporting the hypothesis
that the somatostatinergic and histaminergic systems
are interrelated and that reciprocal regulation occurs.
The cerebral cortex is one of the brain areas with the
highest concentration of somatostatin (SS) and SS recep-
tors (Patel and Reichlin 1978; Srikant and Patel 1981). It
has been demonstrated that histaminergic fibers ascend-
ing from histaminergic neurons present in the tubero-
mammillary nucleus of the posterior hypothalamus
innervate all areas and layers of the cerebral cortex
(Panula et al. 1989). In addition, centrally administered
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SS has been reported to produce a dose-related decrease
in histamine levels in the rat cerebral cortex (Cacabelos
et al. 1988). A recent study by our laboratory demon-
strated that exogenous histamine increases the SS re-
ceptor/effector system in the rat frontoparietal cortex
(Puebla and Arilla 1995). Because a high density of his-
tamine Hj-receptors has been detected in the cerebral
cortex (Ruat et al. 1990, 1991), it was of substantial inter-
est to examine the participation of the Hy-histaminergic
system in the histamine-induced modulation of the
somatostatinergic system in the rat frontoparietal cor-
tex. Furthermore, histamine, acting via Hp-receptors,
and SS seem to play synergistic roles in regulating loco-
motor activity, both inducing hypoactivity (Rezek et al.
1977; Cacabelos et al. 1988; White and Rumbold 1988)
and nociception (Chrubasik et al. 1984; Bhattacharya
and Parmar 1985; Malmberg-Aiello et al. 1994). In view
of these findings, dimaprit, an Hy-receptor agonist, and
cimetidine, an Hj-receptor antagonist, were used to
analyze whether the Hj-histaminergic system exerts
some effect on somatostatinlike immunoreactivity (SSLI)
content and on the specific binding of SS to its recep-
tors. Considering that the postreceptor mechanism of
action of SS includes, at least in part, the inhibition of
adenylyl cyclase (AC) activity following the activation
of S5 receptors coupled via guanine nucleotide-binding
inhibitory protein G; to the enzyme (Schettini et al.
1989), the ability of SS to inhibit basal and forskolin
(FK)-stimulated AC activity in the rat frontoparietal
cortex was also measured. Functional activity of the
inhibitory GTP-binding regulatory protein G; was also
assessed by the inhibitory action of low concentrations
of the stable GTP analog 5'-guanylylimidodiphosphate
[Gpp(NH)p] on FK-stimulated AC activity in frontopa-
rietal cortex membranes.

MATERIALS AND METHODS
Chemicals

Synthetic Tyr!1-SS and SS-14 were purchased from Uni-
versal Biologicals Ltd (Cambridge UK); carrier-free
Na!?I (IMS 300, 100 mCi/ml) was purchased from the
Radiochemical Centre (Amersham, UK). Bacitracin, phe-
nylmethylsulfonylfluoride (PMSF), 3-isobutyl-1-methyl-
xanthine (IBMX), bovine serum albumin (BSA), GTF,
FK, Gpp(NH)p, and cimetidine were supplied by Sigma
Quimica (Madrid, Spain). Dimaprit dihydrochloride
was supplied by ICN Biochemicals (Cleveland, USA).
The rabbit antibody used in the radioimmunoassay
technique was raised in rabbits against SS-14 conju-
gated to BSA and is specific for SS, but because SS-14
also constitutes the C terminal portions of SS-28, the
antiserum does not distinguish between these two
forms (Penman et al. 1979).
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Experimental Animals

The animals used in this study were Wistar rats (n = 30)
weighing between 200 and 250 g. Rats were maintained
on a 12-hour light/dark cycle (0700-1900) and allowed
free access to food. Dimaprit (20 pg/rat) was dissolved
in 0.9% NaCl, and cimetidine (20 pg/rat) was dissolved
first in dimethyl sulfoxide and then diluted with 0.9%
NaCl to the concentration desired. Drug doses were
selected according to the effective doses reported in
previous studies (Netti et al. 1981; Kraly and Arias
1990). All drugs were administered intracerebroventric-
ularly (ICV) according to the method described by
Noble et al. (1967) in a volume of 10 wl. In one experi-
mental group, cimetidine (20 ug/rat, ICV) was admin-
istered 30 minutes before dimaprit (20 pg/rat, ICV)
injection. Control animals for each group were injected
with equivalent volumes of the corresponding vehicle.
Rats were killed by decapitation 2 hours after the last
drug injection. The brain was rapidly removed, and the
frontoparietal cortex was dissected over ice according
to the method of Glowinski and Iversen (1966).

Tissue Extraction and SS Radioimmunoassay

For SSLI measurements the frontoparietal cortex was
rapidly homogenized in 1 ml 2 M acetic acid using a
Brinkman polytron (setting 5, 30 s). Extracts were boiled
for 5 minutes in a water bath, chilled in ice, and aliquots
(100 pl) were removed for protein determination (Patel
and Reichlin 1978). The homogenates were subse-
quently centrifuged at 15,000/g for 15 minutes at 4°C,
and the supernatant was neutralized with 2 M NaOH.
Extracts were immediately stored at —70°C until as-
sayed. The SSLI content was measured in tissue extracts
by a modified radioimmunoassay method (Patel and
Reichlin 1978) with a sensitivity limit of 10 pg/ml. The
intra- and interassay variation coefficients were 6.8%
and 8%, respectively.

Binding Assay

Tyr'l-SS was radioiodinated by chloramine-T jodina-
tion (Greenwood et al. 1963). Separation of iodinated SS
from unincorporated iodine was carried out on a
Sephadex G-25 (fine) column equilibrated and eluted
with 0.1 M acetic acid containing BSA (0.1% w/v). The
specific activity of the purified labeled peptide was
determined by the method of Singh et al. (1985). The
specific activity of radioiodinated SS was approxi-
mately 600 Ci/mmol.

Membranes from rat frontoparietal cortex were pre-
pared as previously described by Reubi et al. (1981).
Membrane protein was determined by the method of
Lowry et al. (1951) using BSA as a standard. Specific SS
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binding was measured according to the method of
Czernik and Petrack (1983) modified from Srikant and
Patel (1981). The membranes (0.15 mg protein/ml) were
incubated in 250 pl of a medium containing 50 mM Tris-
HCl buffer (pH 7.5), 5 mM MgCl,, 0.2% (w/v) BSA, and
0.1 mg/ml bacitracin with 250 pM 125I-Tyr!1-SS either in
the absence or presence of 0.01 to 10 nM unlabeled SS.
After incubation for 60 minutes at 30°C, bound and free
ligand were separated by centrifugation at 11,000/g for
2 minutes, and the radioactivity in the resultant pellet
was measured in a Kontron gamma counter. Nonspe-
cific binding, that is, binding occurring in the presence
of a high concentration (10~7 M) of unlabeled SS, repre-
sented about 20% of the binding observed in the
absence of unlabeled peptide. This nonspecific compo-
nent was subtracted from the total bound radioactivity
in order to obtain the corresponding specific binding.
Peptide degradation was determined by the method of
Aguilera et al. (1982).

Adenylyl Cyclase Assay

Adenylyl cyclase activity was measured as previously
reported (Houslay et al. 1976) with minor modifica-
tions. Briefly, rat frontoparietal cortex membranes (0.06
mg/ml) were incubated with 1.5 mM ATP, 5 mM
MgSOy4, 10 uM GTP, an ATP-regenerating system (7.5
mg/ml creatin phosphate and 1 mg/ml creatine kinase),
1 mM IBMX, 0.1 mM PMSE 1 mg/ml bacitracin, 1 mM
EDTA, and test substances (SS or FK) in 0.1 ml of 0.025
M triethanolamine/HCI buffer (pH 7.4). After a 15-
minute incubation at 30°C, the reaction was stopped by
heating the mixture for 3 minutes. After cooling, 0.2 ml
of an alumina slurry (0.75 g/ml in triethanolamine/
HCl1 buffer, pH 7.4) were added and the suspension was
centrifuged. The supernatant was taken for assay of
cyclic AMP (cAMP) by the method of Gilman (1970).

Table 1. Effect of Dimaprit, Cimetidine, and Cimetidine
plus Dimaprit on SS Receptors and SSLI Content?

SS Receptors SSLI
Bmax K4 (n=25)

Control 396 + 12 0.27 = 0.03 8.66 = 1.40
Dimaprit 572 + 340 0.34 = 0.04 8.14 = (.51
Control 396 + 21 024 £0.02 1072 +0.64
Cimetidine

plus dimaprit 423 + 21 0.29 + 0.03 13.72 = 0.46
Control 401 =10 0.34 £0.03 10.55 = 0.53
Cimetidine 405+ 13 039 +0.02 10.21 £0.94

“Binding parameters were calculated from Scatchard plots by linear
regression. Units for Ky are in nM, units for Bmax are femtomoles of SS
bound per mg of protein, and units for SSLI are ng SS per mg protein.
The results are represented as the means + SEM of five separate experi-
ments performed in duplicate.

bStatistical comparison versus control: p < .001.
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Data Analysis

The computer program LIGAND (Munson and Rod-
bard 1980) was used to analyze the binding data. The
use of this program enabled models of receptors that
best fit a given set of binding data to be selected. The
same program was also used to present data in the form
of Scatchard plots (Scatchard 1949) and to compute val-
ues for receptor affinity (Kq) and density (Bmax). Statisti-
cal comparison of all the data were carried out with
one-way analysis of variance (ANOVA) and Student’s
Newman-Keuls test. Means among groups were con-
sidered significantly different when the p value was less
than .05. Each individual experiment was performed in
duplicate.

RESULTS

Previous experiments confirmed that the specific bind-
ing of 12I-Tyr!1-SS to frontoparietal cortex membranes
changed linearly with protein concentration and was
time dependent in all the experimental groups. An
apparent equilibrium was observed between 50 and 180
minutes at 30°C (data not shown). All subsequent bind-
ing experiments were therefore conducted at 30°C for
60 minutes.

Dimaprit administration was associated with an
increase in SS binding (Table 1 and Figure 1). Scatchard
plots of the binding of 125I-Tyr!!-SS to membranes indi-
cate that dimaprit administration increased the number
of SS receptors without changing their apparent affinity.
Pretreatment with cimetidine reversed the effect of
dimaprit on frontoparietal cortex SS receptors, whereas
cimetidine alone had no observable effect on SS bind-
ing. To assess whether dimaprit exerted a direct action
on SS receptors, 1075 M dimaprit was included in the
incubation medium at the time of the binding assay
with membranes from the frontoparietal cortex of nor-
mal rats. The addition of dimaprit to the incubation
medium changed neither the number nor the affinity of
the SS receptors in the frontoparietal cortex membranes
(data not shown).

The stability of the radioligand in membranes from
different groups was measured to examine the possibil-
ity that decreased 1%I-Tyr!1-SS degradation might account
for increased SS binding by these membranes. Fronto-
parietal cortex membranes from control and dimaprit-
or cimetidine-treated rats showed a similar peptide
degradation capacity and the values varied by no more
than 10% in all experimental groups.

As shown in the concentration-response curve for
the effect of SS on AC activity (Figure 2), inhibition of
basal and FK-stimulated AC activity was only signifi-
cant at a concentration of 1074 M SS in frontoparietal
cortex membranes from control rats. Therefore, this
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Figure 1. Scatchard plots of the specific binding of 12I-
Tyrll-somatostatin (12°1-Tyr!1SS) to frontoparietal cortex mem-
branes. Membranes (0.15 mg protein/ml) were incubated for
60 minutes at 30°C in the presence of 250 pM 1%I-Tyr!1-SS
and increasing concentrations of native peptide. Solid circles,
control rats (n = 5); open circles, dimaprit-treated rats (n = 5)
(left panel); open squares, cimetidine-treated rats (n = 5) (right
panel); open triangles, cimetidine plus dimaprit-treated rats
(n = 5) (center panel). Values are expressed as the mean +
SEM of five separate experiments performed in duplicate.
The corresponding equilibrium binding parameters are
included in Table 1.

concentration was used in subsequent experiments on
SS-mediated inhibition of AC activity. No significant
differences were seen for either the basal or the FK-
stimulated AC enzyme activities in membranes from
the frontoparietal cortex of the control, dimaprit, and/
or cimetidine groups (Table 2). In all experimental
groups a significant inhibition of basal and FK-stimu-
lated AC activity by SS (10~* M) was observed. In the
dimaprit group, however, the capacity of SS (1074 M) to
inhibit the basal and FK-stimulated AC activity in the
frontoparietal cortex was significantly higher than in
the control group. Pretreatment with cimetidine pre-
vented the increase in SS-mediated inhibition of AC
activity induced by dimaprit, whereas cimetidine alone
had no effect on this parameter.

The stable GTP analog Gpp(NH)p was employed to
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Figure 2. Effect of increasing concentrations of SS on basal
(left panel) and FK-stimulated (right panel) adenylyl cyclase
activity in frontoparietal cortex membranes from control
rats. The effect of SS was studied in the absence or presence
of 1075 M FK and the indicated concentrations of S5. Data
are expressed as a percentage of the basal or FK-stimulated
adenylyl cyclase activity in the absence of SS (100%). Basal
and FK-stimulated AC activity was 163 += 3 and 887 + 48
pmol cAMP/min/mg protein, respectively. The results are
given as the mean = SEM of five separate determinations,
each performed in duplicate. ** Statistical comparison versus
AC activity in the absence of S5:p < .01.

evaluate whether there were changes in the functional
activity of G; proteins which might explain the greater
SS-mediated inhibition of AC activity observed in the
present study. Low concentrations of Gpp(NH)p pro-
duced an inhibitory effect on FK-stimulated (3 X 10 ©
M) AC activity in control and dimaprit-treated rats,
achieving a maximum inhibition at a concentration of
1077 M (Figure 3). This effect has been used by several
investigators as a measure of G; functional activity
(Strassheim et al. 1991; Young et al. 1991). The Gpp(NH)p-
mediated inhibition of FK-stimulated AC activity was
similar in frontoparietal cortex membranes from control
and dimaprit-treated rats (Figure 3).

Dimaprit or cimetidine produced no change in fron-

Table 2. Effect of SS (1074 M) and FK (107> M) on Brain AC Activity (pmol cAMP/min/mg protein) in Frontoparietal
Cortex Membranes from Control, dimaprit-, cimetidine-, and cimetidine plus dimaprit-treated rats”

Dimaprit

Cimetidine Cimetidine + Dimaprit

Control (#-5) Treated (n-5) Control (n-5) Treated (n-5) Control (n-5) Treated (1-5)

Basal activity 157 =9 178 =7 141 + 18 141 =7 146 = 6 139 = 10
Basal activity + 1074 M SS 124 + 7 1207 110 £ 5 112 x1 112 +5 105 =8
SS inhibition of basal activity (%) 21+ 2 28 + 10 22=*3 21+ 4 203 24 +4
+1075M 926 + 43 1068 = 61 815 = 30 880 = 21 863 = 46 784 = 50
Fold FK stimulation over basal 59+03 6.0+0.2 5804 62 *03 59+02 56 02
10-°MFK + 1074 M SS 722 + 42 748 + 34 641 = 26 667 = 31 688 * 40 608 = 47
SS inhibition of FK stimulation (%) 22=x1 30 + 1¢ 211 24 +3 23+ 1 22+2

“Values represent the mean = SEM of five separate experiments performed in duplicate.

bStatistical comparison versus control: p < .05.
¢Statistical comparison versus control: p < .001.
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Figure 3. Dose-effect curves for 5'-guanylylimidodiphos-
phate [Gpp(NH)p]-mediated inhibition of AC activity in rat
frontoparietal cortex membranes from control (solid circles,
n = 5) and dimaprit-treated (open circles, n = 5) rats. Curves
for the action of Gpp(NH)p on AC activity were carried out
in the presence of 3 X 107 M FK and the indicated concen-
trations of Gpp(NH)p. Data are expressed as a percentage of
FK-stimulated AC activity in the absence of Gpp(NH)p
(100%). The results are given as the mean * SEM of five sep-
arate determinations performed in duplicate. No statistically
significant differences were obtained between the control
and dimaprit-treated rats.

toparietal cortex SSLI levels in comparison with the
control group (Table 1).

DISCUSSION

This study provides evidence that the number of SS
receptors and the inhibitory effect of this neuropeptide
on AC activity increase in frontoparietal cortex mem-
branes from dimaprit-treated rats. The data extend pre-
vious observations carried out by our laboratory that
demonstrate that exogenous histamine positively mod-
ulates the SS receptor/effector system in the rat fronto-
parietal cortex (Puebla and Arilla 1995) and indicate
that the histamine Hj-receptor is involved in this modu-
lation.

The SSLI content and the binding parameters of SS
receptors in the frontoparietal cortex of control rats
were similar to those previously reported by others
(Patel and Reichlin 1978; Srikant and Patel 1981). Scat-
chard analysis of the stoichiometric data reveal linear
plots. This, however, is not proof of the existence of one
type of SS receptor. Indeed, five different SS receptor
subtypes have recently been cloned (Hoyer et al. 1994),
and the tissue distribution of the messenger ribonucleic
acid for these SS receptor subtypes has been studied in
the rat (Bruno et al. 1993; Pérez et al. 1994). The five SS
receptor subtypes appear to be expressed in the rat
brain and have similar high affinity for SS. Thus, a lin-
ear Scatchard plot reveals only that all SS receptor sub-
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types have similar affinity for the radioligand used in
the study.

To date, the mechanism by which histamine Hp
receptors mediate the action of dimaprit on SS binding
to its specific receptors in the rat frontoparietal cortex is
unknown. A direct effect of dimaprit on the SS recep-
tors can be excluded, however, because no change in
tracer binding was detected following incubation of
fresh frontoparietal cortex membranes with 107> M
dimaprit. In addition, histamine H»-receptors seem to
mediate this effect because pretreatment with the Hj
antagonist cimetidine selectively antagonizes the increase
in 125I-Tyr!1-SS binding and SS-mediated inhibition of
AC activity.

We cannot eliminate the possibility, however, that the
effect of dimaprit on the SS receptor/effector system
may be mediated by an indirect action on other neu-
rotransmitter systems. It has recently been demon-
strated that histamine stimulates acetylcholine release
in the rat hippocampus through an action at Hy recep-
tors (Mochizuki et al. 1994). Our research group previ-
ously demonstrated that the activation of the cholinergic
muscarinic and cholinergic nicotinic systems increases
the number of SS receptors in the frontoparietal cortex
and hippocampus, respectively (Barrios et al. 1990;
Alvaro-Alonso et al. 1993).

A recent study carried out by our laboratory has
demonstrated that the blockade of histamine Hj autore-
ceptors by thioperamide, a selective H3 antagonist that
enhances histamine release, increases the number of
somatostatin receptors and SS-mediated inhibition of
AC activity. This effect was shown to be due to the acti-
vation of postsynaptic histamine H; and H» receptors
by endogenous histamine released from the histaminer-
gic nerve terminals by thioperamide. In addition, the
activation of Hj receptors by a selective agonist, 2-pyri-
dylethylamine also increased the activity of the SS
receptor/effector system (unpublished data).

Although some studies carried out in primary cell
cultures have demonstrated that SS inhibits stimulated
AC activity to a significant extent in a dose-dependent
manner (Van Calker et al. 1980; Chneiweiss et al. 1984),
in parallel with its ability to inhibit radioligand binding,
other investigators required a relatively high concentra-
tion of SS (1074 M) to produce inhibition of basal and
FK-stimulated AC activity in rat or human cerebral
membranes (Nagao et al. 1989; Schettini et al. 1989; Gar-
lind et al. 1992), the same concentration as that used in
the present study. Despite this high concentration, sev-
eral lines of evidence suggest that the effect of SS is
receptor-mediated and is not a nonspecific inhibitory
effect. In this regard, the GTP dependence of the inhibi-
tory effect suggests the involvement of a G protein in
the response. This finding is consistent with binding
studies on postmortem human and rat brain tissue that
have shown that the binding of SS to its recognition site
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is affected by GTP in a manner consistent with the
involvement of a G protein (Garlind et al. 1992). In
addition, Nagao et al. (1989) and Schettini et al. (1989)
have shown that SS-reduced cAMP formation in the rat
brain occurs via a G protein coupled to AC. These find-
ings, plus the lack of an inhibitory effect of SS (1 uM) on
basal AC activity in primary cultures of mouse embry-
onic glial cells reported by Chneiweiss et al. (1984),
would argue against a nonspecific inhibitory effect of
the neuropeptide.

In frontoparietal cortex membranes from control and
dimaprit-treated rats similar levels of AC activity were
noted both in basal conditions and when the enzyme
was stimulated directly by the diterpene FK. Thus, the
increased inhibitory effect of SS on AC activity in fron-
toparietal cortex membranes of dimaprit-treated rats is
not due to an impairment of the catalytic subunit of AC
but is most likely related to the observed increase in the
number of SS receptors.

The functional activity of G; proteins was measured
in control and dimaprit-treated rats in order to deter-
mine whether the greater inhibition by SS observed in
the dimaprit group was due to a change at this level. In
both control and dimaprit-treated rats, the nonhydro-
lyzable GTP analog Gpp(NH)p elicited a characteristic
biphasic effect on FK-stimulated AC activity, with low
concentrations inhibiting FK-stimulated AC activity
and higher concentrations stimulating it. This biphasic
effect is due to the activation of G; and Gs proteins,
respectively, due to the higher affinity of G; proteins for
Gpp(NH)p (Strassheim et al. 1991). The lack of changes
in the inhibitory effect of Gpp(NH)p on FK-stimulated
AC activity in frontoparietal cortex membranes from
dimaprit-treated rats suggests that the increased SS
inhibition of AC activity is not a result of an increase in
Gia protein AC coupling but is also probably related to
the increase in the number of SS receptors observed in
this study.

Dimaprit or cimetidine produced no change in fron-
toparietal cortical SSLI levels in comparison with the
control group. This result is not unexpected given a
recent finding that exogenous histamine affects neither
SS content nor SS release in cultured rat fetal cerebro-
cortical cells (De los Frailes et al. 1993). In addition,
since SS inhibits growth hormone (GH) secretion, the
fact that the Hp-histaminergic antagonist cimetidine has
little effect on GH secretion (Zanaboni et al. 1984) sug-
gests that there is no tonic activation of Hj receptors
modulating the release of SS by histamine. Although
administration of cimetidine plus dimaprit appears to
increase SSLI levels in the frontoparietal cortex, this dif-
ference is not statistically significant.

The functional significance of the present results has
yet to be established. Since SS and Hj-histaminergic
agonists have been shown to induce hypoactivity (Rezek
et al. 1977; White and Rumbold 1988) and to control
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nociception (Chrubasik et al. 1984; Bhattacharya and
Parmar 1985; Malmberg-Aiello et al. 1994) when admin-
istered ICV, our results suggest that histamine potenti-
ates somatostatinergic neurotransmission and thus may
control the sensitivity of target neurons to SS in the
cerebral cortex.

Although the implications of the present findings for
psychopharmacology are not well-known, several inves-
tigators have observed a decrease in histamine levels
(Mazurkiewicz-Kwilecki and Nsonwah 1989) and SS
content and receptors (Beal 1990) in the cerebral cortex
of patients with Alzheimer’s disease. As both neu-
rotransmitters modulate locomotor activity (Rezek et al.
1977; White and Rumbold 1988) and learning and mem-
ory (De Noble et al. 1980; Vécsei et al. 1983; Kamei et al.
1993) and this neurodegenerative disease is character-
ized by cognitive and motor deficits, the regulation of
the somatostatinergic system by the Hj-histaminergic
system may be important in understanding the patho-
physiology of this disease.
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