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Abstract

The present study investigated the interaction between histamine and opioid systems on water intake in adult male rats.
Intracerebroventricular (i.c.v.) injections were carried out in all experiments. Water intake was measured 1 h after drug injections.
Administration of histamine (40—80 pg/rat) and naloxone (0.5—1 pg/rat) increased, while morphine (2.5 pg/rat), pyrilamine (25—50 pg/rat),
the histamine H; receptor antagonist, and ranitidine (10—20 pg/rat), the histamine H, receptor antagonist, decreased water intake in isolated
rats. Blockade of histamine H; and H, receptors attenuated the histamine-induced response. Pyrilamine, but not ranitidine, increased the
inhibitory effect induced by morphine. Also, pharmacological blockade of histamine H; and H, receptors decreased the naloxone-induced
effect on water intake. It is concluded that the histaminergic system may have a close interaction with morphine and naloxone on drinking

behavior.
© 2003 Elsevier B.V. All rights reserved.
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1. Introduction

Histamine can be found in a restricted population of
neurons originating from the tuberomammillary nucleus and
projecting diffusely to several brain areas. The three sub-
types of histamine receptors (H;, H,, H3) are distributed in
almost all parts of the brain of mammalian species
(Schwartz et al., 1991; Wada et al., 1991). Central hista-
minergic neurons have been implicated in many physiolog-
ical processes, such as circadian rhythms, thermoregulation,
learning and memory and cardiovascular and neuroendo-
crine regulation (Onodera et al., 1994; Schwartz et al., 1991;
Wada et al., 1991).

Several lines of evidence also suggest that neuronal
histamine may be involved in the control of water intake
(Onodera et al., 1994; Schwartz et al., 1991). Histamine is a
potent dipsogen when injected into the anterior, lateral,
preoptic or anterior—lateral hypothalamus (Leibowitz,
1973). Inhibition of histamine catabolism with metoprine
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increases water intake and induces diuresis (Lecklin and
Tuomisto, 1995). It has been suggested that peripheral
mechanisms may also be involved in the dipsogenic effect
of histamine, because the amine elicits drinking even after
its systemic administration (Clapham and Kilpatrick, 1993;
Houpt et al., 1986; Kraly and Arias, 1990; Specht and
Spear, 1989). However, a decreased tone in the endogenous
histaminergic system after a-fluoromethylhistidine (o-
FMH) administration does not cause any change in water
intake (Ookuma et al., 1989; Orthon-Gambill and Salamon,
1992; Tuomisto et al., 1994); therefore, it is unclear whether
endogenous histamine is involved in the regulation of water
balance. Furthermore, in addition to its well-documented
modulation of food intake, the endogenous opioid system
also plays a role in water intake (Cooper et al., 1988; Levine
et al., 1985).

To study the roles of postsynaptic histamine H; and H,
receptors and their interactions with the opioid system in the
regulation of water intake, the present experiment compared
the effects of i.c.v.-administered histamine, histamine H;
and H, receptor antagonists alone or in combination with
opioid agents on water intake in rats.
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2. Materials and methods
2.1. Animals

Male Wistar rats weighing 200-250 g were housed
individually in cages at 22—24 °C under a 12-h light/12-
h dark cycle and with a relative air humidity of 40—60%.
Rats had continuous access to food and tap water through a
stainless steel spout attached to a glass-graduated cylinder
mounted on the wall of the cage. All experiments were
performed in accordance with institutional guidelines for
animal use.

2.2. Cannula guide implantation

For central administration of drugs, the rats were
implanted with a 21-gauge (0.8 mm) stainless steel guide
cannula aimed at the lateral ventricle (David Kopf Instru-
ments, USA). Implantation was done under ketamine-xyli-
zine (100 mg/kg ketamine-5 mg/kg xylizine) anesthesia
using stereotaxic coordinates taken from the atlas of Paxinos
and Watson (1986), and was performed at least 5—7 days
before testing. The coordinates used were 0.8 mm posterior
to bregma, 1.6 mm lateral to the midline and 3.4 mm below
the top of the skull. The cannula was fixed to the skull using
one screw and dental acrylic. A stylet was inserted into the
cannula to keep it patent prior to injections.

2.3. Intracerebroventricular (i.c.v.) injections

The rats were gently restrained by hand, the stylet was
withdrawn from the guide cannula and a 27-gauge injection
needle (0.5 mm beyond the tip of the implanted guide
cannula) was inserted. The injection needle was attached
to a 5-ul Hamilton syringe by a polyethylene tube. The
injection solutions were administered in a total volume of 2
ul. The injection needle was retained in the guide cannula
for an additional 30 s after injection to facilitate diffusion of
the drugs.

2.4. Drugs

The drugs included histamine dihydrochloride (Merck,
Germany), pyrilamine maleate, the histamine H; receptor
antagonist (Sigma, Poole, UK), ranitidine, the histamine H,
receptor antagonist (Roemmers, Argentina), morphine sul-
phate, the opioid receptor agonist (Temad, Iran), and nal-
oxone dihydrochloride, the opioid receptor antagonist
(Akzonobel, Netherlands). All the drugs were dissolved in
saline. The drugs were used (i.c.v.) in a volume of 2 pl/rat.

2.5. Experimental procedure
The experiments were performed in conscious freely

moving isolated rats 5—7 days after brain surgery. All rats
were deprived of water for 24 h before each test day. After

24 h of water deprivation, the drugs were injected (i.c.v.)
and the water bottles were returned to the cages. All rats
received two injections: either a control saline injection
followed 20 min later by injection of a drug, or drug
injection followed 20 min later by another to determine
the effect of first drug on the response to the second. In the
control group, saline was injected 20 min before a second
administration of saline. Immediately after drug adminis-
tration, water intake was recorded for 1 h by reading from
the graduated glass cylinder mounted on the wall of the
cages.

2.6. Data analysis

Overall treatment effects of the experiments were exam-
ined using a repeated-measures two-way analysis of vari-
ance (ANOVA) and post hoc comparisons. The criterion for
statistical significance was P<0.05.

2.7. Histology

Immediately after the water intake test, all rats were
given 2 pl of methylene blue in a lateral ventricle, anesthe-
tized with a high dose of ether and perfused transcardically
with a phosphate-buffered saline solution (pH=7.4). The
brains were removed and placed in formaldehyde (4%).
After 3 days, the brains were sliced into 60-um-thin slices.
Data from rats with incorrect placement were excluded from
the analysis.

3. Results

Fig. 1 shows the effect of histamine alone or in combi-
nation with pyrilamine and ranitidine on water intake. Two-
way ANOVA indicated that histamine (80 pg/rat) interacted
with pyrilamine (25 and 50 pg/rat) and ranitidine (10 and 20
ng/rat) [pyrilamine, F(2,42)=18.0, P<0.0001; histamine,
F(1,42)=29.28, P<0.0001; pyrilamine X histamine,
F(2,42)=3.24, P<0.05 and ranitidine, F(2,42)=25.06, P<
0.0001; histamine, F(1,42)=40.44, P<0.0001; ranitidine X
histamine, F(2,42)=3.66, P<0.05]. Further analysis showed
that injection of pyrilamine or ranitidine decreased water
intake, while histamine increased this response. Blockade of
both histamine H; and H, receptors attenuated the histamine-
induced response.

Fig. 2 shows the effect of morphine alone or in combi-
nation with histamine on water intake. Two-way ANOVA
indicated that the different doses of histamine (40 and 80 ng/
rat) interacted with morphine (2.5 pg/rat) [histamine,
F(2,42)=6.39, P<0.01; morphine, F(1,42)=37.79, P<
0.0001; histamine X morphine, F(2,42)=10.56, P<0.001].
Further analysis showed that histamine increased, while
morphine decreased, water intake. Histamine (40 pg/rat)
increased the inhibitory effect of morphine on water
consumption.
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Fig. 1. Effect of pyrilamine (A) or ranitidine (B) in the presence or absence
of histamine on water intake. Rats were injected (i.c.v.) either with saline
(2 pg/rat) or different doses of pyrilamine (25 and 50 pg/rat) or ranitidine
(10 and 20 pg/rat). Histamine (80 pg/rat) was administered 15 min after
injections of pyrilamine or ranitidine, and water intake was measured for 1 h.
Each column represents the mean + S.E.M. for eight rats. *P<0.05,
*¥*%P<0.001 different from saline group. ++P<0.01, +++<0.001 differ-
ent from histamine control group.

Fig. 3 shows the effect of morphine alone or in combi-
nation with pyrilamine and ranitidine on water intake. Two-
way ANOVA indicated that morphine (2.5 pg/rat) interacted
with pyrilamine (25 and 50 pg/rat) and ranitidine (10 and 20
pg/rat) [pyrilamine, F(2,42)=0.32, P>0.05; morphine,
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Fig. 2. Effect of histamine in the presence or absence of morphine on water
intake. Rats were injected (i.c.v.) with either saline (2 pg/rat) or different
doses of histamine (40 and 80 pg/rat). Morphine (2.5 pg/rat) was
administered 15 min after injection of histamine, and water intake was
measured for 1 h. Each column represents the mean + S.E.M. for eight rats.
*P<0.05, **P<0.01 different from saline group. ++P<0.01 different
from morphine control group.
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Fig. 3. Effect of pyrilamine (A) or ranitidine (B) in the presence or absence
of morphine on water intake. Rats were injected (i.c.v.) with either saline
(2 pg/rat) or different doses of pyrilamine (25 and 50 pg/rat) or ranitidine
(10 and 20 pg/rat). Morphine (2.5 pg/rat) was administered 15 min after
injection of pyrilamine or ranitidine, and water intake was measured for
1 h. Each column represents the mean + S.E.M. for eight rats. *P<0.05,
**P<0.01, ¥***P<0.001 different from saline group. ++P<0.01 different
from morphine control group.

F(1,42)=2.11, P>0.05; pyrilamine X morphine, F(2,42)=
10.5, P<0.001 and ranitidine, F(2,42)=5.38, P<0.01; mor-
phine, F(1,42)=16.32, P<0.001; ranitidine X morphine,
F(2,42)=4.14, P<0.05]. Further analysis showed that in-
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Fig. 4. Effect of naloxone in the presence or absence of histamine on water
intake. Rats were injected (i.c.v.) with either saline (2 pg/rat) or different
doses of naloxone (0.5 and 1 pg/rat). Histamine (80 upg/rat) was
administered 15 min after injection of naloxone and water intake was
measured for 1 h. Each column represents the mean + S.E.M. for eight rats.
**p<0.01, ***P<0.001 different from saline group. ++P<0.01,
+++P<0.001 different from histamine control group.
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jection of pyrilamine, ranitidine and morphine decreased
water intake. Blockade of histamine H; receptors attenuated
the morphine-induced response, while ranitidine did not
change the morphine-induced inhibitory response.

Fig. 4 shows the effect of histamine alone or in combina-
tion with naloxone on water intake. Two-way ANOVA in-
dicated that the different doses of naloxone (0.5 and 1 pg/rat)
interacted with histamine (80 pg/rat) [naloxone, F(2,42)=
4.98, P<0.05; histamine, F(1,42)=4.29, P<0.05; nalox-
one X histamine, F(2,42)=28.44, P<0.001]. Further analy-
sis showed that histamine and naloxone increased water
intake. Blockade of opioid receptors by naloxone decreased
the histamine-induced response.

Fig. 5 shows the effect of naloxone alone or in combi-
nation with pyrilamine and ranitidine on water intake. Two-
way ANOVA indicated that naloxone (1 pg/rat) interacted
with pyrilamine (25 and 50 pg/rat) and ranitidine (10 and 20
pg/rat) [pyrilamine, F(2,42)=15.03, P<0.0001; naloxone,
F(1,42)=7.4, P<0.01; pyrilamine X naloxone, F(2,42)=
0.97, P>0.05 and ranitidine, F(2,42)=12.8, P<0.0001; nal-
oxone, F(1,42)=53.69, P<0.0001; ranitidine X naloxone,
F(2,42)=3.32, P<0.05]. Further analysis showed that pyril-
amine and ranitidine decreased, while naloxone increased,
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Fig. 5. Effect of pyrilamine (A) or ranitidine (B) in the presence or absence
of naloxone on water intake. Rats were injected (i.c.v.) with either saline (2
ng/rat) or different doses of pyrilamine (25 and 50 pg/rat) or ranitidine (10
and 20 pg/rat). Naloxone (1 pg/rat) was administered 15 min after injection
of pyrilamine or ranitidine, and water intake was measured for 1 h. Each
column represents the mean = S.E.M. for eight rats. *P<0.05,
*¥**%P<0.001 different from saline group. +P<0.05, +++P<0.001
different from naloxone control group.

water intake. Blockade of histamine H; receptors by pyril-
amine (25 and 50 pg/rat) and ranitidine (10 pg/rat) decreased
the naloxone-induced response.

4. Discussion

Our results show that i.c.v. administration of histamine
increased water intake in isolated rats, while pharmacolog-
ical blockade of histamine H; and H, receptors by pyril-
amine or ranitidine, respectively, decreased this response.
Blockade of histamine H; and H, receptors inhibited the
histamine-induced response. The results show that both
histamine H; and H, receptors are involved in water intake.
It has been reported that elevation of the neuronal histamine
level, by inhibition of the catabolism of histamine by
metoprine, increases water intake and induces diuresis
(Lecklin and Tuomisto, 1995), and that systemically admin-
istered H; and H, receptor blockers antagonize metoprine-
induced changes in water intake (Lecklin and Tuomisto,
1998). Previously, it has been shown that histamine H; and
H, receptor antagonists attenuate the drinking response to
subcutaneous histamine in rats (Kraly and Arias, 1990;
Specht and Spear, 1989). Furthermore, cimetidine, the
histamine H, receptor antagonist, alone was able to inhibit
the increase in water intake seen after histamine treatment
(Houpt et al., 1986). Also, large doses of histamine admin-
istered peripherally may elicit drinking and possibly induce
changes in urine flow indirectly by producing vasodilation
and hypotension, and typically the effects of histamine on
the vascular bed can be completely blocked only by a
combination of H; and H, blockers (Lecklin and Tuomisto,
1998). In contrast to the present results, it has been reported
that histamine acts within the central nervous system to
decrease food intake, while having no direct effect on water
intake (Meade and Denbow, 2001). There is much evidence
that i.c.v. injection of histamine suppresses feeding (food
and water intake) in cats, rats and goats (Machidori et al.,
1992; Tuomisto and Eriksson, 1979). Furthermore, it has
been reported that histamine after its infusion into the rat
third ventricle does not increase water intake (Kraly and
Arias, 1990).

In several animal species, central administration of his-
tamine causes an antidiuretic response (Bennet and Pert,
1974; Bhargava et al., 1973), which results from increased
vasopressin secretion (Tuomisto et al., 1980, 1984). There-
fore, it has been suggested that hypothalamic histamine
plays a role in the regulation of vasopressin secretion in
response to dehydration. The effects of antagonists indicated
that this action is mediated by both histamine H; and H,
receptors (Kjaer et al., 1994).

Results showed that i.c.v. injection of morphine de-
creased, while that of naloxone increased, water intake in
isolated rats. In addition to its well-documented modulation
of food intake (Cooper et al., 1988; Levine et al., 1985;
Morley et al., 1983), the endogenous opioid system also
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plays a role in water intake (Yu and Bodnar, 1997). Many
reports suggested that centrally administered opioid-selec-
tive agonists inhibit drinking in rats (Spencer et al., 1986).
The role of opioids in the regulation of drinking has been
correlated with the release of antidiuretic hormone. Mor-
phine could conserve water by stimulating the release of
antidiuretic hormone, which regulates water balance in the
rat (Spencer et al., 1986; Vaswani et al., 1983). The effects
of opioid peptides on the drinking behavior have been
shown to be inconsistent, both inhibitory and stimulatory
(Czech et al., 1984; Spencer et al., 1986; Sanger, 1981).

In the present experiment, the interaction between his-
taminergic and opioid systems on water intake was studied.
The results show that the histamine H; receptor antagonist
pyrilamine may interact with morphine or naloxone-in-
duced water intake. Pyrilamine attenuated the inhibitory
effect induced by morphine. Also, pretreatment with pyril-
amine and ranitidine decreased the naloxone-induced re-
sponse. However, blockade of opioid receptors by naloxone
reduced the stimulatory effect induced by histamine. The
results indicated that histamine and opioid systems possibly
interact, which is supported by reports showing that other
behaviors induced by morphine result in increase histamine
release in the rat central gray (Brake and Hough, 1992),
and that opioids enhance the brain turnover of histamine,
an effect that can be blocked by naloxone (Itoh et al.,
1988). It should also be considered that histamine H,
receptor antagonists block morphine-induced locomotor
hyperactivity in mice (Mickley, 1986). It has been reported
that histamine potentiates morphine-induced learning be-
havior and that histamine receptor antagonists reduce
morphine response in the passive avoidance task (Zarrin-
dast et al., 2002). Moreover, several histamine H; receptor
antagonists have been shown to have potentiating effects
when administered together (Wauquier and Niemegeers,
1981; Zimmermann et al., 1997) and in combination with
other opioids and even tend to augment the pleasurable
effects of the latter (Shannon and Su, 1982; Suzuki et al.,
1995).
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