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NARUSE, T. AND R. ISHII. Relationship between histamine receptors in the brain and diazepam-induced hyperphagia in
rats. PHARMACOL BIOCHEM BEHAV 51(4) 923-927, 1995.— We investigated whether histaminergic neurons in the
brain are involved in diazepam-induced hyperphagia in rats. Pretreatment with intracerebroventricular (ICV) injection of
either histamine H;-receptor antagonist, pyrilamine (10 and 30 ug) or histamine H,-receptor antagonist, famotidine (3 and 10
ug) did not affect only diazepam (1 mg/kg, subcutaneous, SC)-induced hyperphagia in nondeprived rats, but also spontaneous
feeding in food-deprived rats. In addition, pretreatment with ICV injection of histamine H,-receptor antagonist, thiopera-
mide, and histamine H;-receptor agonist, (R) alpha methythistamine, enhanced and inhibited diazepam-induced hyperphagia
(1 mg/kg, SC) in nondeprived rats, respectively. However, thioperamide and (R) alpha methylhistamine did not affect
spontaneous feeding in food-deprived rats. These findings suggest that histaminergic neurons are not directly involved in
diazepam-induced hyperphagia in rats. Furthermore, enhancement or inhibition of diazepam-induced hyperphagia by hista-
mine H;-receptor antagonist or agonist may occur via histamine H,-receptors localized in the other neurons in the rat brain.
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IT IS well known that benzodiazepines produce hyperphagia.
Some evidence suggest that hyperphagia induced by benzodi-
azepines is mediated by gamma-aminobutylic acid (GABA)
(3,10) and endogenous opioids (4,6,10,20). However, the pre-
cise neuronal mechanisms underlying benzodiazepines-in-
duced hyperphagia are not fully understood.

Since Clineschmidt and Lotti (5) reported that histamine
plays, at least partly, a suppressive role in feeding behavior in
cats, the neuronal role of histamine on feeding behavior has
been increasingly focused. Recently, Ookuma et al. (13) and
Sakata et al. (16,17) reported that histamine H,-receptor an-
tagonists infused into the third ventricle elicited feeding be-
havior in rats. Furthermore, Sakata et al. (18) also demon-
strated that neuronal histamine plays a suppressive role in
feeding behavior. On the other hand, Oishi et al. (12) reported
that a benzodiazepine, diazepam, inhibits histamine turnover
rate. Taken together, there is a possibility that diazepam-
induced hyperphagia is due to the inhibitory effect on hista-
minergic neurons by diazepam. However, there are few re-
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ports studying the relationship between diazepam-induced
hyperphagia and histaminergic neurons. Thus, we are tempted
to speculate whether histaminergic neurons are involved in
diazepam-induced hyperphagia.

First, the present study is carried out to clarify which sub-
types of histamine H;- or H,-receptors are involved in diaze-
pam-induced hyperphagia if histaminergic neurons are in-
volved in the hyperphagia. Thus, we used pyrilamine (8) and
famotidine (15) as histamine H,- and H,- receptor antagonists,
respectively. Second, to determine the effects of neuronal his-
tamine on this hyperphagia, we also used thioperamide and
(R) alpha methylhistamine (7) as a histamine H-receptor an-
tagonist and agonist, respectively. We previously confirmed
that the significant hyperphagia induced by diazepam was ob-
served from over doses of 1 mg/kg (subcutaneous, SC) in
nondeprived rats (11). Therefore, in the present study, we
investigate the interaction with histamine H;-, H,-, and H,-
receptor antagonists or H;-receptor agonist and diazepam (1
mg/kg, SC)-induced hyperphagia.
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METHOD

Animals

Male Sprague-Dawley rats, weighing 320-380 g, were used
in this experiment. Animals were allowed free access to water
and food before the experiment, except where stated. The
animals were housed at a room temperature of 23 + 2°C with
humidity at 55 + 10% on a 12 L: 12 D cycle (lights on at
0600 h). To prepare intracerebroventricular (ICV) injection,
under pentobarbital (40 mg/kg, IP) anesthesia, a stainless
guide cannula (21 gauge) was implanted into the lateral ventri-
cle (A: —1.0, L: 0.9, H: 2.0 mm from bregma) in each rat
according to the rat brain in stereotaxic coordinates (14).
After 1 week, each rat was used in the experiment. All experi-
ments were performed between 1000 and 1500 h.

Drugs

Diazepam (Dott Bonapace and Co., Italy), pyrilamine ma-
leate (Sigma, St. Louis, MO), famotidine (Gaster Injection,
Yamanouchi, Japan), thioperamide maleate and (R) alpha
methylhistamine dihydrochloride (Research Biochemicals In-
ternational, USA) were used in this experiment. Diazepam
was dissolved in propylene glycol: ethanol : distilled water
(4:1:5, v/v)solution. Pyrilamine, famotidine, thioperamide,
and (R) alpha methylhistamine were dissolved in 0.9% saline
solution. Diazepam was administered SC in a volume of 1
ml/kg. Pyrilamine, famotidine, thioperamide, and (R) alpha
methylhistamine were injected ICV in a volume of 10 ul/rat.
Doses of all drugs are expressed as the free base.

METHODS

Effects of Pretreatment With Centrally Administered
Pyrilamine and Famotidine on Diazepam-Induced
Hyperphagia in Rats

To determine the involvement of histamine H,- and H,-
receptors in the brain in diazepam-induced hyperphagia, ef-
fects of centrally administered pyrilamine and famotidine on
diazepam-induced hyperphagia were determined in nonde-
prived rats. Pyrilamine (0, 10, and 30 ug, n = 8-12 for each
group) and famotidine (0, 3, and 10 ug, n = 8-10 for each
group) were injected ICV to each rat using a stainless injector
(25 gauge) 10 min prior to diazepam (1 mg/kg, SC) and vehicle
administration (1 mi/kg, SC). After diazepam administration,
a preweighed amount of food pellets was placed into the indi-
vidual cage. Food intake (g) was measured for 60 min and
calculated by weighing uneaten food and crumbs. During the
test, rats were allowed free access to water.

Effects of Pretreatment With Centrally Administered
Thioperamide or (R) Alpha Methylhistamine on
Diazepam-Induced Hyperphagia in Rats

To determine the effects of increased or decreased neuronal
histamine in the brain, thioperamide, or (R) alpha methylhis-
tamine at doses of 0, 2, 10, and 50 ug were injected ICV to
each rat using a stainless injector (25 gauge) 10 min prior to
diazepam (1 mg/kg, SC) and vehicle administration (1 ml/kg,
SC, n = 6to 15 for each group). After diazepam administra-
tion, food intake was measured for 60 min as described above.

Effects of Pretreatment with Centrally Administered
Pyrilamine, Famotidine, Thioperamide, and (R) Alpha
Methylhistamine on Spontaneous Feeding in
Food-Deprived Rats

To determine the effects of both histamine H;-, H,-, and
H,-receptor antaginists and H,-receptor agonist on spontane-
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ous feeding, rats deprived of food for 24 h with free access to
water were used. All rats were prepared the guide cannula for
ICV injection as stated above. After ICV injection of pyril-
amine (10 and 30 pg, n = 6 for each group) and famotidine
(3 and 10 ug, n = 6 for each group), thioperamide (2, 10, and
50 ug, n = 8 for each group) and (R) alpha methylhistamine
(2, 10 and 50 ug, n = 6 for each group), food intake was
measured for 60 min as described above. Two control groups
ICV injected with saline (10 ul/rat, n = 10 and n = 14 for
each group) were prepared for both pyrilamine and famoti-
dine or both thioperamide and (R) alpha methylhistamine,
respectively.

Statistical Analysis

Differences between the groups were determined by analy-
sis of variance followed by Ryan multiple range test. Differ-
ences with p-value less than 0.05 were considered significant.
Results are shown as the mean + SE.

RESULTS

Effects of Pretreatment With Centrally Administered
Pyrilamine and Famotidine on Diazepam-Induced
Hyperphagia in Rats

Results are shown in Figs. 1 and 2. Analysis of variance
indicated significant effects on food intake following treat-
ments [F(5, 55) = 8.42, p < 0.05, for pyrilamine + diaze-
pam, F(5, 50) = 7.58, p < 0.05, for famotidine + diaze-
pam]. Multiple range test (Ryan test) indicated that food
intake was increased significantly (p < 0.05) following diaze-
pam (1 mg/kg, SC) administration. However, pretreatment
with pyrilamine (10 and 30 ug, ICV) and famotidine (3 and 10
ug, ICV) did not affect diazepam-induced hyperphagia. In
addition, both pyrilamine (10 and 30 ug, ICV) and famotidine
(3 and 10 pg, ICV) did not affect spontaneous feeding behav-
ior following vehicle administration.
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FIG. 1. Effects of centrally administered pyrilamine on diazepam-
induced hyperphagia in nondeprived rats. Pyrilamine was adminis-
tered intraventricularly 10 min prior to diazepam (1 mg/kg, SC) and
vehicle administration. Following diazepam administration, food in-
take was measured for 60 min. Parentheses indicate number of rats
used in the experiment. Each column and each vertical bar represent
mean + SE. *Significantly different from control, p < 0.05.
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FIG. 2. Effects of centrally administered famotidine on diazepam-
induced hyperphagia in nondeprived rats. Famotidine was adminis-
tered intraventricularly 10 min prior to diazepam (1 mg/kg, SC) and
vehicle administration. Following diazepam administration, food in-
take was measured for 60 min. Parentheses indicate number of rats
used in the experiment. Each column and each vertical bar represent
mean + SE. *Significantly different from control, p < 0.05.

Effects of Pretreatment With Centrally Administered
Thioperamide or (R) Alpha Methylhistamine on
Diazepam-Induced Hyperphagia in Rats

Results are shown in Figs. 3 and 4. Analysis of variance
indicated significant effects in food intake following treat-
ments [F(13, 100) = 8.55, p < 0.05, for thioperamide and
(R) alpha methythistamine + diazepam]. Multiple range test
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FIG. 3. Effect of centrally administered thioperamide on diazepam-
induced hyperphagia in nondeprived rats. Thioperamide was adminis-
tered intraventricularly 10 min prior to diazepam (1 mg/kg, SC) and
vehicle administration. Following diazepam administration, food in-
take was measured for 60 min. Parentheses indicate number of rats
used in the experiment. Each column and each vertical bar represent
mean + SE. *Significantly different from control, p < 0.05. #Signif-
icantly different from the group treated with vehicle and diazepam, p
< 0.05.
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FIG. 4. Effects of centrally administered (R) alpha methylhistamine
on diazepam-induced hyperphagia in nondeprived rats. (R) alpha
methylhistamine was administered intraventricularly 10 min prior to
diazepam (1 mg/kg, SC) and vehicle administration. Following diaze-
pam administration, food intake was measured for 60 min. Parenthe-
ses indicate number of rats used in the experiment. Each colum and
each vertical bar represent mean + SE. *Significantly different from
control, p < 0.05. #Significantly different from the group treated
with vehicle and diazepam, p < 0.05.

(Ryan test) indicated that food intake was increased signifi-
cantly (p < 0.05) following diazepam (1 mg/kg, SC) adminis-
tration. Furthermore, pretreatment with thioperamide (10 ug,
ICV) enhanced significantly (p < 0.05) diazepam-induced hy-
perphagia (Fig. 3). On the other hand, pretreatment with (R)
alpha methylhistamine (50 pg, ICV) inhibited significantly
(p < 0.05) diazepam-induced hyperphagia. In addition, both
thioperamide (2 to 50 ug, ICV) and (R) alpha methylhistamine
(2 to 50 ug, ICV) did not affect spontaneous feeding behavior
following vehicle administration.

Effect of Pretreatment With Centrally Administered
Pyrilamine, Famotidine, Thioperamide, and (R) Alpha
Methylhistamine on Spontaneous Feeding in Food- Deprived
Rats

Results are shown in Tables 1 and 2, Analysis of variance
indicated no significant effects in food intake following treat-

TABLE 1

EFFECT OF CENTRALLY ADMINISTERED
PYRILAMINE OR FAMOTIDINE ON SPONTANEOUS
FEEDING BEHAVIOR IN FOOD-DEPRIVED RATS

Doses Food intake (g)

Treatment (18) No. of Rats Mean + SE
Vehicle 0 10 5.14 + 0.47
Pyrilamine 10 6 5.65 + 0.35
30 6 4.75 + 0.71

Famotidine 3 6 592 + 0.43
10 6 6.57 + 1.39

Pyrilamine or famotidine was administered intra-
cerebroventricularly (ICV) in rats food deprived for 24 h
with free access to water. Following ICV injection, all
rats were given food. Food intake was measured for 60
min.
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ments [F(4, 29) = 0.89, NS, for pyrilamine and famotidine,
F(6, 49) = 1.94, NS, for thioperamide and (R) alpha methyl-
histamine]. Thus, pyrilamine (10 and 30 ug), famotidine (3
and 10 ug), thioperamide (2, 10, and 50 ug), and (R) alpha
methylhistamine (2, 10, and 50 ug) did not affect spontaneous
feeding in food-deprived rats.

DISCUSSION

Although we estimate in the present study that diazepam-
induced hyperphagia is due to the inhibitory effect on hista-
minergic neurons by diazepam based on the report by Oishi et
al. (12), diazepam-induced hyperphagia was neither potenti-
ated nor inhibited by centrally administered pyrilamine or fa-
motidine. Assuming that decrease of histamine turnover rate
by diazepam is related to diazepam-induced hyperphagia, this
hyperphagia could be enhanced by these antagonists. Further-
more, Garbarg et al. (7) have reported that blockade of hista-
mine H;- and H,-receptors does not result in any significant
changes in histamine turnover. Therefore, our results suggest
that histaminergic neurons are not directly involved in diaze-
pam-induced hyperphagia.

Interestingly, centrally administered thioperamide (10 pg)
and (R) alpha methylhistamine (50 pg) enhanced and inhibited
diazepam-induced hyperphagia, respectively. Furthermore, it
should be noted that, centrally administered, these drugs did
not affect spontaneous feeding in food-deprived rats, suggest-
ing that diazepam-induced hyperphagia is specifically affected
by a histamine Hj-receptor antagonist or agonist. Arrang et
al. (1) reported that histamine H;-receptors control not only
the release but also synthesis of histamine at the level of nerve
endings as autoreceptors, implying that thioperamide in-
creases histamine release from nerve endings and (R) alpha
methylhistamine decreases neuronal histamine release. Con-
sidering the findings of Arrang et al. (1), our data are contrary
to the reports indicating the suppressive role of histamine in
feeding (5,18). Although we did not measure neuronal hista-
mine levels following ICV injection of thioperamide or (R)
alpha methylhistamine, there is a possibility that neuronal his-
tamine levels did not change following ICV injection of these
drugs. Otherwise, changes of neuronal histamine levels may
not be related to enhancement or inhibition of diazepam-
induced hyperphagia according to our results, indicating that
diazepam-induced hyperphagia was not affected by centrally
administered pyrilamine and famotidine. Therefore, other
neuronal mechanisms on diazepam-induced hyperphagia by
both thioperamide and (R) alpha methylhistamine should be
controversial.

With regard to this issue, Arrang et al. (2) also reported
that histamine Hj-receptors were extensively found in the
brain, such as the cerebral cortex, hypothalamus, striatum,
hippocampus, lateral septum, and olfactory nuclei. Therefore,
histamine H;-receptors would exist presynaptically in the
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TABLE 2

EFFECT OF CENTRALLY ADMIMISTERED THIOPERAMIDE
OR ALPHA METHYLHISTAMINE ON SPONTANEOUS FEEDING
IN FOOD-DEPRIVED RATS

Doses Food intake (g)

Treatment (ug) No. of Rats Mean + SE
Vehicle 14 6.63 + 0.39
Thioperamide 2 8 5.83 + 0.66
10 8 7.10 = 0.43

50 8 5.20 + 0.50

(R) Alpha methylhistamine 2 6 7.50 + 0.50
10 6 6.87 + 0.92

50 6 6.08 = 0.51

Thioperamide or (R) alpha methylhistamine administered intra-
cerebroventricularly (ICV) in rats food deprived for 24 h with free
access to water. Following ICV injection, all rats were given food.
Food intake was measured for 60 min.

other neurons. In fact, Schlicker et al. (19) reported that the
stimulation of histamine H;-receptors reduces release of sero-
tonin in the rat barin. According to the findings of Schlicker
et al. (19), it is reasonable to propose that other neurons af-
fected by histamine H,-receptor antagonist or agonist might
have influence do diazepam-induced hyperphagia. In the pres-
ent study, we could not clarify that the precise neurons can be
modulated by histamine Hj-receptors. However, because it
has demonstrated that serotonin can inhibit feeding (9), the
involvement of serotonergic neurons via histamine H,-
receptors as reported by Schlicker et al. (19) may be negligible.
As another plausible explanation, we recently reported that
dopamine D,- and D,-receptors are involved in diazepam-
induced hyperphagia, and that supersensitivity of dopaminer-
gic receptors enhanced this hyperphagia (11). Thus, if hista-
mine Hj-receptors could presynaptically exist in dopaminergic
neurons in the rat brain, both thioperamide and (R) alpha
methylhistamine could affect dopamine release (i.e., facili-
tation and inhibition of dopamine release) and result in en-
hancement and inhibition of diazepam-induced hyperphagia,
respectively. However, further studies will be required to clar-
ify the relationship between other neurons and diazepam-
induced hyperphagia affected by stimulation of histamine H;-
receptors.

In conclusion, our data suggest that histaminergic neurons
are not directly involved in diazepam-induced hyperphagia in
rats. Furthermore, enhancement or inhibition of diazepam-
induced hyperphagia by histamine H;-receptor antagonists or
agonists may occur via histamine H,-receptors localized in the
other neurons in rats.
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