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1 Carcinine (b-alanyl histamine) is an imidazole dipeptide. The present study was designed to
characterize the pharmacological effects of carcinine on histaminergic activity in the brain and on
certain neurobehavior.

2 Carcinine was highly selective for the histamine H3 receptor over H1 or H2 receptor (Ki

(mM)¼ 0.293970.2188 vs 3621.27583.9 or 365.37232.8 mM, respectively).

3 Carcinine at a dose of 20mg kg�1 slightly increased histidine decarboxylase (HDC) activity in the
cortex (from 0.18670.069 to 0.22770.009 pmol mg protein�1 min�1). In addition, carcinine (10, 20,
and 50mg kg�1) significantly decreased histamine levels in mice brain.

4 Like thioperamide, a histamine H3 receptor antagonist, carcinine (20, 50 mM) significantly
increased 5-HT release from mice cortex slices, but had no apparent effect on dopamine release.

5 Carcinine (20mg kg�1) significantly inhibited pentylenetetrazole-induced kindling. This inhibition
was completedly reversed by (R)-a-methylhistamine, a representative H3 receptor agonist, and
a-fluromethylhistidine, a selective HDC inhibitor.

6 Carcinine (20mg kg�1) ameliorated the learning deficit induced by scopolamine. This amelioration
was reversed by (R)-a-methylhistamine as evaluated by the passive avoidance test in mice.

7 Like thioperamide, carcinine dose-dependently increased mice locomotor activity in the open-field
test.

8 The results of this study provide first and direct evidence that carcinine, as a novel histamine H3

receptor antagonist, plays an important role in histaminergic neurons activation and might be useful
in the treatment of certain diseases, such as epilepsy, and locomotor or cognitive deficit.
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Introduction

It is well known that histamine acts as a neurotransmitter and

neuromodulator in the peripheral and central nervous systems

(Panula et al., 1984; Watanabe et al., 1984; Schwartz et al.,

1991). In the peripheral system, histamine plays an important

role in various allergies, such as asthma, rhinitis, and atopic

dermatitis (Hill, 1990). On the other hand, the histaminergic

neuron system seems to be involved in many physiological and

behavioral functions through H1, H2, and H3 receptors

including the sleep–wake cycle, emotion, appetite control,

locomotor activity, stress-related behavior, neuroendocrine

interactions, learning, and memory (Schwartz et al., 1991;

Leurs et al., 1998; Brown et al., 2001). Histamine H3 receptor

antagonists, which are able to penetrate blood–brain barrier,

have been reported to be effective in the treatment of neuronal

diseases, such as cognitive deficit, attention deficit, hyper-

activity disorder, narcolepsy, and epilepsy (Stark et al., 1996;

Leurs et al., 1998; Tozer & Kalindjian, 2000).

Carcinine (b-alanyl histamine) is an imidazole dipeptide first

discovered in the crustacean Carcinus maenas (Arnould &

Frentz, 1975), and has subsequently been found in the hearts

of several mammalian species (Brotman et al. 1989; 1990). It

has been demonstrated that carcinine is metabolically related

to histamine, histidine, and carnosine (b-alanyl histidine), and

could be synthesized from histamine and b-alanine (Flanc-

baum et al., 1990). In addition, previous studies have shown

that carcinine contains an imidazole group with flexible

ethylene side chain known to be important for histamine H3

receptor–ligand interactions (Ali et al., 1999; Tedford et al.,

1999; Yates et al., 1999; Tozer & Kalindjian, 2000). From these

findings, it seems that a certain relationship exists between

brain histamine and carcinine, and that carcinine might be a

new histamine H3 receptor antagonist. However, only few
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reports have explored this relationship and little is known

about the pharmacological and physiological role of carcinine.

In one of those reports, carcinine was shown to act as a natural

antioxidant (Babizhayev et al., 1994) and to play a role

in regulating stress and shock with a 1000-fold less potent

hypotensive effect than histamine (Arnould & Frentz, 1977;

Brotman et al., 1990), suggesting that carcinine might have

therapeutic use.

The objective of this study was to investigate the possible

pharmacological effects of carcinine on brain histamine and

on certain physiological and behavioral functions, such as

locomotor activity, passive avoidance response, and kindling-

induced seizure.

Methods

Animals

Animals were housed in individual cages in an air-conditioned

room with controlled temperature (23731C) and humidity

(50720%) under a 12 h light–dark cycle (lights on from 06:00–

18:00). Water and food were available ad libitum. Behavioral

experiments were carried out each day between 10:00–18:00.

All experiments were carried out in accordance with the

National Institutes of Health Guide for the Care and Use of

Laboratory Animals.

Chemical kindling

ICR mice were intraperitoneally administered with pentylene-

tetrazole (PTZ, 60mg kg�1). After PTZ injection, seizure

intensity was measured for 30 min using the following scale:

Stage 0, no response; Stage 1, myoclonic body jerks; Stage 2,

clonic forelimb convulsions; Stage 3, generalized clonic

convulsions or generalized clonic–tonic convulsions; and Stage

4, death within 30 min. The onset and duration of each seizure

were also recorded (Chen et al., 2002; 2003).

Locomotor activity

Mice locomotor activity in an open field was measured using

a photo-beam system (BTA-1s, Muromachi-Kikai, Tokyo,

Japan). Values of distance of ambulation were accumulated in

9 min bins and logged onto a personal computer.

Step-through passive avoidance test

Mice learning ability was evaluated using a step-through

passive avoidance memory test (Meguro et al., 1995; Moli-

nengo et al., 1999; Chen & Shen, 2002). The training apparatus

was a box composed of a small lighted compartment

(15� 10� 10 cm3) and a large dark compartment

(18� 12� 10 cm3). The two compartments were separated by

a 10� 10 cm2 guillotine door. The light compartment was

made of clear Plexiglas, and was illuminated by a lamp (60 W)

from the outside. The dark compartment had a series of

stainless-steel rods (3 mm in diameter, 1 cm apart) through

which a constant electrical current was delivered. Mice were

first habituated to the box on 2 consecutive days. On the first

day, the mice were placed in the light compartment and

allowed to explore the box. The latency to enter the dark

compartment was recorded. As soon as mice entered the dark

compartment, the door was closed, and the mice were kept

inside for 15 s before being returned to their cages. On the

second training day, on entry into the dark compartment, mice

were given 0.5mA current for 5 s. In the test trial, the same

procedure was carried out except that the electric shock was

not given. The latency for mice to move into the dark

compartment was recorded up to a maximum time of 300 s.

Scopolamine (1mg kg�1) was injected 30min before the

acquisition trial, thioperamide or carcinine was given 30min

before scopolamine.

Binding assay for histamine H1, H2, and H3 receptors

Rat forebrain preparations were used for the binding assay of

histamine H1 and H3 receptors, and guinea-pig brain prepara-

tions were used for binding assay of histamine H2 receptor.

Rats and guinea-pigs were killed and their brains were

removed and dissected on ice. Rat forebrains were stored at

�801C until use. Guinea-pig brains were homogenized in a

Polytron (setting 5, 30 s) with 40 volumes of ice-cold Naþ–

Kþ–phosphate buffer (50mM, pH 7.5) and centrifuged twice

at 50,000� g for 20min. H1 and H3 receptors binding was

measured as previously described (Chang et al., 1979; Yanai

et al., 1994) using [3H]pyrilamine (4 nM) and [3H](R)-a-
methylhistamine (1.5 nM), respectively. H2 receptor binding

was measured as previously described (Foreman et al., 1985)

using [methyl-3H]tiotidine (1.65 nM).

Measurements of endogenous 5-HT and dopamine
releases from brain slices

Mice forebrain slices (450mm thickness) including the cerebral

cortex were obtained using a McIlwain tissue chopper and

incubated for 5 min at 41C with a physiological saline solution

(Yanai et al., 1998; Son et al., 2001). After washing with the

same physiological saline solution, tissue samples were

transferred to a superfusing chamber (0.5 ml capacity) and

superfused with the physiological salt solution (Kþ ¼ 2.2mM,

371C) at a rate of 80 mlmin�1 (peristaltic pump, Ismatec MV-

MS/CA). The physiological salt solution contained (mmol l�1):

NaCl 120, KCl 1, MgSO4 1.2, NaHCO3 27.5, D-glucose 10,

CaCl2 1.5, KH2PO4 1.2, and was gassed with O2/CO2 (95/5,

v v�1). The slices were first perfused with the saline solution

(Kþ ¼ 2.2 mM) for 60min and then stimulated (S1) for 30min

with a solution containing 31.2 mM Kþ (composition in mM:

NaCl 91, KCl 30, MgSO4 1.2, NaHCO3 27.5, D-glucose 10,

CaCl2 1.5, KH2PO4 1.2). After 45min reperfusion with the

physiological saline solution (Kþ ¼ 2.2 mM), brain slices were

again stimulated (S2) for 30 min with the solution containing

31.2mM Kþ , and finally superfused with the physiological

saline solution for 60 min. Drugs were added 22.5 min before

the second stimulation (S2) and were present throughout the

experiment.

The perfusion solution was collected with a fraction

collector at 5min intervals, and dopamine and 5-HT in it

were separated and detected using an HPLC system with an

electrochemical detector (Model ECD-100, Eikom Co., Kyoto,

Japan) at 301C and a reverse-phase analytical column (DS-

80TM, 4.6mm i.d. � 15 cm) (Yanai et al., 1998). The column

was eluted with a 0.1 M sodium acetate-citric acid buffer (pH

3.5) containing 15% methanol, 200 mg l�1 sodium l-octanesul-
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fonate, and 5 mg l�1 Na2-EDTA. The first and second Kþ -

evoked releases were denoted as S1 and S2, respectively.

Measurements of brain histamine content and histidine
decarboxylase (HDC) activity

Mouse brain was homogenized with 0.2 M perchloric solution

containing 100mM EDTA-2Na and centrifuged at 20,000� g
for 15min at 01C. The supernatant was adjusted to pH 3.0 by

adding 1 M sodium acetate. Histamine release was determined

fluorometrically with o-phthalaldehyde after separation on an

HPLC column as described previously (Yamatodani et al.,

1985).

HDC activity was measured as describe before (Yamakami

et al., 2000; Watanabe & Ohtsu, 2002). In short, mice brains

were homogenized in 10-fold volume of ice-cold HDC buffer

(0.1 M potassium phosphate buffer, pH¼ 6.8, 0.01 mM pyr-

idoxal-50-phosphate, 0.2mM dithiothreitol, 1% polyethylene-

glycol with average molecular weight of 300, 100mgml�1

phenylmethane sulfonylfluoride) using a Polytron homogeni-

zer (Kinematica, Lucerne, Switzerland). The homogenates

were centrifuged at 20,000� g for 30 min at 41C, and the

supernatant was dialyzed three times against HDC buffer at

41C overnight. The reaction was started by adding 0.5mM

L-histidine at 371C and the histamine produced during a 3 h

reaction was measured using HPLC.

Drugs

Carcinine, thioperamide, (R)-a-methylhistamine, scopolamine,

and PTZ were obtained from Sigma (St Louis, MO, U.S.A.).

a-Fluromethylhistidine was supplied by Dr Kollonitsch,

Merck Sharp and Dohme Research Laboratories (Rahway,

NJ, U.S.A.). All other chemicals were of reagent grade and

commercially available.

Statistical analysis

All data are expressed as the mean7s.d. One-way analysis

of variance with Dunnett’s comparison test was used for

calculating statistical significance. Statistical analysis between

two groups was carried out using Mann–Whitney’s U-test.

Statistical significance was evaluated using two-tailed test with

Po0.05.

Results

In vitro histamine receptors binding study

Ki values of histamine and carcinine for radioligand binding at

H1, H2, and H3 receptors in the membranes of rat forebrain

(H1 and H3 receptors) or guinea-pig brain (H2 receptor) are

shown in Table 1. As compared with histamine, carcinine

showed modest affinity for all three types of histamine

receptors. Among the three receptors, carcinine showed the

highest affinity for the histamine H3 receptor

(Ki¼ 0.293970.2188 mM). In contrast, carcinine exhibited

minimal affinity for histamine H1 and H2 receptors with Ki

values of 3621.27583.9 and 365.37232.8 mM, respectively.

Effects of carcinine on histamine content in the brain

Carcinine decreased histamine levels in the cortex in a dose-

dependent manner (Figure 1a). At a dose of 5mg kg�1,

carcinine slightly decrease histamine levels, although no

significant effect was observed. However, at doses of 10, 20,

and 50 mgkg�1, carcinine significantly decreased histamine

content in the cortex (Po0.05). At a dose of 20mg kg�1,

carcinine significantly decreased histamine contents both in the

cortex and midbrain (Figure 1b). As shown in Figure 1c,

carcinine (20mg kg�1) significantly decreased histamine levels

in the brain 30, 60, and 120 min after injection (Po0.05) with

maximum effect 60min after administration (44.6% (n¼ 10)

as compared with control).

Effects of carcinine on histamine HDC activity

HDC activity in normal mice brain was 0.1867
0.069pmolmgprotein�1 min�1. Carcinine at a dose of 5mgkg�1

produced no appreciable effect on HDC activity. However,

at doses of 10, 20, and 50 mgkg�1, carcinine slightly increased

HDC activity with maximum effect at a dose of 20mg kg�1

(0.22770.009 pmol mg protein�1 min�1, Figure 2).

Effects of carcinine on endogenous 5-HT and dopamine
release from slices of mice forebrain

While carcinine at a concentration of 2 mM produced no

apparent effect on endogenous 5-HT release from mice

forebrain slices, it significantly increased 5-HT release at

concentrations of 20 and 50mM (Po0.05) (Figure 3). On the

other hand, thioperamide showed a more potent effect than

carcinine on endogenous 5-HT release, in which it produced a

marked increase of 5-HT release at the low doses of 0.2 and

2mM (Po0.05). Both carcinine and thioperamide at all doses

showed no appreciable effect on Kþ -evoked release of

endogenous dopamine from mice brain slices.

Effects of carcinine on PTZ (60mg kg�1)-induced
kindling in mice

Thioperamide at doses of 10 and 20mg kg�1 significantly

decreased seizure stage (Po0.05) and prolonged the latency to

both myoclonic jerks and clonic generalized seizure induced by

PTZ (Figure 4). Similarly, carcinine inhibited PTZ-induced

seizure in mice in a dose-dependent manner. As shown in

Table 1 Ki values of histamine and carcinine for
radioligand binding at H1, H2, and H3 receptors in the
membranes of rat forebrain (H1and H3 receptors) or
guinea-pig brain (H2 receptor)

Receptors Histamine Carcinine

H1 82.578.9 3621.27583.9
H2 20.971.9 365.37232.8
H3 0.003170.0001 0.293970.2188

H1, H2, and H3 receptors binding was measured using
[3H]pyrilamine, [3H](R)-(a)-methylhistamine and [3H]tioti-
dine, respectively, as tracers. Each value (mM) is expressed
as mean7s.d.
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Figure 4, at doses of 2 and 10 mgkg�1 carcinine showed no

marked effect, while at 20 mgkg�1 it significantly attenuated

PTZ-induced seizure, extended the latency for myoclonic jerks

and clonic generalized seizure, and decreased seizure stage

(Po0.05).
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Histamine contents were measured 60min after injection of
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(c). Each value is expressed as the mean7s.d. of 12 rats. *Po0.05,
**Po0.01, statistical significance of difference between the control-
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Effects of (R)-a-methylhistamine and
a-fluromethylhistidine on the protective effect
of carcinine against PTZ-induced kindling in mice

As shown in Table 2, (R)-a-methylhistamine, a histamine H3

receptor agonist, significantly reversed the protective effect of

carcinine against PTZ-induced seizure. At a dose of 1 mg, (R)-

a-methylhistamine significantly increased seizure stage, and

slightly shortened the latency for myoclonic jerks and clonic

generalized seizure. In addition, at a dose of 2mg, (R)-a-
methylhistamine significantly inhibited all seizure types

(Po0.05). a-Fluromethylhistidine, a selective HDC inhibitor

given at doses of 10 and 20 mgkg�1, also significantly inhibited

the protective effect of carcinine against PTZ-induced seizure

(Po0.05).

Effects of carcinine on the learning deficit induced
by scopolamine (1mg kg�1) as evaluated by passive
avoidance test in mice

Behavioral testing in the passive avoidance test demonstrated

that initial training latencies in the carcinine- and control-

treated mice were equivalent (Table 3). In the 24 h retention

test, serious memory deficit was caused by pretraining

injection of scopolamine (1mg kg�1) (Po0.01). Thioperamide

(10mg kg�1) significantly ameliorated memory deficit induced

by scopolamine in the passive avoidance test (Po0.05).

Similarly, carcinine at a dose of 20mg kg�1 significantly

prolonged transfer latency of passive avoidance test

(Po0.05), although only a slight effect was obtained at a

dose of 10 mgkg�1. On the other hand, (R)-a-methylhistamine

Table 2 Effect of carcinine on PTZ-induced kindling in mice

Drug Dose Seizure stage Latency to myoclonic jerks (s) Latency to clonic generalized seizures (s)

PTZ+saline F 3.270.4 66.9710.7 266.97234.7

PTZ+carcinine 20mgkg�1, i.p. 2.270.8* 155.4792.3** 838.47433.9**

PTZ+carcinine+ 20mgkg�1, i.p.
(R)-a-methylhistamine 1mg, i.c.v. 2.970.6# 118.3767.1 535.47323.1

2mg, i.c.v. 3.270.4# 95.4730.7# 326.67102.6#

PTZ+carcinine+ 20mgkg�1, i.p.
a-fluoromethylhistidine 10mgkg�1, i.p. 2.770.8# 85.2757.8# 672.17460.5

20mgkg�1, i.p. 3.070.5# 77.0718.0# 368.07211.0#

Each value is expressed as the mean7s.d. of 16 to 30 rats. *Po0.05 and **Po0.01 represent statistically significant difference as
compared to the PTZ+saline control group. #Po0.05 represent statistically significant difference as compared to the PTZ+carcinine
group.

Table 3 Effects of carcinine on the learning deficit induced by scopolamine (1mg kg�1) as evaluated by passive avoidance
test in mice

Drug Dose Training trial Test trial

Saline+saline F 8.074.3 288.0736.0

Scopolamine+saline 1mgkg�1, i.p. 8.273.5 56.6729.5**

Scopolamine+thioperamine 10mgkg�1, i.p. 9.274.2 216.7762.8#

Scopolamine+carcinine 5mgkg�1, i.p. 7.873.3 75.6727.6
10mgkg�1, i.p. 6.973.0 105.8738.8
20mgkg�1, i.p. 7.274.4 156.6770.2#

Scopolamine+carcinine 20mgkg�1, i.p.
+(R)-a-methylhistamine 1mg, i.c.v. 8.072.6 108.3747.1

2mg, i.c.v. 7.772.9 58.9724.7&

5mg, i.c.v. 8.273.5 32.1714.2&&

Scopolamine+carcinine 20mgkg�1, i.p.
+a-fluoromethylhistidine 10mgkg�1, i.p. 10.674.5 80.6743.7

20mgkg�1, i.p. 9.373.3 50.0729.8&

Each value is expressed as the mean7s.d. of 15 to 18 rats. **Po0.01 represents statistically significant difference as compared to the
saline+saline control group. #Po0.05 represents statistically significant difference as compared to the scopolamine+saline group.
&Po0.05 and &&Po0.01 represent statistically significant difference as compared to the scopolamine+carcinine (20mgkg�1)-treated
group.
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dose-dependently inhibited the ameliorating effect of carcinine

with significant effect at doses of 2 and 5mg. a-Fluoromethyl-

histidine at a dose of 10mg also markedly reversed the

ameliorating effect of carcinine (Table 3).

Effects of carcinine on the locomotor activity as evaluated
by open-field test in mice

Mice locomotor activity was measured using an open-field test

60 min after carcinine or thioperamide injection (Figure 5).

Carcinine dose-dependently increased the total distance with

significant effects at doses of 10, 20, and 50mg kg�1 (Po0.05).

Thioperamide at a dose of 20mg kg�1 also significantly

increased mice locomotor activity (Po0.05).

Discussion

Histamine receptors are highly expressed in the central nervous

system, while low levels are observed in peripheral tissues

(Panula et al., 1984; Watanabe et al., 1984; Schwartz et al.,

1991; Haas & Panula, 2003). The synthesis and release of

histamine in the CNS are considered to be under tonic

inhibitory control of presynaptic histamine H3 autoreceptors

(Arrang et al., 1983; Schwartz et al., 1991). Accordingly,

histamine H3 receptor antagonists are generally known to

increase histamine synthesis and release in the histamine

presynaptic terminals (Schwartz et al., 1991; Leurs et al., 1998;

Brown et al., 2001). In the present studies, carcinine was

evaluated for its pharmacological effects on histaminergic

neurons and its selectivity for the histamine H3 receptor.

Carcinine slightly increased HDC activity in mice cortex, and

significantly decreased histamine contents both in mice cortex

and midbrain. These results indicate that carcinine increases

histamine synthesis and release, especially histamine release

from histamine presynaptic terminals, suggesting that carci-

nine could activate histaminergic neurons in the brain. These

findings are similar to those obtained with thioperamide, a

histamine H3 antagonist, known to significantly increase HDC

activity and decrease histamine levels in mouse brain (Arrang

et al., 1983; Schwartz et al., 1991). In contrast, (R)-a-
methylhistamine, a histamine H3 receptor agonist, has been

shown to cause no significant change in HDC activity or

histamine levels (Sakai et al., 1992; Meguro et al., 1995). From

the above, it is assumed that carcinine can act on histaminergic

neurons in the mammalian brain, and that some of its

biochemical characteristics are similar to those of H3

antagonists.

Like most histamine H3 receptor antagonists, such as

clobenpropit, iodoproxyfan, and vernongamine, carcinine

has a flexible ethylene side chain known to be important for

H3 receptor binding (Tedford et al., 1999; Yates et al., 1999).

Indeed, in our in vitro binding study, we found that carcinine

has a higher affinity for histamine H3 receptor than for

histamine H1 or H2 receptor (Ki (mM)¼ 0.2939 vs 3621.2 or

365.3, respectively). In addition, our behavioral study provides

evidence supporting the hypothesis that carcinine acts as a

histamine H3 receptor antagonist. Like thioperamide, carcinine

significantly inhibited PTZ-induced kindling and ameliorated

memory deficit induced by scopolamine in mice. Interestingly,

these effects were completely reversed by (R)-a-methylhista-

mine, a selective histamine H3 receptor agonist, which given

alone had no apparent effects in mice. From these findings, it

is assumed that carcinine exerts its protective effects by

facilitating endogenous histamine release and blocking auto-

inhibitory presynaptic H3 receptors. Taken together, our in

vitro and in vivo results indicate that carcinine is a novel

histamine H3 receptor antagonist, although further biochem-

ical studies are needed to elucidate the mechanism of its action.

It is interesting that in the present study a-fluromethylhis-

tidine, a selective HDC inhibitor, reversed carcinine inhibition

of PTZ-induced kindling in mice. We have previously reported

that a-fluromethylhistidine inhibits the protective effect of

clobenprobit, or thioperamide on PTZ-induced development

kindling seizure and the kindled seizure, respectively (Chen

et al., 2002; Zhang et al., 2003a, b). In addition, in the present

study carcinine produced no marked effect on HDC activity in

mouse brain. It is therefore suggested that the decrease in

histamine synthesis caused by a-fluromethylhistidine results

in a decrease in carcinine-induced histamine release.

The existence of H3 receptor, its functional role, and

pharmacological importance have been demonstrated by

several laboratories. Accordingly, H3 receptors antagonists

have been indicated to be involved into various neuronal

diseases such as cognitive deficits, attention deficit hyperactiv-

ity disorder, narcolepsy, and epilepsy (Stark et al., 1996; Leurs

et al., 1998; Tozer & Kalindjian, 2000). For instance, H3

receptor-deficient mice have been shown to have an overall

decreased locomotion in wheel-running test and to be resistant

to the amnesic effect of scopolamine in the passive avoidance

test (Toyota et al., 2002). In addition, Rizk et al. (2004) has

recently reported that H3 receptor-deficient mice show

enhanced spatial learning and memory in the Barnes maze

test and reduced anxiety in the elevated plus maze. Moreover,

H3 antagonists, such as thioperamide and clobenpropit, which

are conventionally used to study the precise function of brain

histamine, have been reported to ameliorate memory deficits

induced by scopolamine (Miyazaki et al., 1995; Chen &

Kamei, 2000), protect from developing kindling seizure

(Scherkl et al., 1991; Chen et al., 2002), and improve

locomotor activity (Sakai et al., 1991). Carcinine also

produced similar behavioral effects, such as ameliorating the
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Figure 5 Effects of carcinine on locomotor activity in mice as
evaluated by the open-field test. Carcinine or thioperamide was
intraperitoneally administrated 60min before the test. Distances
of ambulation were accumulated every 9 min. Each value was
expressed as the mean7s.d. of 13 to 15 mice. *Po0.05, statistical
significance of difference between saline- and carcinine- or
thioperamide-treated groups.
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learning deficit induced by scopolamine in the passive

avoidance test and inhibiting PTZ-induced kindling. Further-

more, carcinine significantly increased locomotor activity as

evaluated by the open-field test and markedly decreased

histamine levels in the cortex and midbrain. Taken altogether,

these results suggest that the mechanism by which carcinine

inhibits PTZ-induced kindling, protects against scopolamine-

induced learning deficit, and ameliorates locomotor activity

in mice is based on an increase in histamine release from

histamine presynapses caused by a high occupancy of H3

receptors. Thus, the present study provides initial and direct

evidence of the pharmacological role of carcinine in histami-

nergic neurons function in the mammalian brain.

It has been demonstrated that histamine H3 receptors exist

as heteroreceptors: they are present not only in the histami-

nergic nerve terminals in the brain but also in the terminals of

other neurotransmitter systems (Schlicker et al., 1988; 1993).

In addition, several reports have demonstrated the functional

interactions between histaminergic, serotoninergic, and

dopaminergic neurotransmission (Schlicker et al., 1988; 1993;

Ryu et al., 1994; Son et al., 2001). In the present study, we

found that like thioperamide, carcinine significantly increased

endogenous 5-HT release from mice forebrain slices, although

both carcinine and thioperamide had no appreciable effect on

Kþ -evoked release of endogenous dopamine from mice brain

slices.

In conclusion, the present study provides direct evidence

that carcinine is a new histamine H3 receptor antagonist that

might be useful not only as an antiepileptic drug or as an

adjunct to existing antiepileptic drugs but also as therapeutic

treatment for memory deficits including Alzheimer disease.
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