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Abstract 

Brain histaminergic and cholinergic systems are involved in the neuromodulation of cognitive functions 
and altered in some neuropsychiatric disorders such as Alzheimer's disease. In this study we have 
investigated the effects of betahistine dihydrochloride (BH) on locomotor activity (LA) and passive 
avoidance behavior (PAB) in control and scopolamine(SC)-treated male rats. In an open-field para- 
digm, BH increased LA at high doses and inhibited SC-induced hyperactivity at moderate ones, without 
effect on motor habituation. In an electronic maze paradigm, in which animals had to learn to avoid a 
1.5 mA electric shock, BH reduced the number of trials required by SC-treated animals to learn to stay 
in a neutral platform during two consecutive trials. These results seem to indicate that BH influences 
basal and SC-induced locomotor activity, and attenuates the learning impairment caused by SC. 

Introduction 

Brain histamine (HA) seems to be involved in 
several activities of the central nervous system 
(CNS), including cognitive functions, as well as in 
the pathogenesis of some neuropsychiatric dis- 
orders [1]. Betahistine (BH) is a histaminergic agent 
that acts as a central and peripheral vasodilator, 
increasing blood flow in the vertebrobasilar system 
and improving microcirculation at the chocleo- 
vestibular level. Moreover, it has been reported 
that BH increases cerebral regional blood flow [2] 
and improves cognitive functions [3] in geriatric 
patients with cerebrovascular disorders and de- 
mentia. In rats, tested in a single-level continuous 
avoidance task, it was found that BH evoked an 
increase in avoidance response rates, I to 3 hours 
after injection [4]. Although the mechanism of 
action of BH is not well understood, several studies 

seem to indicate that it acts as a partial H 1 agonist 
and H3 antagonist in the CNS [5]. 
Since the influence of histaminergic agents on 
behavior remains obscure, in the present study we 
have evaluated the effects of BH on locomotor 
activity (LA) and passive avoidance behavior 
(PAB) in control and scopolamine(SC)-treated 
rats. 

Materials and methods 

Male Sprague-Dawley rats (Charles River Spain 
S.A.) (200-300 g; N = 6 16 rats/group) were used 
in the following experiments. (1) Study of the dose- 
response effects of the acute i.p. injection of BH (0, 
1, 5, 10 or 25 mg/kg; 5 min before testing) on LA. 
(2) Effects of the daily i.p. administration of BH (0, 
1, 5 and 25 mg/kg/day; 5 min before testing) on 
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LA. (3) Effects of the daily i.p. administration of 
BH (10 mg/kg/day), SC (1 mg/kg/day), and SCBH 
(SC = 1 mg/kg/day + BH = 10 mg/kg/day), 5 rain 
before testing, on LA. (4) Effects of the acute i.p. 
administration of BH (10 mg/kg), SC (1 mg/kg), 
and SCBH ( S C = l m g / k g + B H = 1 0 m g / k g ) ,  
15 min before testing, on PAB. 
Behavioral parameters were recorded in the 15oo 
OUCEM-86 (Osaka University Computerized 
Electronic Maze) as previously described [6]. Loco- 

7 5 0  
motor activity was evaluated for 30-min periods 
after injection in an open-field paradigm, in which 
animals moved freely on a stainless steel square of o 
620 x 620 mm. LA is expressed as total inputs 
(I/O), including movements in the four-footed and 
two-footed positions, grooming, rearing and jump- 
ing activity. In a free-rate paradigm of PAB, 
animals were tested in consecutive trials of 30 sec 3ooo 
each (intertrial interval = 30 sec) and had to learn 
to stay in a neutral platform (18 x 18 cm) in order 2250 
to avoid a 1.5 mA electric shock. The test was 
discontinued when the animals remained in the 1500 
neutral area for two consecutive assays. The num- 
ber of trials needed for learning was used as a 
learning index. 750 

Data were processed by using analysis of variance 
(ANOVA) and the Scheff6 test for post hoc o 
comparisons. 

Results 

Animals tested in an open-field paradigm after 
acute i.p. injections of BH showed a dose- 
dependent increase in LA (F =4.32; p<0.005) 
(Fig. 1). When compared to controls (0), BH- 
induced LA increase reached significant values for 
the 25 mg/kg dose (C = 1661.9_+426.7 I/O; BH- 
25 = 2555.8 _+ 826.6 I/O, p < 0.01), with no signifi- 
cant effects at doses of 1, 5 and 10 mg/kg. However, 
the 4-days treatment with BH (0, 1, 5 and 
25 mg/kg/day) did not significantly modify the 
mean LA levels (F = 1.01; p<0.4)  (Fig. 1). Fur- 
thermore, BH-treated animals showed a motor 
habituation (decrease of LA levels in consecutive 
days) similar to that of controls (Fig. 1). 
The i.p. injection of BH (10 mg/kg) inhibited the 
increase of LA induced by SC (1 mg/kg) in novel 
conditions (day 1) (Fig. 2). Animals treated with 
SCBH showed lower mean LA levels (p<0.05) 
than controls or SC-treated rats for the 4-days 
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Figure 1 
Acute (top panel) and daily (bottom panel) dose-dependent 
effects of betahistine on locomotor activity (LA). Animals 
received i.p. injections of 0.9% saline (C) and BH (1, 5, 10 or 
25 mg/kg) five rain before testing. Results X_+ S.E.M. 

period, but the daily treatment with BH, SC, or 
SCBH did not modify motor habituation (Fig. 2). 
In a free-rate PAB paradigm, BH (10mg/kg) 
significantly (p < 0.05) reduced the number of trials 
required by SC-treated animals to learn to stay in 
the neutral area during two consecutive trials 
(Fig. 2). 

Discussion 

According to our results, BH induces hyperkinesis 
at high doses, while at low and moderate doses does 
not alter LA records in novel conditions (day 1). 
This initial effect of BH was not obvious when i.p. 
BH injections were given on consecutive days, 
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Effects of the daily i.p. administration of betahistine (BH), 
scopolamine (SC) and scopolamine plus betahistine (SCBH) on 
LA (top panel). Bottom panel represents the effects ofBH, SC and 
SCBH in PAB, evaluated in a free rate paradigm. Animals 
received acute i.p. injections of SC (1 mg/kg), BH (10 mg/kg), or 
SCBH (SC = 1 mg/kg + BH = 10 mg/kg) 5 and 15 rain before 
testing LA and PAB, respectively. Results: X+_ S.E.M. 

suggesting an adaptation to repeated BH admi- 
nistrations. We have previously found that L- 
histidine [6], which increases the hypothalamic HA 
content, elicited hyperkinesis, while alpha-fluoro- 
methylhistidine [7], which reduces by 60-80% the 
levels of hypothalamic HA, reduced LA. All these 
data together suggest that BH might influence LA 
by increasing endogenous HA, via H3 receptors, 
and/or acting directly at the H 1 receptor sites as an 
agonist. However, the involvement of peripheral 
mechanisms in this process cannot be ruled out. 
Our results also indicate that BH (10 mg/kg) blocks 
the hyperactivity induced by SC in novel con- 
ditions, and attenuates the impairment of learning 
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in SC-treated animals. Recent data showed that 
HA improves memory in old rats, an effect blocked 
by the H 1 antagonist pyrilamine, and was effective 
in treating the amnesia caused by hippocampal 
lesions [8]. The present results, together with data 
indicating that atropine blocks the positive effects 
of HA on water consumption in deprived rats [4], 
suggest that an interaction between histaminergic 
and cholinergic systems might be involved in some 
behavioral processes. However, this functional 
association is not yet clear. 
In conclusion, the present results seem to indicate 
that BH influences locomotor activity and blocks 
the SC-induced effects on psychomotor and learn- 
ing parameters, suggesting the involvement of 
neuronal HA as well as the interaction of brain 
histaminergic and cholinergic systems in these 
behavioral actions. 
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