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Abstract

The possible role of histamine receptors in the hippocampal formatikey words

on the exploratory motivation and emotionality of the rat was studiedimotionality

An elevated asymmetric plus-maze composed of 4 different arms (rigotivation

walls, single high wall, high and low walls and two high walls) Hippocampus
arranged at 90angles was used. The exploration score, considered tg/stamine ,
be an index of exploratory motivation, and the permanency scortglevated asymmetric
considered to be an index of emotionality (anxiety), were determmedO us-maze
Histamine was administered locally into the ventral hippocampus at
three different doses (9, 45 and 90 nmol). Another group of rats was

also microinjected with 45 nmol of pyrilamine (a histaminedtep-

tor antagonist) or ranitidine (a histaming téceptor antagonist) in

addition to 9 nmol of histamine in order to identify the possible type of

histamine receptor involved. Histamine administration significantly

inhibited the exploration score and increased the permanency score at

the doses of 9 and 45 nmol in two of four arms. These effects were

completely blocked by the administration of either histamine receptor

antagonist. The present results suggest that in the hippocampal forma-

tion histamine inhibits exploratory motivation and decreases emotion-

ality by activating both types of histamine receptors. Also, the elevated

asymmetric plus-maze appears to be a suitable technique to quantify

exploration and possibly “anxiety”.

models have been used to induce conflictive
exploration in rats (1-5). It has been fre-
Exploration seems to be one of the priguently assumed that when an animal ex-
mary responses an animal shows when placgtbres in a conflictive situation, fear regu-
in an unknown site. When exploration in-lates the exploratory behavior. The term
volves risk due to the particular characteris®anxiety” has sometimes been used to de-
tics of the environment, the animal faces &cribe these brain processes. However, anxi-
“conflictive” exploration, since its tendency ety appears not to be a very appropriate term
to explore is “in conflict” with fear induced since it has a strong psychological meaning
by the environment. Several experimenta&nd usually is interpreted in a human context
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(5,6). Accordingly, its extension to charac-hippocampus histamine-injected animals
terize some fear-related behaviors in experi2,3,18). Interestingly, it has been reported
mental animals such as the rat is highlyhat diazepam decreases the turnover rate of
uncertain. In the present study the term “emdiistamine in mice (19). This evidence sug-
tionality” is preferred to describe those brairgests that the hippocampal structure could
mechanisms related to the processing of fealbe a site where mechanisms of exploratory
ful stimuli from the environment. However, motivation and emotionality might be inte-
even though an animal might experiencgrated and, to our knowledge, this subject
fear in an unkown conflictive environment ithas not been studied in detail.

can eventually explore it. The environment It is accepted that in the study of the
or some part of it becomes such a strongeurobiology of emotions and “anxiety” the
stimulus that approach behaviors (explorabuse of the elevated plus-maze provides a
tion) are induced. The term “motivation” hassimple and inexpensive test for rodents (20-
been used to describe the brain mechanisr2s). The traditional plus-maze consists of
that process incentivating stimuli from thetwo open and two enclosed arms, all el-
environment (7-9). Although several effortsevated from the ground (usually about 50
have been made to identify the neurotransm). Rats placed in the maze have the choice
mitters and brain structures that mediate thi® explore and to move into any of the arms.
expression of the exploratory motivation andSince animals tend to avoid open spaces
emotionality (5,10-13), little information is because thigmotaxis cannot be performed
available about these processes. Regardiiig6) they usually spend most of the time in
emotionality, for example, the hippocampughe enclosed arms. This is the basis for an
is a site where accumulation ¢H]-fluni-  index of “anxiety” which compares the ratio
trazepam is highest in the brain and wheref open to total arm entries of drug-treated
stereospecific, dose-dependent and saturalbylets with those receiving saline only. How-
benzodiazepine sites have been demonstrateder, some limitations have questioned the
(14). A strong correlation was also foundextensive use of the plus-maze since con-
between morphometric analysis of moss¥licting results and misleading conclusions
fibers and behavior shown in situations ohave been obtained when some compounds
“anxiety” in a mouse line with genetic alter-acting on serotonin receptors are used or
ations (15). Local administration of diaz-when locomotor activity is affected (27,28).
epam into the hippocampal formation is ablén spite of these limitations, the elevated
to prevent the learned helplessness parplus-maze is a useful model and if proper
digm (14). In addition, administration of modifications are introduced (4) it can be a
tetrahydro-B3-carboline, a benzodiazepingotent instrument to study the mechanisms
ligand, into the hippocampal formation in-of exploratory motivation and fear. Another
duces a state of “anxiety” in the rat (16). Oninteresting feature in the elevated plus-maze
the other hand, some evidence indicates that the simultaneous detection of locomotor
the nucleus accumbens, the ventral tegmeaetivity associated with exploration. In this
tal area and the hippocampus may be irway “anxiety” or emotionality can be linked
volved in the motivational processes (2,3to exploratory locomotion (motivation in-
8,15,17,18). Regarding the hippocampatiex) as a second factor. Working on these
structure, local microinjection of histamineprinciples, we modified the traditional plus-
into the ventral hippocampus has been shownaze in our laboratory. Instead of two pairs
to reduce the exploratory activity in a hole-of identical arms, four geometrically differ-
board. Concomitantly, an “indifferent atti- ent arms were used, each differing from the
tude” to the environment was displayed bythers in terms of the presence and size of
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the walls. It is assumed that each arm reprd5 cm high), iii) two walls (HL, one of them
sents a different novelty and protection zon&5 cm high and the other 6 cm high), and iv)
for the rats. two high walls (HH, both 15 cm high; Figure
The purpose of the present study was td). The APM was elevated 60 cm from the
investigate the possible participation of hisfloor and placed in the center of the experi-
tamine in the hippocampus in the mechamental room, which was illuminated by a
nisms of exploratory motivation and emo-single 30-W fluorescent lamp above the
tionality as measured in an elevated asymAPM. Room temperature was 20°Z4dur-
metric plus-maze (APM). ing all sessions. Rats were tested in the APM
only once.
Material and Methods
Variables
Animals
The following variables were measured:
Male Holtzman rats, weighing 250-320i) latency time: the time in seconds the ani-
g, 90 days old, were maintained under themal takes to initiate exploratory activity after
moregulated (22-2€) and light-controlled it is placed in the central platform. ii) Explo-
conditions (6:00-20:00 h) with standard raration score:the exploratory activity dis-

chow and water availabba libitum played by the animal in any of the four arms,
as measured by the automatic increase of a
Implantation procedures digital counting device, at a rate of about 2

counts/s. The following behaviors were con-

Animals were anesthetized with ether angidered to be different aspects of explora-
unilaterally implanted with steel guide can-tion: locomotion while the rat sniffs in any
nulae (23 gauge, 15 mm in length) into thelirection, sniffing a localized spot for at
caudal ventral hippocampus, as describeéast 2 s while the animal is still, rearing,

elsewhere (18,29,30). After implantation ratexploratory stretched postures, and head

were housed individually and allowed to restlippings at the end of arms for at least 2 s.

for at least 72 h. The exploration score was considered to be
an approximate index of exploratory motiva-
Drugs tion. iif) Permanency score: all the activity

the rat displays while remaining in any arm

Histamine dihydrochloride (HA; Sigma not related with exploration, measured by

Chemical Co., St. Louis, MO), pyrilamine the automatic increase of a digital electronic

maleate (PYR; Sigma) and ranitidine (RAN;

R.B.l., Natick, MA) freshly prepared in sa- Figure 1 - Simplified diagram of
line solution were used. the elevated asymmetric plus-
maze. NW = No wall arm; SW =
single wall arm; HL = high and

low wall arm; HH = two high
I 115 cm wall arm. Animals were placed
in the central platform at the be-

SW ginning of the test. See text for
further details.

Apparatus

The elevated APM was made of wood een
painted black. The four arms were arrangedHL
at 9¢ angles. The arms were 42 cm long and
11 cm wide. All arms ended in a rectangular

central platform measuring 20 x 20 cm. The 8.2 i
degree of asymmetry of each arm was as :|
follows: i) no wall (NW), i) single wall (SW, NW 43 em
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counter. Behaviors included in this categorymplanted rats treated with 1 pl of saline
were brief motionless attitude apparently starsolution.

ing in a determined direction, complete or Experiment 2Effect of increasing doses
incomplete grooming, prolonged immobil-of HA into the hippocampus on the behav-
ity in the arm with little or no movement of ioral activity displayed by the implanted rats
the head, and sleeping. The permanency scarethe APM. The purpose of this experiment
was considered to be an approximate inverseas to investigate the possible effect of lo-
index of emotionality (anxiety). iv) Arm en- calized injections of increasing doses of HA

tering frequency. into the hippocampus on the behavioral ex-
pression displayed by the implanted rats in
Experimental schedule the APM. Doses used were 9 nmol, 45 nmol

and 90 nmol, all applied in 1 pl of saline

General procedureOn the day of the solution. The sequence of microinjections
experiment, implanted rats were gently miwas SAL (firstinjection at -10 min), and HA
croinjected into the ventral hippocampus witi(second injection at -5 min). A total of 37
1 pl of saline solution (SAL) or saline solu-rats were used, 13 animals for the 9-nmol
tion containing the Hhistamine antagonist, dose, 13 animals for the 45-nmol dose and
pyrilamine, or the bthistamine antagonist, 11 animals for the 90-nmol dose. Saline-
ranitidine (injection 1). The injection proce-treated rats from experiment 1 represented
dure took about 20-40 s. Microinjection waghe “dose 0" group.
performed 10 min before the animals were Experiment 3Effect of H- and H-hista-
placed in the APM (time “-10"). Five min mine antagonists and HA in the hippocam-
after injection 1, the rats were once agaipus on the behavioral activity displayed by
microinjected into the hippocampus withimplanted rats in the APM. The objective of
saline or saline containing histamine (timghis experiment was to identify the possible
“5”, injection 2). Five min after injection 2 types of histamine receptors which might be
(time “zero”), all animals were placed in theinvolved in the behavioral effects produced
center of the APM and behavioral activityby HA in the hippocampus. Forty-five nmol
was recorded for 5 min by an observer unef the histamine antagonists and 9 nmol of
aware of the treatments. In a single caskistamine were used, with the antagonist to
(experiment 1), when intact rats were used,agonist ratio being 5:1. This ratio was higher
handling procedure was performed at timethan the 1.5:1 ratio used elsewhere (31,32)

-10 and -5 min. which was found to be effective to counter-
act the histamine effects. Full activity of the
Experiments histamine antagonists on their respective re-

ceptors was assumed to occur at the equimo-
Experiment 1 Effect of hippocampal lar doses used. The sequence of injection
implant procedures on the behavioral activwas first the antagonists at -10 and then the
ity displayed by rats in the APM. The pur-agonist at -5. A total of 24 rats were used, 13
pose of this experiment was to study thdor the RAN treatment and 11 for the PYR
possible effect of cannula implants, volumdreatment. Groups SAL + HA and SAL +
expansion due to the injection of 1 pl ofSAL from experiments 2 and 1, respectively,
solution and surgical procedures on the bewere used as controls. After the end of the
havioral activity displayed by animals in theexperiments, all animals were sacrificed by
APM. Comparison was made with normalexcess ether inhalation and their brains were
animals (non-operated rats). A total of 31dissected out for histological verification of
rats were used, 18 intact control rats and 1tBe sites of implant. Only those rats with
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cannulae implanted at the specified site {CA arm (Figure 3A) which, however, were not
CA, zone) were used for analysis. statistically significant. The permanency
score displayed by the same animals was “0”
for all doses used (Figure 3A). In the SW
arm, the dose of 9 nmol HA significantly
The nonparametric Dunn test (33) waglecreased the exploration score when com-
used for all multiple comparisons, since thepared with saline (dose 0, Figure 3B). The
frequency distributions of the variables wa®ther doses of HA (45 and 90 nmol/pl) in-
found not to be normal. P<0.05 was considduced some variations in the median values
ered to be statistically significant. but these variations were not statistically
significant. The permanency score displayed
by rats microinjected with 45 nmol HA was
significantly higher than that observed with
dose 0 (Figure 3B). Other doses did not
induce any changes in permanency score. In
As can be seen in Figure 2A, the explorathe HL arm (Figure 3C), the exploration
tion score shown by intact animals was nogcore was significantly reduced at the 45-
the same for all four arms. Animals exploredimol HA dose compared with dose 0. No
HL and HH arms significantly more thanchanges in this score were observed for the

Statistical analysis

Results

Experiment 1

1455

NW and SW arms (P<0.01). The exploration
score for the SW arm was significantly higher
than that obtained for the NW arm (P<0.05).

The permanency score shown by the samez ?%

220

animals was significantly higher in the HL 5180' J
and HH arms than in the NW and SW arms 2140:
(P<0.01). No differences in permanency 5120_ 1
score were observed between NW and SW g e
arms (Figure 2B). Implanted animals micro- 2 |
injected with saline solution showed explo- = 60 4
ration scores identical to those of intact ani- 40 -
mals in arms SW, HL and HH (Figure 2A). © 5] H%
Only in the NW arm did the implanted rats 0 ‘ : , ,
show an exploration score significantly W i\’(\)’f mazz;rm HH
higher than that of intact rats (P<0.05, Figure ”®
80

2A). As shown in Figure 2B, no differences

in permanency score were found between
the two groups for any of the four arms. As

shown in Table 1, intact animals entered the
NW arm significantly less than the other

arms (group 1, P<0.01). Implanted rats, on
the other hand, entered the HH arm signifi-
cantly less (Table 1, group 2, P<0.01).

Experiment 2

The exploration score showed some varia-
tions with increasing doses of HA in the NW

Permanency score (counts/5 min)

60

40 A

20 1

_L\ |J-II T ”é
NW SW HL HH
Type of maze arm

3 Intact rats (N = 18)
SAlL-treated rats (N = 13)

Figure 2 - Exploration (A) and
permanency (B) scores in the
asymmetric plus-maze of intact
and implanted rats microinjected
into the hippocampus with 1 pl
of saline solution (SAL). Results
are reported as the median +
standard error of the median.
See Figure 1 for explanation of
abbreviations. A, Intact rats:
P<0.01, HL vs SW; P<0.01, HL
vs NW; P<0.05, HH vs SW;
P<0.01, HH vs NW. Implanted
rats: P<0.05, HL vs NW, SW and
HH. B, Intact rats: P<0.01, HL vs
NW; P<0.05, HL vs SW (non-
parametric Dunn test).
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other doses. As to the permanency scor@hibitory action of HA in this arm (Figure
only the dose of 9 nmol had an effect, induc4A). The facilitatory action of HA on the
ing a significant increase in the score regarggermanency score in the HL arm was also
ing dose 0 (Figure 3C). In the HH arm (Fig-blocked by RAN treatment (Figure 4B). The
ure 3D), no significant variations in the ex-frequency of entries into each arm or latency
ploration score were observed, and only thieme of the animals were not significantly
dose of 90 nmol HA significantly decreasedaffected by RAN treatment when compared
the permanency score regarding dose O (Figvith SAL- or HA-treated rats (Table 1, groups
ure 3D). The frequency of entries for the2-3 and 5). Also, treatment with PYR (the
different groups is shown in Table 1 (group$d;-histamine antagonist) blocked the inhib-
2-5). No significant variations in this vari- itory action of HA on the exploration score
able were observed for any group comparei the SW arm (Figure 4C) and its facilitatory
to the saline-injected rats (group 2). Latencegffect on the permanency score (Figure 4D).
time, which was 8 + 2.4 s in control animalsPYR treatment did not affect the frequency
was not statistically modified by HA treat- of entries into each arm or the latency time of
ment (Table 1, groups 2-5). rats (Table 1, groups 2-3 and 7).

Experiment 3 Discussion

As shown in Figure 4, the dose of 9 nmol Itis readily apparent that exploration and
HA affected only the exploration score ofpermanency scores are related since these
the SW arm. Treatment with 45 nmol RANvariables have been defined as mutually ex-
was completely effective in blocking theclusive, i.e., when the animal performs one

Table 1 - Behavioral parameters measured in the asymmetric plus-maze of intact and implanted rats subjected
to different treatments.

aP<0.01 vs intact rats; PP<0.01 vs intact rats; cP<0.01 vs HA 9, HA 45 and HA 90 groups. 'P<0.01 vs NW
(same group); 2P<0.05 vs NW (same group); 3P<0.05 vs NW and SW (same group); 4P<0.05 vs NW and SW
(same group); °P<0.05, group 4 vs group 5. See Figure 1 for explanation of abbreviations.

Groups Frequency of entries Latency Central activity

time (s) (counts/5 min)
NW SW HL HH

Group 1 (N =18) 1 £0.1 2+02 3=x03 3+ 022 302 62.5 + 11.564

Intact rats

Group 2 (N = 13) 2+04 2+ 03 2 + 0.4 1+ 03b 8+24 79.5 £ 19.3

Saline-treated rats

Group 3 (N =13) 1+£02 1+03 2=+03 1+03 10 = 3.0 65 =+ 21

HA-treated rats (9 nmol)

Group 4 (N =13) 1+02 2+04 2+03 1+ 05 10 £ 2.0 28 + 195

HA-treated rats (45 nmol)

Group 5 (N =11) 1+£02 1+£02 2+028 2 + 0.44 10 £ 5.9 88 =+ 31.8

HA-treated rats (90 nmol)

Group 6 (N =11) 2 +03 3+04 303 1+ 05 0=+ 1.7¢ 65.5 + 18.7

PYR + HA-treated rats

Group 7 (N =13) 2+04 2+02 2zx04 1+04 7+12 42.0 + 22.3

RAN + HA-treated rats
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activity it is not displaying the other at theatory motivation and emotionality mecha-
same time. However, this does not necessarisms. The permanency score as an approxi-
ily mean that a single brain process is inmate index for emotionality does not exactly
volved in these behavioral activities. It iscoincide with the traditional “anxiety” or
reasonable to think that some brain neuronaimotional index used by other authors in the
complexes can process environmental nostandard plus-maze (4,20,25,34), mainly us-
elty stimuli and facilitate behavioral explor-ing a decreased total time or a decreased
atory actions (exploratory motivation). Sincefrequency of entries into a particular arm as
fear or “anxiety” can also be induced by thean inverse equivalent of the anxiety index. It
same environmental clues it is possible tes accepted that some particular behaviors
imagine that the final animal response is theuch as grooming, resting and sleeping are
result of some complex neuronal interachighly frequent in situations where the ani-
tions between motivation-driven and fear- omal has no fear. It has been assumed that

1457

“anxiety”-driven mechanisms. Many inves-only in a location where the animal feels
tigators believe that fear regulates the extemirotected, will permanency be longer and
of animal exploration (1,6,20,27) and im-the possibility of displaying these behaviors
plicit “brain anxiety mechanisms” have beemot related to exploration or stress will be
assumed to exist. In this study the explorancreased. Whether this consideration is true
tion and permanency scores in the APMr not, permanency as a variable should be
were considered to be estimators of exploronsistent with the traditional index for fear

No wall arm

Single wall arm
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2 o0q{A = %110- B =
€ 80 1 £ g100] £
Q 70_ E Q 90' ’75 Q
2 E g e Z
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3 g g 8
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0 9 45 90
Histamine dose (nmol)

Figure 3 - Exploration and per-
manency scores in the asym-
metric plus-maze of implanted
rats treated with different doses
of histamine. Dose “0" (saline
group), described in Figure 2,
has been included here in order
to facilitate comparisons. A, No
wall arm. B, Single wall arm:
*P<0.05 vs dose “0”, tP<0.01
vs dose “0". C, High-low wall
arm: *P<0.05 vs dose “0",
+P<0.01 vs dose “0". D, High-
high wall arm: +P<0.05 vs dose
“0" (nonparametric Dunn test).
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Figure 4 - Exploration (A,C) and
permanency (B,D) scores in the
asymmetric plus-maze of im-
planted rats treated with saline
(SAL), histamine and histamine
antagonists. *P<0.05, HA-
treated rats vs SAlL-treated rats
(nonparametric Dunn test) . Sa-
line- and histamine-treated
groups, described in Figures 2
and 3, have been included in or-
der to facilitate comparisons.
RAN = Ranitidine; PYR = pyril-
amine; HA = histamine. See Fig-
ure 1 for explanation of abbre-
viations.

Braz J Med Biol Res 30(12) 1997

M.B. Ruarte et al.

300
275 1 A 250 1 B
250 - = *
225 =
® = o 200
© E175 1 = DE
o) o =
S5 150 - . PmE égwo
©E 4 = cc
S 3125 ’ H T >
Q /] |m €9 o
3 ) 100 A ’ - = O 100
[ 7 |= [
gl |m =
75 ‘ =
50 - g 0 50
L]
25 1 7 I8 |
0 = 0 e
NW SW HL HH NW SW HL HH
Type of maze arm Type of maze arm
250
225{ C 2504 D
*
200 +
o 175 o 2004
ST > SE
& € 150 1 ] =
c5 o w150 |
9125 4 3 3
g5 8 55
£ 3100 3 it
23 2 % £ 8100 3
H75 a
* % o B
50 - b I*i % K
o K 2
* K o %
251 x 2 % o
“ i K] e
0 - > a [ K] 0 ' } *.
NW SW HL HH NW SW HL HH

Type of maze arm

Type of maze arm

SAL-treated rats (N = 13)

Il HA-treated rats (9 nmol; N = 13)
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KX PYR (45 nmol)- and HA (9 nmol)-treated rats (N = 11)

or “anxiety” in the plus-maze. As shown inshould obtain different exploration and per-
Figure 2B, in the normal non-operated ratsnanency scores in each arm. This prediction
the permanency score in the HH arm wawas confirmed since the intact rats explored
significantly higher than in the NW arm, inthe SW arm significantly more than the NW

agreement with the hypothesis that the opesrm, and both arms were significantly less
arm is more “anxiogenic” than the arm withexplored than the HL and HH arms (Figure
walls. Within this context, a rat can explore2A). A similar distribution was found for the

an anxiogenic arm in the plus-maze but ipermanency score displayed by the animals
prefers to stay or remain in an anxiolytic(Figure 2B). The overall results obtained for
“protected” arm. The elevated APM offersthe NW and HH arms closely agree with

four different arms with different “attrac- those obtained by other authors using the
tion” or “protection” levels. It was presumedtraditional arms in the standard plus-maze
that rats exposed only once to the plus-ma4d,25,34). Nevertheless, caution must be
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taken about the considerations discussed pre- Particularly curious was the apparent in-
viously. The traditional plus-maze has beewonsistent response observed in both scores
tested with well-known benzodiazepine drug$or animals treated with increasing doses of
and a correlation was found between expldiistamine (Figure 3). It is unlikely that these
ration of the open arms and increasing dos&ssults can be interpreted as nonspecific his-
of the anxiolytic compound (35). In the prestamine effects. First, histamine treatment did
ent study recognized anxiolytic drugs werenot equally affect the behavioral activity in
not tested, so it is not possible with thell four arms. Secondly, the effects of hista-
available data to define the exact relationmine at the lower dose were counteracted by
ship between permanency and emotionalitthe previous administration of the specific
New experiments are under way in our labohistamine receptor antagonists. It is clear
ratory in order to solve this specific issue. thatin the hippocampal formation some other
It was not possible to distinguish theneurotransmitters also participate in the con-
effect of surgical procedures of implantatiortrol of exploration and perhaps emotionality.
from the saline volume expansion due tdCentral histamine heteroreceptors have been
microinjections with the present experimenshown to exist in several types of neurones
tal design. Itis evident from Figure 2A and B(37). It is possible that higher doses of hista-
that implantation and microinjection treat-mine may stimulate some histamine hetero-
ment slightly affected the behavioral perforreceptors and changes in the release of other
mance of rats, as shown by a nonspecifiendogenous transmitters such as dopamine
increase of exploration of the NW arm and @r adrenaline might be induced. The final
decreased number of entries into the HL anelxpression of these neuronal mechanisms
HH arms (Table 1, groups 1 and 2). Thesould be a “neutralization” of the behavioral
frequency of entries appears as an inconsisffects of histamine observed at the lower
tent index for fear under the present experdoses of imidazolamine. Since modifications
mental conditions, since this parameter wais exploration were not found at the same
statistically the same in the more anxiolyticdose that affected the permanency score,
arm (HH arm, Figure 2B) and in the morethese data suggest that exploratory motiva-
anxiogenic arm (NW arm, Figure 2B) in thetion can be controlled independently of emo-
implanted saline-treated rats. This result ifonality (anxiety). Accordingly, these re-
consistent with what was claimed by someults can be interpreted as supporting the
other investigators about total arm entries ihypothesis that in the hippocampus hista-
the traditional plus-maze (27,36). After his-mine might be an inhibitory factor of moti-
tological examination of 10% formaldehyde-vation. If this interpretation is true, it may
fixed coronal sections, implant cannulae werexplain the diminished exploratory activity
found to be localized in the lowest and cenebserved in animals microinjected with his-
tral portion of the ventral hippocampus (datdamine into the hippocampus in some other
not shown). On this basis, the zone of chenexperiments described elsewhere (18,29).
ical stimulation included a part of the dendnterestingly, in the hippocampus histamine
tate area and the subiculum complex, nearlgppears to have an “anxiolytic effect”. As far
covering the CA-CA, zone. Therefore, the as we know, this is a rather surprising find-
stimulated zone was equivalent to that ofng, since Oishi et al. (19) reported that
previous experiments (18,29,31,32). Theliazepam decreased the turnover rate of his-
major effect of histamine (experiment 2)tamine in the brain, suggesting that imidaz-
was a decrease in exploration associatemlamine might be anxiogenic. Nevertheless,
with an increase in the permanency score iparadoxical effects have been observed for
the range of 9-45 nmol (Figure 3B,C). diazepam on exploratory behavior in rats

Braz ] Med Biol Res 30(12) 1997
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(38) and the present experimental conditionsre 4) that the action of imidazolamine on
were completely different from those usedexploration and permanency seems to be
by others (19). Since histamine has beemediated by the activation of,Hand H
reported to have some important effects ohistamine receptors. Although this is not
locomotion (2,3,39) itis possible that changedefinitive since a careful analysis using dif-
in exploration might be due to the effect offerent antagonist doses is required, this in-
histamine on locomotion. This explanationterpretation seems to support the physiologi-
is not likely, since when overall median armcal role of histamine receptors in the ventral
exploration (the sum of exploration in allhippocampus. Finally, exploratory motiva-
four arms), which can be considered as #on and emotionality are very complex brain
gross index of motor activity, was comparednechanisms that apparently are mediated by
between saline- and histamine-treated groupeveral neural structures besides the hippo-
no statistically significant differences werecampus. The amygdaloid complex and the
found (data not shown). This finding sug-nucleus accumbens have been proposed to
gests that locomotion activity was notbe involved (13,40,41). In our laboratory,
changed by treatment. The lowest effectivlistamine locally applied to the nucleus
dose of histamine for the modification ofaccumbens was able to modify the explora-
exploration and permanency scores was t®n and permanency scores in the APM
nmol (Figure 4). Accordingly, this was the(Orofino AG, Ruarte MB and Alvarez EO,
histamine dose selected for the study of thenpublished results). In conclusion, present
preliminary pharmacological characteriza-evidence supports a possible role of hista-
tion of receptors in the brain (experiment 3)mine and hippocampus in the conflictive
Data from experiment 3 clearly suggest (Figexploration processes of the rat in the APM.
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