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bstract

Previous evidence from our laboratory has shown that histamine receptors located into the ventral hippocampus modulate learning and memory
rocesses. Stimulation of histamine hippocampal sensitive receptors during the acquisition phase of a conditioned avoidance response to an
ltrasonic tone was able to increase latency to escape and impair memory in the rat. Histamine application into the same hippocampal region also
mpaired the evocation of the response. The purpose of the present work was to evaluate if histaminergic neuron circuits have participation on the
onsolidation processes of the conditioned avoiding response. Male adult rats were implanted into the ventral hippocampus with microinjection
annulae and subjected consecutively to 2 sessions of 8 trials to learn an avoidance response after an ultrasonic tone of 40 kHz was on, as it
as previously described. Immediately after the training period was over, or 15 min after, different groups of rats were microinjected with saline,
istamine or a combination of histamine H1- or H2-receptor antagonists. Twenty four hours later, animals were tested in a new session for the

etention of the avoiding response. Results showed that histamine treatment interfered with the consolidation of the avoiding response, affecting
atency and the memory efficiency. This interference was mediated by histamine H1- and H2-receptors, since pretreatment with pyrilamine or
anitidine blocked the inhibitory effect of histamine. Results support the concept that histaminergic neurotransmission modulates learning and
emory by affecting selectively the three stages of learning.
2007 Elsevier B.V. All rights reserved.
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. Introduction

Learning is the property giving living systems the capacity
o adapt to a changing environment by behaviorally respond-
ng with appropriate actions based on previous experience. This
apacity represented an important evolutionary advantage to liv-
ng systems because it gave the brain the mechanisms to compare
revious stimuli with new ones on a time scale. In this way, the

rganisms acquired the means to visualize changes of the envi-
onment in terms of time. Many complex events are necessary
n the brain in order to keep a memory. Environmental stimuli,
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hich in essence represent information, have to be processed
nd stored as coded information into specific neuron circuits.
nce coded information is stored, it is necessary to retrieve it

n order to compare it with incoming information to discern if
t is familiar or not. It is thought that after some unknown pro-
ess, comparison of stored information with the new one, gives
resultant action originating some specific behavioral output

10,37,5]. Evidence has shown that learning is a complex process
hat apparently occurs into three stages: acquisition, consolida-
ion and retrieval [37,34,17,9]. In spite that the three stages of
earning appear as a continuum, there is evidence that they are
equential and discrete [18,40,15]. Thus, it is quite possible to
hink that intrinsic brain mechanisms might control the efficacy

f any of these processes. For example, it is known that stress,
rastic emotional contingencies or the emotionally content of the
ask to be learned facilitate the process of acquisition [42,8,14].
dministration of drugs or bioactive compounds into some brain
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tructures thought to be involved in memory processes, are able
o disrupt consolidation of an auditory Pavlovian fear condition-
ng response, or the evocation of a conditioned avoiding response
o an ultrasonic tone in rats [35,2]. Procedures such as exposure
f rats to novelty before a memory retention test, facilitates the
etrieval of a one-trial inhibitory avoidance response [23]. This
vidence highly suggests that the three processes involved in
earning have separate regulations.

Previous evidence from our laboratory has shown that the
istaminergic neurons of the hippocampus are involved in acqui-
ition and retrieval of a conditioned active avoidance response
nduced by an ultrasonic tone [1–4]. These data gave support
o the idea that histamine is at least one of many neurotrans-

itters that regulates the process of learning. In the present
eport it was studied if histamine into the ventral hippocam-
al neurons is able to modify the consolidation phase of the
earning of an active avoidance response to an ultrasonic tone in
ats.

. Materials and methods

.1. Animals

Male rats of the Holzman-derived colony, weighting 250–300 g, 90 days
ld and maintained in thermoregulated (22–24 ◦C) and light controlled condi-
ions (06.00–20.00 h) were used. Standard rat chow and water were available ad
ibitum.

.2. Implantation procedures
Animals were anesthetized with ether and unilaterally implanted with guide
teel cannulae (23 gauge, 15 mm length into the caudal ventral hippocampus, as it
as described elsewhere) [1–3]. After implantation rats were caged individually

nd remained at rest for at least 72 h.

ig. 1. Schematic diagram of the experimental setup of the experiments performed i
raining and one for testing.
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.3. Drugs

Histamine dihydrochloride (HA, Sigma Chemical Co., U.S.A.), as target
rug; pyrilamine maleate (PYR, Sigma Chemical Co, U.S.A.) and ranitidine
RAN, R.B.I., U.S.A.), as specific antagonists of histamine receptors, freshly
repared in saline solution were used.

.4. Experimental schedule

The conditioned active avoiding response to an ultrasonic 40 kHz tone was
sed as experimental model of learning and memory. Animals were trained
n a two-compartment wooden cage painted black with a wall separating both
ompartments. Animals may pass from compartment 2 (the punishment box) to
ompartment 1 (the safe box) through a swinging door that can be locked in its
lace. Rats were conditioned to escape through by opening the door after the
ltrasonic sine-wave tone was on, as it was described in detail elsewhere [1].
raining sessions included 8 trials with a maximum duration of 4.5 min each.
ollowing suggestions of the Institution Board for experimental animal care, rats
ere minimally exposed to the current shock, and if animals did not pass after a

econd current pulse (25 �A maximum), trial was terminated, and rats returned
o the resting compartment. Experiments were performed in two stages:

tage 1 Learning the avoiding response: implanted animals were put in groups
of five into compartment 2 with the communicating door unlocked so
rats could pass freely from one side to the other one. No electric shock
neither ultrasonic tone was given at this time. The purpose of this stage
was familiarization of the testing environment in order to diminish the
novelty at later time. The period of adaptation to the cage lasted about
15 min. Twenty four hours later; rats were individually subjected to the
learning schedule (training session 1). At the following day they were
subjected to the 8 trials schedule again (training session 2). At the end
of this session, rats usually got a conditioned avoiding response (CAR)
of at least 70%. Animals with poor performance (less than 70% CAR)
were discarded and not included in the experiments. At the end of the
eighth training trial of session 2 rats were microinjected into the ventral

hippocampus with saline (Sal), HA or RAN in a total volume of 1 �l
of saline solution, as previously described [1–3]. Microinjection pulse
lasted about 15–20 s.

A diagram describing the experimental schedule is shown in Fig. 1.

n the present study. A total of 3 sessions were done in all experiments, two for
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Fig. 2. Consolidation of an avoiding response to an ultrasonic tone in rats bearing hippocampus microinjection cannulae implants and treated with various doses of
histamine. (A) Latency curves. Histamine or saline treatments immediately after session 2 were over. (B) % of correct avoiding responses curves of animals shown
i contr
c in aft
s ective
f

S

2

1

2

3

n (A). **p < 0.01 vs. the respective control point. * p < 0.05 vs. the respective
ontrol curve, p < 0.01. (C) Latency curves. Histamine or saline treatments 15 m
hown in (C). **p < 0.01 vs. the respective control point. *p < 0.05 vs. the resp
rom control curve, p < 0.01.

tage 2 Testing retrieval of the conditioned response: twenty-four hours after
finalizing the 2 days training period, animals were tested once more in
a new session of 8 trials. Neither experimental procedure, nor injec-
tions to the ventral hippocampus were performed at this stage. Animals
were simply tested for the avoiding response. After the testing was con-
cluded, rats were sacrificed by ether excess and their brains dissected
out for histological verification of sites of implants as described earlier
[1–3].

.4.1. Experiments
The following experiments were performed:

. Effect of histamine into the ventral hippocampus on the consolidation of the
avoiding response to an ultrasonic tone immediately after training. In this
experiment the possible effect of histamine administration on the consolida-
tion of the avoiding response to an ultrasonic tone was investigated. A total of

48 implanted rats were used. The following groups were formed: (1) control
animals (Sal, n = 12), receiving only 1 �l of saline solutions in the microinjec-
tion schedule; (2) histamine-treated animals, dose 9 nmol/�l (HA9, n = 12);
(3) histamine-treated animals, dose 45 nmol/�l (HA45, n = 10); histamine-
treated animals, dose 90 nmol/�l (HA90, n = 14). At the end of the training
ol point. **. . .], all trials with exception of trial 1 significantly different from
er session 2 was ended. (D) % of correct avoiding responses curves of animals
control point. **. . .], all trials with exception of trial 1 significantly different

period (Fig. 1), all rats were immediately microinjected into the ventral
hippocampus with saline or the different doses of histamine, according to
the experimental groups. No further treatment was performed and animals
remained at rest up to the following day. Doses of histamine and its antago-
nists were found previously to affect specifically learning [1,2]. Thus, in the
present study it was decided to use the same doses.

. Effect of histamine into the ventral hippocampus on the consolidation of the
avoiding response to an ultrasonic tone 15 min after training. This experiment
was the same that experiment 1, except that at the end of the second day of
the training period, saline and histamine treatment were performed 15 min
after ending of the eighth trial. A total number of 42 rats were used. Groups
were: Sal (n = 11); HA9 (n = 10); HA45 (n = 11) and HA90 (n = 10).

. Effect of histamine and histamine receptors antagonists on the consolidation
of the avoiding response to an ultrasonic tone immediately after training.
In this experiment, the possible participation of H1- or H2-histamine recep-
tors on the consolidation of the avoiding response to the ultrasonic tone
after a chemical stimulation with histamine of the ventral hippocampus was

investigated. Antagonists were microinjected into the hippocampus 15 min
after the finalization of the eighth trial of the second training session (time
15 min). At the next 5 min (20 min after the ending of the training period),
rats were microinjected once again with saline or 9 nmol of histamine (time
20 min). In this schedule, animals had to be injected into the hippocampus
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Fig. 3. Consolidation of an avoiding response to an ultrasonic tone in rats bearing hippocampus microinjection cannulae implants, and treated with various doses
o curv
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f histamine antagonists and histamine, immediately after training. (A) Latency
esponses curves of animals shown in (A). **p < 0.01 vs. the respective point of g
D) % of correct avoiding responses curves of animals shown in (C). **p < 0.0
A90 curve.

twice. A total number of 46 rats were used. Groups were: Sal + Sal, rats
microinjected with 1 �l of saline at times 15 and 20 (n = 6); Sal + HA9, ani-
mals microinjected with 1 �l of saline at times 15 and 9 nmol HA/�l at time
20 (n = 9); PYR9 + HA, animals microinjected with 9 nmol pyrilamine/�l
at time 15, and with 9 nmol of histamine at time 20 (n = 6); PYR45 + HA,
animals microinjected with 45 nmol of pyrilamine/�l at time 15, and 9 nmol
of histamine/�l at time 20 (n = 5); RAN9 + HA, animals microinjected with
9 nmol of ranitidine/�l at time 15, and 9 nmol of histamine/�l at time 20
(n = 12) and RAN45 + HA, rats microinjected with 45 nmol of ranitidine/�l
at time 15, and with 9 nmol of histamine/�l at time 20 (n = 8). Preliminary
groups with histamine antagonists alone were also tested. However, their
performances were not different from control Sal + Sal. Thus, these results
were not included.

.5. Statistics
Medians of latency to escape or CAR for the different groups were analyzed
y the Non-parametric Multiple Comparisons Test of Dunn [12], since variables
ere found non-parametric. A probability value of less than 0.05 was considered

s statistical significant.

s
i
o
a

es of animals treated with pyrilamine and histamine. (B) % of correct avoiding
Sal + HA9. (C) Latency curves of animals treated with ranitidine and histamine.
he respective point of group Sal + HA9. Note that HA45 curve coincides with

. Results

Histological inspection of coronal 10%-formaldehyde fixed
ections revealed that the localized microinjections were found
nto the medial ventral portion of the hippocampus. According
o this, the area of the chemical stimulation included part of the
entate area and subiculum complex, covering the CA1–CA4
ells zone (results not shown). Therefore, the stimulated zone
as about the same of that of previous experiments [1–3].

.1. Experiment 1 (Fig. 2A and B)

Fig. 2(A) shows the latency to escape from the electric

hock after the ultrasonic tone was on, in rats microinjected
nto the ventral hippocampus with saline or increasing doses
f histamine. As shown, control animals (Sal group) displayed
median latency of about 33 s at the first trial. From there
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Table 1
Experiment no. 1

Group Session Trials

1 2 3 4 5 6 7 8

(A) Latency to escape (s)
Sal 1 51.80 ± 10.0 56.3 ± 8.1 40.1 ± 7.0 34.1 ± 3.7 32.2 ± 3.5 32.6 ± 4.2 32.0 ± 5.7 31.9 ± 4.3

2 37.7 ± 1.8 28.0 ± 4.4 11.7 ± 3.9 6.30 ± 3.2 3.80 ± 0.7 8.10 ± 3.5 3.30 ± 1.7 3.20 ± 2.7
HA9 1 55.5 ± 11.0 56.4 ± 11.9 48.5 ± 10.2 36.4 ± 11.2 36.0 ± 5.2 35.0 ± 4.7 8.20 ± 6.0 24.8 ± 4.9

2 34.9 ± 1.4 32.5 ± 3.8 31.9 ± 4.8 19.0 ± 4.0 8.80 ± 3.5 6.60 ± 2.3 5.80 ± 3.4 5.20 ± 1.4
HA45 1 57.5 ± 12.8 43.5 ± 7.8 35.70 ± 3.9 34.30 ± 2.8 34.20 ± 4.8 33.00 ± 5.5 7.80 ± 5.9 21.90 ± 5.1

2 36.8 ± 3.7 24.80 ± 4.2 21.30 ± 4.6 9.10 ± 4.6 7.30 ± 5.4 5.40 ± 3.4 7.20 ± 2.7 6.50 ± 1.6
HA90 1 120 ± 14.5 47.80 ± 10.4 40.00 ± 11.9 34.00 ± 10.9 34.00 ± 4.7 36.90 ± 4.5 27.60 ± 4.5 31.40 ± 4.3

2 35.80 ± 3.3 16.10 ± 3.6 9.20 ± 4.1 9.60 ± 3.6 4.60 ± 2.8 6.80 ± 3.6 5.20 ± 3.6 4.60 ± 2.6

(B) Memory efficiency (% CAR)
Sal 1 0 ± 0 0 ± 0 0 ± 2.8 0 ± 3.6 0 ± 4.4 0 ± 6 7.1 ± 6.4 12.5 ± 6.1

2 0 ± 0 25 ± 7.2 33.3 ± 7.3 50 ± 6.2 60 ± 5 66.7 ± 4.6 71.4 ± 4 75 ± 3.4
HA9 1 0 ± 0 0 ± 0 0 ± 3.9 0 ± 5.9 10 ± 5.5 16.7 ± 4.4 28.6 ± 3.9 37.5 ± 5

2 0 ± 0 0 ± 7.2 16.6 ± 7.3 25 ± 5.1 40 ± 4.1 50 ± 3.4 57.1 ± 3.4 75 ± 3.3
HA45 1 0 ± 0 0 ± 0 0 ± 5.8 0 ± 6.6 0 ± 7.2 16.7 ± 6 21.4 ± 6.8 25 ± 6.8

2 0 ± 10 50 ± 11.2 50 ± 9.7 50 ± 5.6 60 ± 6 66.7 ± 6.2 71.4 ± 6.5 75 ± 5.7
H 0
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A90 1 0 ± 7.1 0 ± 3.6 0 ± 4.7
2 0 ± 10.1 50 ± 7.1 66.7 ± 9.2

n latency was around 5 s for all subsequent trials. Animals
icroinjected into the hippocampus at the end of their train-

ng period 24 h earlier with 9 nmol or 90 nmol of histamine,
isplayed a higher latency significantly different from control
alues at trials 2 and 3 (Fig. 2A, p < 0.01). Rats that received
5 nmol of histamine, however showed a latency curve pattern
ot significantly different from control (Fig. 2A). When learning
fficiency was examined (Fig. 2B), control animals showed an

teady increasing curve reaching about 87% at trial 8. All groups
reated with histamine showed a significantly lower efficiency
urve than control. For rats microinjected with 45 nmol of his-
amine, CAR curve was statistically lower than control at trials

t
a
(
t

able 2
xperiment no. 2

roup Session Trials

1 2 3 4

A) Latency to escape (s)
al 1 53.5 ± 12.3 44.8 ± 7.6 38.1 ± 14.9 38.

2 36.4 ± 7.9 31.9 ± 5.8 13.7 ± 5.1 10.
A9 1 50.8 ± 13.4 55.7 ± 6.9 47.2 ± 10.1 34.

2 35.3 ± 4.2 32.2 ± 5.2 20.1 ± 5.1 32.
A45 1 120 ± 8.9 47.9 ± 11.5 38.6 ± 1.9 33.

2 35.7 ± 2.8 32.5 ± 4 33.1 ± 0.5 31.
A90 1 120 ± 15.9 50.6 ± 10.1 35.4 ± 14.9 36.

2 36.0 ± 3.1 32.5 ± 3.7 15.3 ± 4.4 15.

B) Memory efficiency (% CAR)
al 1 0 ± 0 0 ± 5.4 0 ± 4.4

2 0 ± 21.1 50 ± 11.8 66.7 ± 11.1 5
A9 1 0 ± 0 0 ± 0 0 ± 4.1

2 0 ± 17.7 50 ± 14 66.7 ± 8.3 7
A45 1 0 ± 0 0 ± 7.8 0 ± 6.4

2 100 ± 31.6 50 ± 15.8 66.7 ± 10.5 7
A90 1 0 ± 0 50 ± 16 33.3 ± 7.3 5

2 0 ± 0 50 ± 8.6 33.3 ± 7.3 5
± 5.9 20 ± 3.8 16.7 ± 7.1 14.3 ± 5.1 25 ± 4.7
± 7 70 ± 6.6 66.7 ± 5.9 71.4 ± 5.5 75 ± 5

–6 (Fig. 2B). For rats microinjected with 9 nmol of histamine
ignificant lower CAR scores were found at trials 2–6, and for
ats treated with 90 nmol of histamine, with exception of trial 1,
he entire curve was significantly lower than control.

.2. Experiment 2 (Fig. 2C and D)

When treatment began 15 min after the termination of the

raining session at day 2, control animals at day 3 showed

similar latency curve than the one found in experiment 1
Fig. 2C). Histamine treatment on day 2 in the same condi-
ions was able to interfere with the animal’s latency to escape.

5 6 7 8

1 ± 4.8 34.8 ± 3.7 32.6 ± 5.6 7.6 ± 4.7 32.4 ± 4.3
3 ± 3.7 5.11 ± 1.4 6.1 ± 2.7 4.5 ± 2.8 6.3 ± 3.8
8 ± 3.6 36.8 ± 4.5 9.8 ± 5.4 12.8 ± 5.9 22.7 ± 4.3
3 ± 5.1 3.7 ± 2.9 4.8 ± 4.1 4.4 ± 3.1 4.8 ± 2.9
3 ± 8.7 34 ± 4.7 31.7 ± 4.2 34.05 ± 5.5 32.5 ± 4.9
4 ± 5.5 4.5 ± 3.7 13.5 ± 3.6 5.5 ± 1.6 3.46 ± 1.7
5 ± 8.6 33.5 ± 3.1 34.7 ± 5.2 21.9 ± 5 35.4 ± 3
9 ± 3.5 3.6 ± 3 5 ± 2.4 2.90 ± 1.6 4.5 ± 2.2

0 ± 5.8 20 ± 4.9 16.7 ± 4.4 28.6 ± 5.1 25 ± 5.3
0 ± 8.8 60 ± 7.4 66.7 ± 6.2 71.4 ± 5.3 75 ± 5.3
0 ± 7 0 ± 9.3 16.7 ± 7.2 21.4 ± 7.6 25 ± 7.8
5 ± 8.3 80 ± 6.6 83.3 ± 5.5 85.7 ± 4.7 87.5 ± 4.1
0 ± 8.8 20 ± 5 16.7 ± 5.2 28.6 ± 5.5 25 ± 6.4
5 ± 7.9 80 ± 6.3 83.3 ± 5.2 85.7 ± 4.5 87.5 ± 3.9
0 ± 5.4 60 ± 4.6 66.7 ± 4 71.4 ± 3.5 75 ± 3.9
0 ± 5.4 60 ± 4.6 66.7 ± 4 71.4 ± 3.5 75 ± 3
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Table 3
Experiment no. 3

Group Session Trials

1 2 3 4 5 6 7 8

(A) Latency to escape (s)
Sal + Sal 1 55.8 ± 12.5 40.8 ± 9.6 37.0 ± 2.7 34.0 ± 4.5 32.3 ± 4.0 32.5 ± 4.1 22.4 ± 3.5 33.4 ± 4.5

2 32.9 ± 4.5 31.4 ± 3.9 31.5 ± 4.2 16.0 ± 4.0 4.9 ± 2.9 2.3 ± 0.9 6.5 ± 2.1 2.7 ± 3.4
PYR9 + HA9 1 49.8 ± 15.5 44.8 ± 13.4 35.0 ± 3.8 23.6 ± 4.4 33.1 ± 6.4 21.2 ± 6.3 34.6 ± 6.1 32.7 ± 3.9

2 33.5 ± 11.9 8.6 ± 5.2 6.5 ± 3.9 4.0 ± 3.7 2.5 ± 0.5 1.9 ± 2.6 2.4 ± 0.9 4.3 ± 1.1
PYR45 + HA9 1 47.1 ± 8.4 39.3 ± 10.3 38.4 ± 3.9 34.9 ± 5.9 34.4 ± 5.1 15.6 ± 4.7 31.6 ± 4.5 9.9 ± 6.9

2 32.2 ± 10.4 16.4 ± 5.3 32.2 ± 4.3 8.9 ± 5.8 3.4 ± 1.2 5.3 ± 1.0 4.1 ± 3.2 3.9 ± 2.8
RAN9 + HA9 1 54.5 ± 10.3 42.6 ± 10.4 37.8 ± 6.7 38.01 ± 4.2 19.80 ± 4.0 33.90 ± 5.1 34.5 ± 4.7 19.7 ± 2.5

2 36.0 ± 1.1 19.5 ± 4.1 9.1 ± 4.3 4.3 ± 3.7 3.6 ± 2.7 2.80 ± 2.3 3.60 ± 1.5 4.4 ± 1.6
RAN45 + HA9 1 49.2 ± 11.2 40.9 ± 3.5 31.7 ± 5.3 26.9 ± 9.5 31.9 ± 4.9 31.5 ± 5.3 31.7 ± 3.9 32.16 ± 5.3

2 34.5 ± 4.2 21.2 ± 3.8 12.1 ± 4.1 5.2 ± 5.2 11.1 ± 3.3 4.80 ± 2.7 6.80 ± 2.1 6.4 ± 2.5

(B) Memory efficiency (% CAR)
Sal + Sal 1 0 ± 0 0 ± 5.4 0 ± 4.4 0 ± 5.8 20 ± 4.9 16.7 ± 4.4 28.6 ± 5.1 25 ± 5.3

2 0 ± 21.1 50 ± 11.8 66.7 ± 11.1 50 ± 8.8 60 ± 7.4 66.7 ± 6.2 71.4 ± 5.3 75 ± 5.3
PYR9 + HA9 1 0 ± 0 0 ± 0 0 ± 4.1 0 ± 7 0 ± 9.3 16.7 ± 7.2 21.4 ± 7.6 25 ± 7.8

2 0 ± 17.7 50 ± 14 66.7 ± 8.3 75 ± 8.3 80 ± 6.6 83.3 ± 5.5 85.7 ± 4.7 87.5 ± 4.1
PYR45 + HA9 1 0 ± 0 0 ± 7.8 0 ± 6.4 0 ± 8.8 20 ± 5 16.7 ± 5.2 28.6 ± 5.5 25 ± 6.4

2 100 ± 31.6 50 ± 15.8 66.7 ± 10.5 75 ± 7.9 80 ± 6.3 83.3 ± 5.2 85.7 ± 4.5 87.5 ± 3.9
RAN9 + HA9 1 0 ± 0 50 ± 16 33.3 ± 7.3 50 ± 5.4 60 ± 4.6 66.7 ± 4 71.4 ± 3.5 75 ± 3.9

2 0 ± 0 50 ± 8.6 33.3 ± 7.3 50 ± 5.4 60 ± 4.6 66.7 ± 4 71.4 ± 3.5 75 ± 3
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AN45 + HA9 1 0 ± 0 0 ± 4.5 0 ± 8.6
2 0 ± 15.7 50 ± 11.1 66.7 ± 12.2

or 9 nmol histamine dose, latency was significantly higher than
ontrol at trials 1–2. For 45 nmol histamine dose, latency was
ifferent from control at trials 1–3, and for 90 nmol histamine
ose, latency was higher than control at trial 1 (Fig. 2C). When
earning efficiency was examined (Fig. 2D), CAR responses
ere significantly lower than control at trials 2–8 for 9 and
5 histamine doses, and trials 4–5 for 90 nmol histamine
ose.

.3. Experiment 3 (Fig. 3)

Pre-treatment with the H1-histamine antagonist pyrilamine
n doses of 9 nmol or 45 nmol and 9 nmol of histamine on day 2,
as able to block the inhibitory effect of histamine on latency

t trial 2 on day 3 (Fig. 3A). Regarding the learning efficiency,
isplacement of the learning curve to the right at trial 2 was com-
letely blocked with the pretreatment of pyrilamine as shown in
ig. 3(B). Both doses of pyrilamine were effective. Pretreat-
ent with ranitidine in 9 nmol or 45 nmol doses with 9 nmol

f histamine at day 2 was effective also to block the inhibitory
ffect of histamine on latency at day 3 (Fig. 3C). Regarding
earning efficiency, pre-treatment with 9 nmol of ranitidine with
nmol of histamine at day 2, partially blocked the inhibitory
ffect of histamine on CAR responses at day 3 (Fig. 3D). Dose
f 45 nmol ranitidine, was completely effective to block the
istamine effects.

As explained in Section 2 sessions on consecutive days were

erformed in order to achieve learning criteria in rats. Perfor-
ance of sessions 1 and 2 for latency and CAR responses for the

hree experiments is shown in Tables 1–3. As shown, all animals
eached a median latency of about 5 s for latency and about 70%

C
h
T
p

25 ± 6.8 20 ± 6.3 33.3 ± 5.7 42.8 ± 6.7 37.5 ± 6.5
2.5 ± 10.7 70 ± 8.6 75 ± 7.1 78.5 ± 6.1 81.2 ± 5.3

AR at the end of session 2 where treatment with histamine or
istamine antagonists was applied.

. Discussion

Consolidation is considered the final step whereby the mem-
ry trace is converted into a long-term memory in the brain
22,20,28,29]. It is followed that the learning neural circuits
eed to actively invest into an additional process in order to
odify the new information into a permanent register of mem-
ry. Although it is not known exactly the molecular mechanisms
hereby consolidation occurs in neurons, there is agreement that

his process takes some finite time after the “training” period
as been terminated [30]. During this period, several mecha-
isms have been proposed to explain finally the generation of a
ong-term memory [26,9,38,32,43]. Nevertheless, whatever the
ntrinsic mechanism may be, it is known that it is susceptible
o be interfered, impairing the permanency of memory. Previ-
us evidence from our laboratory has shown that hippocampal
istamine modulates the acquisition and recall of an avoiding
esponse to an ultrasonic tone [1–4].

The first point to be determined in the present work was
o know if the neural region of the ventral hippocampus was
he same that those in previous studies. As described, microin-
ections of saline, histamine or histamine antagonists into the
entral hippocampus were made in the central region of the
ippocampal formation. Thus, area of diffusion reached the

A4–CA1 neuronal population, the same region where the
istamine effects were found previously [1–3]. Inspection of
ables 1–3 shows that animals at the end of session 2 in the
resent experimental conditions were able to learn the appro-
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riate avoiding response to the ultrasonic tone. Overall learning
fficiency was about 75% and latency was around 4 s. These two
ariables, although related to learning and memory, are show-
ng however different things. Latency measures the time input
nformation takes to reach the higher brain centers, the inte-
ration of data and the delay of the efferent command signals
o stimulate the appropriate muscle response. Learning effi-
iency on the other hand is an expression of the capacity of
he neural circuits to store new information (memory). Regard-
ng latency, integration requires linking the ultrasonic signal to
he events that come after the ultrasonic tone is over, i.e. the elec-
ric shock. Thus, in order to avoid it, rats must show an escape
esponse to the next compartment through the unlocked door.
f latency (L) is represented in simplified mathematical terms,
hen L = tINPUT + tINT + tOUTPUT; where tINPUT = time the affer-
nt signal takes to reach the higher brain centers, tINT = time the
eural circuits (including the hippocampus) take to integrate the
ontext events and tOUTPUT = time that the efferent command
rom the motor cortex takes to reach the muscles of the ani-
al to give the behavioral response. It is thought that tINPUT

nd tOUTPUT remain about the same during the training period,
ince they depend mainly on the neurophysiologic characteris-
ics of the sensory receptors and the nerves of the animal, and it is
ssumed to be constant. Thus, variation of latency during repeat-
ng trials, must reflects mainly the time needed to associate the
timulus (the ultrasonic tone) to punishment (the electric shock)
n the rat’s brain. After the task has been acquired (sessions 1 and
) in the present experimental design tINT decreased to less than
s, since latency was around 5 s in control animals (Fig. 2A).
he application of histamine immediately after trials were over
t session 2, significantly affected latency 24 h later during the
ecall session (Fig. 2A). This evidence suggests that the activa-
ion of histamine-sensitive neurons of the ventral hippocampus
uring the onset of consolidation of the avoiding response inter-
ered with the process. It is interesting to note that the inhibitory
ffect of histamine at this stage is dissipated eventually by repeti-
ion of trials, thus after trial 3, the latency curve of those animals
reviously treated with histamine behaved as control (Fig. 2A).
t can be speculated that the interference by histamine into the
entral hippocampus neurons delayed or interrupted the nor-
al course of the consolidation mechanism in such a way that

4 h later, the system needed to reinforce or restart the learning
hase in order to the avoiding response is acquired. This inter-
retation is supported by the displacement of the latency curve
o the right and the lower learning efficiency scores observed in
he histamine-treated animals (Fig. 2A and B). It is not known
ow the type of task influences the timing of the consolidation
rocess, but since it is thought that consolidation may take at
east 2 h for some determined tasks [30,21,33], it was not sur-
rising that histamine applied 15 min after the training period in
ession 2, still interfered latency and CAR responses 24 h later.
ince longer times for microinjections of histamine on session
were not applied, it was not possible in the present work to
ave an idea of the exact duration of the consolidation of the
voidance response in our experimental conditions. Examining
esults from experiment 3 (Fig. 3), it is evident that blocking
he hippocampal histamine H1- or H2-receptors, the histamine
Brain Research 189 (2008) 92–99

reatment was not able to impair the consolidation of the avoid-
ng response 24 h later. Data suggest that hippocampal histamine

1- and H2-receptors participate in the modulation of the his-
amine effect. However, it is necessary the activation of both
ypes of receptors in order to the inhibitory effect of histamine
s present. Present results complete the study in our laboratory
bout the participation of the hippocampal histamine neurons
n the learning of an active conditioned avoiding response.
n our experimental conditions, it was found that histamine
nhibits the three stages of learning of the avoiding response;
vocation [1,2]; acquisition [3]; consolidation (present results).
egarding the role that the histaminergic systems have on cog-
itive mechanisms, opposing actions for histamine on learning
nd memory processes have been described, and facilitatory or
nhibitory effects have been found [24,44,31,11,19,39,7,25,13].
his apparent contradictory evidence for the same neural func-

ion is not surprising, since histamine has complex actions on
eurons. Stimulation of H1-histamine receptors can activate the
q/11 GTP-hydrolyzing protein which activates phospholipase
, which hydrolyzes phosphatidyl-4,5-bisphosphate, generating

wo second messengers DAG and IP3 [27,6,16]. Final responses
o these intracellular mediators produce varying cell effects
ncluding inhibitory actions, such as blocking of the leak K+

urrent [16], opening of the small conductance K+ channels,
esulting in hyperpolarization and inhibition of the pyrami-
al cells in the hippocampus [41,36]; or stimulatory actions,
uch as cation-channel depolarizations [6,16]. Activation of H2-
istamine receptors follows a similarly complex activation of
ntracellular mediators [16]. It is difficult to predict a determined
ction for histamine starting from the simple binding to an H1-
r H2-receptor in some determined neuron in a brain circuit,
ince neurons interactions such as an stimulation of an inhibitory
nterneuron, a positive effect is transformed into an inhibitory
ffect. Thus, it is possible to find inhibitory or facilitatory
ehavioral effects in experiments using whole animals where
istamine pharmacology has been studied after peripherical,
ntracerebroventricular or localized brain injections in differ-
nt experimental designs. Present results support the inhibitory
ctions of histamine found in previous studies of this laboratory
1–4], and in addition to the evidence reported from some other
uthors [19,11,25], the concept that histamine neuronal systems
xert important modulatory actions on the learning and memory
unctions in the brain has gained strong experimental support.
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