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Social recognition memory (SRM) is crucial for reproduction, forming
social groups, and species survival. Despite its importance, SRM is
still relatively little studied. Here we examine the participation of
the CA1 region of the dorsal hippocampus (CA1) and the basolateral
amygdala (BLA) and that of dopaminergic, noradrenergic, and his-
taminergic systems in both structures in the consolidation of SRM.
MaleWistar rats received intra-CA1 or intra-BLA infusions of different
drugs immediately after the sample phase of a social discrimination
task and 24-h later were subjected to a 5-min retention test. Animals
treated with the protein synthesis inhibitor, anisomycin, into either
the CA1 or BLA were unable to recognize the previously exposed
juvenile (familiar) during the retention test. When infused into the
CA1, the β-adrenoreceptor agonist, isoproterenol, the D1/D5 do-
paminergic receptor antagonist, SCH23390, and the H2 histamin-
ergic receptor antagonist, ranitidine, also hindered the recognition
of the familiar juvenile 24-h later. The latter drug effects were
more intense in the CA1 than in the BLA. When infused into the
BLA, the β-adrenoreceptor antagonist, timolol, the D1/D5 dopamine
receptor agonist, SKF38393, and the H2 histaminergic receptor ago-
nist, ranitidine, also hindered recognition of the familiar juvenile 24-h
later. In all cases, the impairment to recognize the familiar juvenile
was abolished by the coinfusion of agonist plus antagonist.
Clearly, both the CA1 and BLA, probably in that order, play major
roles in the consolidation of SRM, but these roles are different in
each structure vis-à-vis the involvement of the β-noradrenergic,
D1/D5-dopaminergic, and H2-histaminergic receptors therein.
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Social recognition memory (SRM) is essential for social inter-
action, adaptive social behavior, reproduction, and survival

(1–6). In rodents, SRM is assessed by using their natural tendency
to investigate unfamiliar conspecifics more persistently than fa-
miliar ones in what has become known as the social-discrimination
paradigm (3, 5, 7–9). This discrimination relies largely on odor
recognition by rodents, called by many “social odor” (10). Other
sensory are deemed much less important for social recogni-
tion (10, 11).
To establish whether a given brain structure or cellular en-

semble is important for a given type of behavior, the effect of
protein synthesis inhibition in that structure on the particular
behavior is often measured; if a deleterious effect is found, then
the structure is assumed to play a role in that behavior (for ex-
ample, see refs. 3 and 12). After this process, some key bio-
chemical processes related to protein synthesis would be studied
(13, 14). In the case of SRM, Kogan et al. (3) showed that, in
mice, SRM is dependent upon protein synthesis and cyclic
adenosine monophosphate responsive-element-binding protein
(CREB) function in the hippocampus. Given the fact that the
hippocampus and the basolateral amygdala (BLA) work in close
association in the making and the regulation of many types of
memory (13–17), we decided to study the participation of both

structures in SRM. Historically, the next step to ascertain a pu-
tative brain mechanism in a behavior is to examine the eventual
role of known neurotransmitters in those structures within the
mechanism (13, 15).
Classic neurotransmitters, such as norepinephrine, dopamine,

and histamine, have been suggested to play a role on SRM; the
pharmacological elevation or depletion of norepinephrine in the
central nervous system, respectively, enhances or disrupts social
recognition in rats (18). The direct infusion of the norepinephrine
reuptake inhibitor, nisoxetine, into the olfactory bulb improves
the ability of rats to identify conspecifics (19) and dopamine
β-hydroxylase knockout mice that are unable to synthetize nor-
epinephrine show a SRM deficit (20). These findings suggest that
norepinephrine plays an important role in the formation of SRM
but there is a notable lack of knowledge about the role of the nor-
epinephrine receptors involved, especially the β-adrenoreceptors,
which have been shown to be important for other types of rec-
ognition memory: for example, object recognition (21–24) and
odor recognition (25–29).
There is also evidence that SRM can be modulated by dopa-

mine. During social interaction dopaminergic neurotransmission
in the nucleus accumbens is enhanced (30, 31). Systemic ad-
ministration and direct infusion into the nucleus accumbens or
into the frontal cortex of D1 dopamine receptor agonist im-
proves SRM (32, 33) but systemic injection of D1 dopamine
receptor antagonist disrupts social learning (32, 34). Evidence
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shows that the dopamine type 1 receptor is important for social
interaction (35) and object-recognition memory (21). H1, H2,
and H3 histamine receptors are important for object-recognition
memory (36). Furthermore, the intracerebroventricular infusion
of histamine, histidine, and H3 histamine receptor agonist im-
proves SRM, whereas the central inhibition of neuronal synthesis
of histamine and H3 histamine receptor antagonist hinders this
memory (37).
In view of the above considerations, the present study ad-

dresses two issues: the first concerns the role of the CA1 region

of the dorsal hippocampus and the BLA, and the second ad-
dresses the role of the major norepinephrine, dopamine, and
histamine receptors in those structures in the consolidation of
SRM. We investigated first the effect of the protein synthesis
inhibitor, anisomycin (Ani), on SRM when infused into the CA1
or the BLA. Subsequently, we studied the participation of
β-adrenergic, D1/D5 dopamine, and H2 histamine receptors on
the consolidation of SRM by infusing their agonists and antag-
onists into the CA1 or BLA.

Results
Effect of Ani Given into the CA1 or the BLA on the Consolidation of
SRM.Animals received intra-CA1 or intra-BLA microinfusions of
vehicle (Veh) or Ani (100 μg per side) immediately after the
sample phase of a social discrimination task and 24-h later were
subjected to a 5-min retention test. As shown in Fig. 1, animals
that received Veh into the CA1 (Fig. 1A) or the BLA (Fig. 1B)
immediately after the sample phase were able to recognize the
familiar juvenile 24-h later [one-sample t test: (Fig. 1A) Veh t(9) =
3.577, P < 0.01; (Fig. 1B) Veh t(8) = 4.124, P < 0.01]. In contrast,
animals that received intra-CA1 infusions of Ani spent about the
same time exploring the novel (N) and the familiar (F) juveniles
[one-sample t test: (Fig. 1A) Ani t(9) = 0.3542, P > 0.1] during
the retention test. Additionally, animals that received Ani into
the BLA spent more time exploring the familiar juvenile than the
novel one [one-sample t test: (Fig. 1B) Ani t(7) = 2.306, P > 0.05]
during the retention test. These results suggest that animals
treated with Ani in either structure were unable to recognize the
familiar juvenile 24-h after the sample phase. One-way ANOVA
showed significant differences among groups [CA1: F(3, 36) =
6.952, P < 0.001; BLA: F(3, 30) = 18.95, P < 0.0001]. Bonferroni
posttest revealed significant differences between Veh-N and
Ani-N groups on the retention test when infused with intra-CA1
(P < 0.05) or intra-BLA (P < 0.001) immediately after the
sample phase. The results obtained using Ani infusions suggest
that the CA1 and BLA are both involved in the consolidation
of SRM.

Effect of β-Adrenoreceptor Antagonist and Agonist Given into the
CA1 or the BLA on the Consolidation of SRM. Immediately after
the sample phase of the social discrimination task, animals re-
ceived infusions of Veh, Timolol (Tim, 1.0 μg per side), or Iso-
proterenol (Iso, 10.0 μg per side), β-adrenoreceptor antagonist,
and agonist, respectively, intra-CA1 or intra-BLA. Twenty-four

Fig. 1. Effect of Ani given into the CA1 or BLA on the consolidation of SRM.
The schematic representation on the top of the figure shows the behavioral
protocol used in this and in the following experiments. Animals were sub-
jected to a social discrimination task and, immediately after the sample phase,
received intra-CA1 (A; 1 μL per side) or intra-BLA (B; 0.5 μL per side) infusions of
vehicle (Veh) or Ani (100 μg per side). Twenty-four hours later, animals were
subjected to a 5-min retention test in the presence of the familiar juvenile (F)
and a novel one (N). Dots indicate the theoretical mean of 50%. Data are
expressed as mean ± SEM (n = 8–10 animals per group) and presented as
percentage of total exploration time. *P < 0.05 and ***P < 0.001 Veh-N vs.
Ani-N, Bonferroni’s Multiple Comparison test after one-way ANOVA.

Fig. 2. Effect of β-adrenoreceptor antagonist and agonist infused into the CA1 or into the BLA on the consolidation of social recognition memory. Animals
were subjected to a social discrimination task and immediately after the sample phase received intra-CA1 (A; 1 μL per side) or intra-BLA (B; 0.5 μL per side)
infusions of vehicle (Veh), Tim (1.0 μg per side), or Iso (10.0 μg per side) or coinfusion of Timolol plus Isoproterenol (Tim+Iso). Twenty-four hours later, animals
were subjected to a 5-min retention test in the presence of the familiar juvenile (F) and a novel one (N). Dots indicate the theoretical mean of 50%. Data are
expressed as mean ± SEM (n = 8–12 animals per group) and presented as percentage of total exploration time. *P < 0.05 Veh-N vs. Iso-N (CA1), Veh-N vs. Tim-N
(BLA), Bonferroni’s Multiple Comparison test after one-way ANOVA. In this and in Fig. 3, note that the drug effects were more intense in the CA1 than in
BLA, probably indicating a larger importance of the former in modulation of this behavior both by noradrenergic receptors (this figure) and dopaminergic
receptors (Fig. 3).
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hours later, the animals were subjected to a 5-min retention test.
As shown in Fig. 2, animals that received intra-CA1 or intra-BLA
infusion of Veh or infusions of Tim intra-CA1 [one-sample t test:
(Fig. 2A) Tim t(11) = 4.329, P < 0.01] or infusions of Iso intra-BLA
[one-sample t test: (Fig. 2B) t(7) = 2.873, P < 0.05] were able to
recognize the familiar juvenile [one-sample t test: (Fig. 2A) Veh
t(10) = 11.56, P < 0.0001; (Fig. 2B) Veh t(8) = 7.195, P < 0.0001]
during the retention test. On the other hand, animals that re-
ceived infusions of Iso intra-CA1 [one-sample t test: (Fig. 2A) Iso
t(9) = 0.1482, P > 0.05] or Tim intra-BLA [one-sample t test: (Fig.
2B) Tim t(7) = 0.1401, P > 0.05] were unable to recognize the
previously exposed juvenile during the retention test. This im-
pairment in the ability to discriminate between familiar and
novel juveniles was abolished by the coinfusion of Tim plus Iso
into the CA1 [one-sample t test: (Fig. 2A) Tim+Iso t(7) = 3.416, P <
0.05] or into the BLA (one-sample t test: (Fig. 2B) Tim+Iso t(8) =
3.142, P < 0.05]. One-way ANOVA showed significant differences
between groups [CA1: F(3, 37) = 3.145, P < 0.05; BLA: F(3, 30) =
3.459, P < 0.05]. Bonferroni posttest revealed significant dif-
ferences between Veh-N and Iso-N groups in CA1 (P < 0.05)
and between Veh-N and Tim-N in the BLA (P < 0.05) on the
retention test. The effects of the drugs in the CA1 were larger
than those in the BLA, suggesting a higher importance of the
former in the regulation of this behavior.

Effect of D1/D5 Dopamine Receptor Antagonist and Agonist Given
into the CA1 or the BLA on the Consolidation of SRM. Animals re-
ceived intra-CA1 or intra-BLA infusions of Veh, D1/D5 dopa-
mine receptor antagonist SCH23390 (SCH, 1.50 μg per side), or
D1/D5 dopamine receptors agonist SKF38393 (SKF, 12.5 μg per
side) or coinfusion of SCH23390 plus SKF38393 (SCH+SKF)
immediately after the sample phase of a social discrimination
task and were subjected to a retention test 24-h later. As shown
in Fig. 3, animals that received intra-CA1 or intra-BLA infusions
of Veh [one-sample t test: (Fig. 3A) Veh t(11) = 13.18, P < 0.0001;
(Fig. 3B) Veh t(11) = 4.955, P < 0.001], intra-CA1 infusion of
SKF38393 [one-sample t test: (Fig. 3A) SKF t(10) = 4.037, P <
0.01], or intra-BLA infusion of SCH23390 [one-sample t test:
(Fig. 3B) SCH t(11) = 2.696, P < 0.05] were able to recognize the
previously exposed juvenile 24-h after the sample phase. How-
ever, animals that received infusion of SCH23390 intra-CA1
[one-sample t test: (Fig. 3A) SCH t(8) = 0.04324, P > 0.05] or
SKF38393 intra-BLA [one-sample t test: (Fig. 3B) SKF t(11) =
0.4073, P > 0.05] spent a similar amount of time exploring the
novel and the familiar juveniles during the retention test. This
inability to discriminate between familiar and novel juvenile was
abolished by the combined infusion of SCH23390 plus SKF38393
into the CA1 [one-sample t test: (Fig. 3A) SCH+SKF t(11) =
3.026, P < 0.05] or into the BLA [one-sample t test: (Fig. 3B)
SCH+SKF t(11) = 3.556, P < 0.01]. One-way ANOVA indicated

Fig. 3. Effect of D1/D5 dopamine receptors antagonist and agonist infused into the CA1 or into the BLA on the consolidation of social recognition memory.
Animals were subjected to a social discrimination task and immediately after the sample phase received intra-CA1 (A; 1 μL per side) or intra-BLA (B; 0.5 μL per
side) infusions of vehicle (Veh), SCH23390 (SCH; 1.50 μg per side) or SKF38393 (SKF; 12.5 μg per side), or coinfusion of SCH23390 plus SKF38393 (SCH+SKF).
Twenty-four hours later, animals were subjected to a 5-min retention test in the presence of the familiar juvenile (F) and a novel one (N). Dots indicate the
theoretical mean of 50%. Data are expressed as mean ± SEM (n = 9–12 animals per group) and presented as percentage of total exploration time. *P < 0.05
Veh-N vs. SKF-N (BLA); **P < 0.01 Veh-N vs. SCH-N, Bonferroni’s Multiple Comparison test after one-way ANOVA.

Fig. 4. Effect of H2 histamine receptors antagonist and agonist infused into the CA1 or into the BLA on the consolidation of social recognition memory.
Animals were subjected to a social discrimination task and immediately after the sample phase received intra-CA1 (A; 1 μL per side) or intra-BLA (B; 0.5 μL per
side) infusions of vehicle (Veh), Rani (17.5 μg per side), or Dima (2.3 μg per side), or coinfusion of Rani plus Dima (Rani+Dima). Twenty-four hours later, animals
were subjected to a 5-min retention test in the presence of the familiar juvenile (F) and a novel one (N). Dots indicate the theoretical mean of 50%. Data are
expressed as mean ± SEM (n = 8–12 animals per group) and presented as percentage of total exploration time. *P < 0.05 Veh-N vs. Rani-N, Bonferroni’s
Multiple Comparison test after one-way ANOVA.
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difference between groups [CA1: F(3, 40) = 3.592, P < 0.05; BLA:
F(3, 45) = 3.155, P < 0.05]. Bonferroni’s posttest revealed dif-
ferences between Veh-N and SCH-N in the CA1 (P < 0.01) and
between Veh-N and SKF-N in the BLA (P < 0.05) on the re-
tention test. Again, drug effects in the CA1 were larger than
those in the BLA, suggesting that the former is probably more
important than the latter in the regulation of this behavior.

Effect of H2 Histamine Receptor Antagonist and Agonist Given into
the CA1 or the BLA on the Consolidation of SRM. Animals received
intra-CA1 or intra-BLA infusions of Veh or of an antagonist and
an agonist of the H2 histamine receptor, Ranitidine (Rani, 17.5 μg
per side) and Dimaprit (Dima, 2.3 μg per side), respectively,
immediately after the sample phase of a social discrimination
task. Twenty-four hours later animals were subjected to a 5-min
retention test. As shown in Fig. 4, animals that received infusions
intra-CA1 or intra-BLA of Veh [one-sample t-test: (Fig. 4A) Veh
t(10) = 9.382, P < 0.0001; (Fig. 4B) Veh t(11) = 7.303, P < 0.0001]
or Dima [one-sample t test: (Fig. 4A) Dima t(9) = 2.549, P < 0.05;
(Fig. 4B) Dima t(11) = 2.708, P < 0.05] spent significantly more
time exploring the novel juvenile than the familiar one during the
retention test. However, animals that received infusion of Rani
[one-sample t test: (Fig. 4A) Rani t(9) = 0.06443, P > 0.05; (Fig.
4B) Rani t(7) = 0.2364, P > 0.05] into the CA1 or into the BLA
were unable to recognize the familiar juvenile 24-h after the
sample phase. However, when animals received coinfusion of
Rani plus Dima [one-sample t test: (Fig. 4A) Rani+Dima t(10) =
2.524, P < 0.05; (Fig. 4B) Rani+Dima t(7) = 3.218, P < 0.05]
intra-CA1 or intra-BLA explored the novel juvenile for longer
than the familiar one during the retention test. One-way ANOVA
showed significant differences among groups [CA1: F(3, 38) =
2.872, P < 0.05; BLA: F(3, 36) = 3.075, P < 0.05]. Bonferroni’s
posttest revealed differences between groups Veh-N and Rani-N
in CA1 and BLA on the retention test (P < 0.05). These results
suggest that H2 histaminergic receptors in both the CA1 and
BLA are involved in the consolidation of SRM.
Importantly, no differences were found between the CA1 groups

[F(10, 136) = 1.740, P = 0.0778] and BLA groups [F(10, 130) = 1.837,
P = 0.0603] in total exploration time during the retention test
(Table 1). These results suggest that the doses of the drugs used
did not affect motor skills or basal motivation to explore
the juveniles.

Discussion
Concerning whether the CA1 and BLA play a role in SRM, our
findings show that Ani given into the CA1 region of the dorsal
hippocampus or into the BLA impairs the consolidation of SRM.
Given the connections between the various amygdala subnuclei

(38), our data fit with those of Gur et al. (39), showing that Ani
given into the medial amygdala disrupts SRM, and with those of
Wang et al. (40), who showed that lesion of the medial or
basolateral amygdala impairs social but not other types of rec-
ognition in mice.
The data of Figs. 2–4 lead to several conclusions on the role of

β-adrenoreceptors, D1/D5 dopamine receptors, and H2 hista-
mine receptors in the modulation of SRM consolidation. In the
CA1, Iso inhibits SRM, but because Tim has no effect of its own
in that structure, the modulation of SRM by β-adrenoreceptors
probably does not occur physiologically. In contrast, in the BLA,
the data suggest that β-adrenoreceptors are probably useful to
sustain SRM physiologically, because Tim on its own is depres-
sant, even though Iso given alone seems without effect (Fig. 2).
Concerning dopamine D1/D5 modulation of SRM in the CA1,
the inhibitory effect of SCH suggests that this modulation may
take place physiologically, but SKF has no action on its own in
that structure (Fig. 3). At any rate, the effects of drugs acting on
β- and on D1/D5 receptors show that concerning these receptors,
the CA1 and BLA do not act in unison but instead play differ-
ential modulatory functions. Such differences between structures
are not uncommon with β-adrenoreceptors (see ref. 41) as well
as with D1/D2 receptor actions (see refs. 32 and 33). The data on
H2 histamine receptor regulation of SRM suggest that it exists
physiologically in both the CA1 and BLA (Fig. 4), as is the case
with the modulation by H2 histamine receptors of several other
types of memory in these and in other brain structures (42).
Wang et al. (40) demonstrated the participation of the dorsal

hippocampus and the BLA in SRM. As will be seen, although
our results generally agree with this finding, they suggest dif-
ferent roles for each of these structures. Despite the fact that
some studies have failed to show any contribution of the hip-
pocampus to social memory (43–45), a recent review of opto-
genetic studies showed that a connection between the BLA and
hippocampus is strongly involved in SRM and social behaviors
(46). Indeed, a recent optogenetic study in mice showed that
activation of the BLA–medial prefrontal cortex pathway reduced
social interaction in the resident-intruder test, whereas inhibition
facilitated social interaction. These results establish a causal
relationship between activity in the BLA–medial prefrontal
cortex pathway in the bidirectional modulation of anxiety-related
and social behaviors (47).
Stevenson and Caldwell (48) and Hitti and Siegelbaum (49)

demonstrated that the CA2 region of the hippocampus is im-
portant for SRM. The CA2 region serves as a link between CA1
and CA3 (50) and it would seem likely that perhaps the whole
hippocampus may be necessary for the formation of social
memory; further research is required. Thirty years ago Corkin
et al. (51) suggested a role for the hippocampus in social rec-
ognition in humans.
Findings on animal social behavior are often taken to bear on

the study of human autism and other disorders involving social
behavior (see, for example, ref. 46). Our results may bear on
studies on autism reporting a link of impaired facial recognition
(52), which has been attributed to abnormalities in the volume of
the amygdala and so very probably in its microscopic organiza-
tion, leading to dysregulated activity (53–59). Some have shown
that autistic individuals may present a reduction of the volume of
the amygdala during development but not in adulthood, in
contrast with the increased hippocampus volume in autistic in-
dividuals at all ages compared with nonautistic individuals (59).
Other studies relying on localized brain lesions instead of the

regional infusion of Ani point to roles for other brain structures
in SRM: the olfactory bulb (which is to be expected because
SRM, as studied by most authors, involves obviously mainly ol-
factory cues) and the septal nuclei (60, 61).
Other neurotransmitter or neuromodulator systems have also

been studied: infusion of the selective 5-HT1A receptor agonist,

Table 1. Total exploration time during the 5-min retention test
of the social discrimination task

Treatment

Total exploration time (s)

CA1 BLA

Vehicle 95.5 ± 4.0 90.8 ± 4.1
Anisomycin 78.2 ± 7.2 95.7 ± 6.2
Isoproterenol 94.5 ± 12.1 92.8 ± 7.0
Timolol 101.3 ± 7.4 71.1 ± 5.2
Timolol+Isoproterenol 77.5 ± 11.5 83.8 ± 8.1
SKF38393 82.4 ± 7.2 91.3 ± 7.0
SCH23390 94.9 ± 5.7 87.0 ± 8.0
SCH23390+SKF38393 79.45 ± 4.1 74.0 ± 5.7
Dimaprit 96.5 ± 9.6 103.1 ± 9.8
Ranitidine 89.1 ± 6.0 69.9 ± 11.5
Ranitidine+Dimaprit 72.2 ± 8.1 76.5 ± 8.8

Means ± SEM are shown; one-way ANOVA analysis.
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8-OH-DPAT, into the BLA decreased levels of social investiga-
tion (62). Oxytocin and vasopressin, which in the brain purportedly
act as neuromodulators and are found in the hippocampus and
amygdala, among other places (6), have been well and amply
studied (60, 63–67). Oxytocin has been linked to social recognition
in the medial region of the amygdala (68) and seems to play a
role only in the acquisition of SRM, whereas vasopressin acts in
the acquisition and consolidation of SRM (6). Estrogens pro-
mote the synthesis of oxytocin and its receptor (69). Interestingly,
in female rats and mice, social memory has a peak during the
proestrous phase, which is when estrogens are in higher concen-
tration (70). In addition to their role in social behavior, oxytocin
stimulates the release of dopamine, and the interaction of both
neuromodulators might promote social interactions (2, 71).
Further research will no doubt clear up the relation of the

present findings with those in the literature. Meanwhile, it can be
concluded from the present data that the CA1 region of the
dorsal hippocampus and the BLA are key participants in the
regulation of SRM in rats, and that norepinephrine acting on
β-receptors, dopamine acting on D1/D5 receptors, and histamine
acting on H2 receptors in these two brain regions play a pivotal
role in social recognition measured in a standard social dis-
crimination paradigm. The roles of the catecholamines (14, 18,
38), and to an extent that of histamine (16, 36), appear peculiarly
interesting because they probably affect this (3) and other forms of
memory (14) by actions in the hippocampus and BLA, mediated
by the enhanced synthesis of the nuclear CREB (3, 16, 38), which
is related to protein synthesis, here shown to be necessary for
SRM, as previously posited by Kogan et al. (3).

Materials and Methods
Animals. Adult (3-mo-old, 300–330 g) and juvenile (22–30 postnatal days)
male Wistar rats purchased from Centro de Modelos Biologicos Exper-
imentais of the Pontifical Catholic University of Rio Grande do Sul (our
regular provider) were used. Adults were housed four to a cage and juve-
niles were housed two to a cage, with free access to food and water and
under a 12/12-h light/dark cycle (lights on at 7:00 AM). The behavioral ex-
periments were conducted during the light phase of the cycle. All proce-
dures were approved by the Animal Committee on Ethics in the Care and
Use of Laboratory Animals of the Pontifical Catholic University of Rio Grande
do Sul, in compliance with National Institutes of Health guidelines for the
care and use of laboratory animals.

Surgery. Adult animals were implanted bilaterally with stainless steel 22-
gauge guide cannulae under deep anesthesia (75mg/kg ketamine plus 10mg/kg
xylazine, i.p.) by stereotaxic procedures. The tips of the cannulae were aimed
1-mm above the CA1 region of the dorsal hippocampus (anterior, −4.2 mm;
lateral, ±3.0 mm; ventral, −1.8 mm; from Bregma) or the basolateral com-
plex of the amygdala (anterior, −2.4 mm; lateral, ±5.1 mm; ventral −7.5 mm;
from Bregma) according to the atlas by Paxinos and Watson (72). The guide
cannulae were fixed to the skull with dental acrylic cement. All animals were
allowed 7 d for recovery from surgery before behavioral procedures. All
animals were handled daily for 3 d before the behavioral experiments.

Pharmacological Treatments. The drugs were purchased from Sigma–Aldrich.
The doses used were derived from previous data in the literature in which
their effect on memory variables was established (41, 73–75). The doses were:
for the protein synthesis inhibitor, Ani, 100 μg per side; for β-adrenoreceptor
agonist, Iso, 10.0 μg per side; for the β-blocker, Tim, 1.0 μg per side; for the D1/
D5 dopamine receptor agonist, SKF, 12.5 μg per side; for the D1/D5 dopamine
receptors antagonist, SCH, 1.5 μg per side; for the agonist of the H2 histamine
receptor, Dima, 2.3 μg per side; and for the H2 blocker, Rani, 17.5 μg per side.

All drugs were dissolved in sterile saline 0.9% (Veh), which was administered
to the control groups. Infusion volume used was 0.5 μL per side into the BLA
and 1.0 μL per side into the CA1 region of the dorsal hippocampus.

At the time of the microinfusion, a tight-fitting 30-gauge infusion cannula
connected to a Hamilton microsyringe by polyethylene tubing was in-
troduced into the guide cannula. The infusion cannula extended 1.0-mm
beyond the cannula tip. Infusion was carried out over 60 s and the infusion
cannula was left in place for an additional 60 s to maximize diffusion and to
prevent backflow of the drug, and then carefully withdrawn and placed on
the other side, after which the procedure was repeated.

Social Discrimination Paradigm. The apparatus used was a white wooden
open-field arena (60 cm × 40 cm × 50 cm) placed in a dimly illuminated room.
Two identical transparent Plexiglas cylindrical cages (9-cm diameter × 13-cm
high) were kept inside the arena near to the corners. The cylinder cages had
small holes (1-cm diameter spaced by 1 cm diameter) on the wall, allowing
the passage of odors (olfactory cues) while preventing the direct interaction
between adults and juveniles. A clear cup filled with water (500 mL) was placed
on top of each cylinder to prevent adults from moving or climbing it. The
arena and the cylinder cages were cleaned with 70% (vol/vol) ethanol before
and after each use.

Adult animals were individually habituated to the open-field arena for
20 min per day for 4 consecutive days. The empty cylinder cages were kept
inside the arena during the habituation session. Juveniles were habituated to
being placed in the cylinder cages for 20 min 24-h before the sample phase.
The sample phase took place 24-h after the last habituation session. The
adults were individually placed in the center of the arena and allowed, for 1 h,
to freely explore an unfamiliar juvenile placed in one of the cylinder cages
(randomly selected and counterbalanced for each group) and an empty
cylinder. The retention test occurred 24-h later, the adults were placed again
in the same arena with the previously presented juvenile (familiar) and a
second juvenile (novel) that had no prior contact with the adult, placed in the
cylinder that had been empty during the sample phase, and allowed to freely
explore the set-up for 5 min, after which they were returned to their home
cages. The two juveniles were from different home cages to prevent the
redundancy of olfactory cues. During the retention test the exploration time
of each juvenile (familiar and novel) was measured. Social exploratory be-
havior was defined as sniffing and touching the cylinder cages. The micro-
injections into the CA1 or BLA were carried out immediately after the
sample phase.

Histology. As usual in our laboratory (12, 41, 75, 76), cannulae placements
were determined by infusing 4% (vol/vol) methylene blue into the cannulae
2 d after the last behavioral procedure. The spread of the dye was taken as
an estimate of the drug infusions in the same animal. Placements were con-
sidered correct when the spread was 1 mm3 or less from the intended infusion
sites. Only data from animals with correct cannulae implants were analyzed.

Statistical Analysis. Data obtained in social discrimination task were con-
verted in percentage of total exploration time of the juveniles, expressed as
means and SE, and analyzed using one-sample Student’s t test, considering
the theoretical mean equal to 50% to compare the difference between fa-
miliar and novel juvenile exploration time in the same group. One-way
ANOVA followed by Bonferroni’s Multiple Comparison Test was performed
to assess differences between percentages of exploration time of novel ju-
veniles on the retention test. The one-way ANOVA was used to verify dif-
ferences in total time of exploration between the different treatments.
GraphPad Prism software was used to analyze the data. P < 0.05 was con-
sidered statistically significant.
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