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A B S T R A C T

Previously we showed the involvement of the hippocampal noradrenergic system in the consolidation and
persistence of object recognition (OR) memory. Here we show that one-single physical exercise session
performed immediately after learning promotes OR memory persistence and increases norepinephrine levels
in the hippocampus. Additionally, effects of exercise on memory are avoided by an intra-hippocampal beta-
adrenergic antagonist infusion. Taken together, these results suggest that exercise effects on memory can be
related to noradrenergic mechanisms and acute physical exercise can be a non-pharmacological intervention to
assist memory consolidation and persistence, with few or no side effects.

1. Introduction

Recognition memory refers to the ability to discriminate between a
familiar and a new characteristic [1]. This type of memory requires the
identification of specific characteristics of a particular event, its
discrimination and comparison with memory of characteristics pre-
viously experienced [2], providing adaptive advantage related to
survival.

The object recognition task (OR) is used to evaluate the mechanisms
involved in formation of declarative memories [3,4]. Previously we
demonstrated that activation of the pathway Nucleus of the Solitary
Tract–Nucleus Paragigantocellularis–Locus coeruleus (NTS–PGi–LC) is
necessary for consolidation of OR memory, and its activation culmi-
nates with norepinephrine (NE) release in the CA1 region of hippo-
campus [5]. Hippocampus plays an important role in OR memory
consolidation [6–10]. Recently we demonstrated that the hippocampal
CA1 injection of beta-adrenergic blocker timolol impairs OR memory
consolidation, while the injection of NE promotes persistence of this
memory [11]. Additionally, we showed that OR learning promotes
increase of NE levels in the hippocampus, indicating that hippocampal
noradrenergic activation is necessary for OR memory consolidation and
persistence [11].

The noradrenergic system plays a crucial role in modulating the
ability of concentration and mnemonic performance in rats [11–14].
This role was demonstrated in a variety of learning paradigms, such as
contextual fear conditioning, OR, and extinction of contextual fear
conditioning [11,15–17]. Furthermore, there is a strong relationship
between training-induced endogenous noradrenergic activation and
memory enhancement [18,19].

In parallel, studies have shown that physical exercise benefits
memory [20–22]. Although the positive effects of long-term aerobic
exercise on memory and central nervous system (CNS), including
neuroprotection, have been extensively described [22–25], effects of
acute physical exercise were addressed by a few studies showing
inconsistent results [26,27]. Regardless of this, physical exercise
promotes increase of NE levels [28–30] even after a single session [30].

Considering that the NE is an important neurotransmitter involved
in consolidation and persistence of recognition memory [4,11] and
physical exercise is a non-invasive behavioral practice that favors
release of NE [31], here we investigated the effects of an one-single
physical exercise session after OR learning and demonstrated that acute
physical exercise promotes OR memory persistence through hippocam-
pal noradrenergic mechanisms.

http://dx.doi.org/10.1016/j.bbr.2017.04.050
Received 19 March 2017; Received in revised form 23 April 2017; Accepted 26 April 2017

⁎ Corresponding author.
E-mail address: pamelacarpes@unipampa.edu.br (P. Mello-Carpes).

Behavioural Brain Research 329 (2017) 120–126

Available online 28 April 2017
0166-4328/ © 2017 Elsevier B.V. All rights reserved.

MARK

http://www.sciencedirect.com/science/journal/01664328
http://www.elsevier.com/locate/bbr
http://dx.doi.org/10.1016/j.bbr.2017.04.050
http://dx.doi.org/10.1016/j.bbr.2017.04.050
mailto:pamelacarpes@unipampa.edu.br
http://dx.doi.org/10.1016/j.bbr.2017.04.050
http://crossmark.crossref.org/dialog/?doi=10.1016/j.bbr.2017.04.050&domain=pdf


2. Material and methods

2.1. Rats and groups

Adult male Wistar rats (3 months old) purchased from the vivarium
of the Federal University of Santa Maria (RS/Brazil) were used. They
were housed four per cage and maintained under controlled light and
environmental conditions (12 h light/12 h dark cycle at a temperature
of 23 ± 2 °C and humidity of 50 ± 10%) with free access to food and
water. All experiments were conducted in accordance with the
“Principles of laboratory animal care” (NIH publication n. 80-23,
revised 1996).

The rats were divided in six groups: (i) naïve (just for measurement
of NE levels); (ii) control, in which rats were just trained in the OR task;
(iii) treadmill habituation, in which rats were habituated to a treadmill
and trained in the OR task; (iv) physical exercise, in which rats were
habituated to a treadmill, trained in OR task and submitted to one-
single physical exercise session on a treadmill for 30 min immediately
after OR training; (v) physical exercise + timolol (TIM), in which rats
were habituated to a treadmill, trained in OR task, submitted to one-
single physical exercise session on a treadmill and received a TIM intra-
hippocampal infusion immediately after the physical exercise session;
and, (vi) Norepinephrine (NE), in which rats were trained in the OR
task and received a NE intra-hippocampal infusion immediately after
OR training. Rats from group (i) and some rats from groups (ii), (iii),
and (iv) were euthanized for hippocampus dissection and posterior
biochemical analyses. The additional rats were tested in OR 24 h and
21 days after training. Fig. 1 summarizes the experiments conducted.

2.2. Surgery and drug infusion procedures

In order to implant brain cannulas, rats submitted to behavioral
experiments were deeply anesthetized with ketamine and xylazine (i.p.,
75 mg/kg and 10 mg/kg, respectively) and 27-gauge cannulas were
placed, stereotaxically aimed at CA1 region of the dorsal hippocampus
(A – 4.2, L 3.0, V – 2.0 mm) (coordinates according to Paxinos and
Watson [32]. The cannulae were affixed with dental cement. Animals
were allowed to recover from surgery for 4 days.

At the time of drug delivery, 30-gauge infusion cannulas were
tightly fitted into the guides. Infusions (1 μl/side in CA1 region of
hippocampus; 1 μg/μl of TIM or NE dissolved in saline for groups (v)
and (vi), respectively; groups (ii), (iii) and (iv) received only saline
infusion) were carried out over 60 s using an infusion pump, and the
cannulas were left in place for 60 additional seconds to minimize
backflow. The doses and volumes were determined by pilot experiments
and previous studies showing the effect of each compound on learning
and behavioral performance [5,11]. Cannula placements were verified
postmortem, 2–4 h after the last behavioral test. A 4% methylene-blue
solution was infused at the same volume used in the experiments
described earlier, and the extension of the dye 30 min thereafter was
taken as an indication of the presumable diffusion of the vehicle or drug
previously given to each animal [5].

2.3. Reagents and drugs

Timolol (TIM) and NE were purchased from Sigma–Aldrich (St.
Louis, MO). The drugs were dissolved in saline and stored at −20 °C,
protected from light until use, at which time an aliquot was thawed and
diluted to working concentration in saline 0.9% (pH 7.2). Other

Fig. 1. Experimental design. Behavioral and biochemical experiments were conducted. For behavioral experiments rats were divided in five groups: control, treadmill habituation,
physical exercise, physical exercise + timolol and norepinephrine. All animals were habituated and trained in OR task, and submitted or not to: treadmill habituation; one-single physical
exercise session, followed or not by intra-hippocampal timolol infusion; intra-hippocampal norepinephrine infusion, or nothing. OR test sessions were made 24 h and 21 days after
training. On the day after drug infusions, control behavioral tests were conducted (Plus Maze and Open Field) after OR memory test. For biochemical experiments rats were divided in
four groups: naïve, control, treadmill habituation and physical exercise. These groups were submitted or not to: treadmill habituation; OR habituation and training; one-single physical
exercise session after OR training. Thirty minutes after OR training the rats were euthanized and their hippocampus were dissected and quickly prepared to norepinephrine levels
measurement by HPLC.
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