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Abstract
In the present study, we evaluated the possible effects of intra-CA1 administrations of β1-receptor agonist and
antagonist, isoprenaline (isoproterenol) and atenolol respectively, on scopolamine state-dependent memory.
Male Wistar rats were bilaterally implanted with chronic cannulae in the CA1 regions of the dorsal hippocampus,
trained in a step-through type inhibitory avoidance task, and tested 24 h after training to measure step-through
latency. Pre-training intra-CA1 injection of scopolamine (1.5 and 3 µg/rat) induced amnesia. The response
induced by pre-training scopolamine was significantly reversed by pre-test administration of the drug that is due
to a state-dependent effect. Although pre-test intra-CA1 administrations of isoprenaline alone had no effect, its
administration (0.09 µg/rat) restored scopolamine amnesia.

Furthermore, pre-test intra-CA1 injection of

isoprenaline (0.01, 0.03 and 0.09 µg/rat) with an ineffective dose of scopolamine (0.25 µg/rat), synergistically
improved memory performance impaired by pre-training scopolamine. The results also showed that pre-test
intra-CA1 administrations of atenolol at dose of 0.09 µg/rat induced amnesia and disrupted state-dependent
memory induced by scopolamine. Noteworthy, the response induced by the pre-test injection of isoprenaline
plus scopolamine was antagonized with atenolol. These results suggest that β1-adrenergic receptors of the dorsal
hippocampal CA1 regions may play an important role in scopolamine-induced amnesia and scopolamine statedependent memory.
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Introduction

Monoaminergic systems are crucially involved in the

The cholinergic input to the hippocampus has

control of behavioral processes related to anxiety,

important roles in the

learning and memory

exploration, learning and memory (Graeff, 2002;

processes (Hasselmo, 1999; Kesner, 1988). The

Izquierdo, 1989; McGaugh, 1983). The various areas

hippocampus receives cholinergic afferents from

of the brain, including the hippocampus and the

basal forebrain structures such as the medial septum

neocortex

and diagonal band of Broca (Mesulam et al., 1983).

noradrenergic system that originates in the locus

Neurodegeneration of the cholinergic input to the

coeruleus. Noradrenaline acts through two classes of

hippocampus can be detected in patients with

receptors (α and β), both coupled with G-proteins

Alzheimer's disease and aging rodents (Sugaya et al.,

(Sirvio

1998). Evidence indicates that drugs that support

expressions of β-adrenergic receptors in the brain are

cholinergic function improve performance in several

substantially lesser than the α subtype, they are

cognitive models in both rodents and humans,

critical for cognitive functions (Stuchlik and Vales,

whereas anticholinergic drugs impair learning and

2008). It has been shown that β-adrenergic receptors

memory in a variety of tasks (Azami et al., 2010;

exhibit modulatory roles in the regulation of

Fibiger et al., 1991; Gallagher and Colombo, 1995;

vigilance, learning and memory (Aston-Jones et al.,

Power et al., 2003; Zarrindast et al., 2002a). Further

1991; Cahill et al., 2000; Przybyslawski et al., 1999;

evidence also shows that release of acetylcholine

Sara et al., 1995). Administrations of norepinephrine

(ACh)

during

(NE) and/or a β-adrenoreceptor agonist, isoprenaline

task

(isoproterenol) improved retention performance in

(Stancampiano et al., 1999). The increase in ACh is

either spatial (Hatfield and McGaugh, 1999; Packard

positively correlated with performance improvement

et al., 1994) or emotionally-motivated memory tasks

during learning (Fadda et al., 2006). Scopolamine, a

(Ferry and McGaugh, 1999; Introini-Collison et al.,

nonselective muscarinic ACh antagonist, impairs

1991; Izquierdo et al., 1992; Liang et al., 1995; Liang

learning and memory performance that has been

et al., 1986). Conversely, administration of β-

proposed as an animal model of dementia (Azami et

adrenergic receptor antagonists impaired learning

al., 2010; Collerton, 1986; Jensen et al., 1987;

and memory in a variety of tasks (Barros et al., 2001;

Mahmoodi et al., 2010; Pakpour et al., 2010;

Ferry et al., 1999a; Gallagher et al., 1977; Ikegaya et

Quartermain and Leo, 1988). Similarities in the

al., 1997; Ji et al., 2003b; Li and Mei, 1994; Singh et

learning deficits between Alzheimer patients and

al.,

scopolamine treated animals have been reported.

noradrenergic and cholinergic mechanisms interact in

Thus, it has been proposed that scopolamine, could

influencing memory (Azami et al., 2010; Decker and

serve as a useful pharmacological tool to produce a

Gallagher, 1987; Decker et al., 1990; Decker and

partial model of the disorder (Bartus, 2000).

McGaugh, 1989). For example, noradrenaline may

Furthermore,

atrophy,

modulate the response of cortical and hippocampal

monoamines are reduced in Alzheimer’s disease and

neurons to ACh. Indeed, it has been shown that

the possibility may exist that enhancement of

noradrenaline increases the response of cortical

monoaminergic functions may elicit beneficial effects

neurons to ACh and this effect seems to be under the

on behavior and cortical activity (Dringenberg, 2000;

control of fibers arising from the locus coeruleus since

Hertz, 1989). For example, the Alzheimer's diseased

the responsiveness of cortical neurons to ACh is

brain

deficits

reduced after noradrenergic lesions (Waterhouse et

evidenced by cell losses in the locus coeruleus and by

al., 1981). In addition, dorsal noradrenergic bundle

reduced noradrenaline contents (Hardy et al., 1985;

lesions decrease the efficacy of physostigmine in

Hertz, 1989).

reversing passive avoidance deficits in rats with basal

in

the

performance

hippocampus

of

a

along

undergoes

learned

with

severe

increases
memory

cholinergic

noradrenergic

are

and

1990).

innervated

MacDonald,

Previous

by

1999).

studies

the

ascending

Although

indicated

the

that

forebrain lesions (Haroutunian et al., 1990). Others
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report that noradrenergic depletion potentiates the

Surgery

effects of cholinergic blockade in mice (Decker and

Animals were anaesthetized intraperitoneally with a

Gallagher, 1987; Decker and McGaugh, 1989).

ketamine/xylazine mixture (100 and 10 mg/kg,
respectively) and placed in a stereotaxic frame (David

Our recent data has indicated that pre-training or

Kopf Instruments, USA) with flat-skull position. A

post-training administration of scopolamine can

midline incision was made and the skin and

impair inhibitory avoidance memory in a state-

underlying

dependent manner, which is reversible by pre-test

coordinates for the CA1 regions of dorsal hippocampi

scopolamine administration (Azami et al., 2010;

were AP: −3 mm from bregma, L: ±2 mm from

Jamali-Raeufy et al., 2011). State-dependent learning

midline and V: −2.8 mm from the skull surface

is a phenomenon in which the retrieval of newly

(Paxinos, 1997). The cannulae were anchored to the

acquired information is possible only if the subject is

skull with dental cement, and then stainless steel

in the same sensory context and physiological state as

stylets (27 gauge) were inserted into the guide

the encoding phase (Azami et al., 2010; Izquierdo and

cannulae to maintain patency prior to microinfusions.

periosteum

retracted.

Stereotaxic

Dias, 1983; Nasehi et al., 2010; Overton, 1966; Piri
and Zarrindast, 2011a). According to research,

Drugs and microinfusions

inhibitory avoidance memory is modulated by the

The drugs included scopolamine hydrobromide

hippocampus through, at least in part, an adrenergic

(Tocris, UK), atenolol (Daroopakhsh, Tehran, Iran),

action (Azami et al., 2010; Moshfegh et al., 2010; Piri

isoprenaline (isoproterenol) (Sigma, Poole, Dorset,

and Zarrindast, 2011a). Our previous studies also

UK). All drugs were dissolved in sterile saline and

showed

were injected into CA1 of dorsal hippocampus.

that

α-adrenoceptors

of

the

dorsal

hippocampus play an crucial role on state-dependent
memory induced by scopolamine or cannabinoid in

Intra- CA1 injections

adult male rats (Azami et al., 2010; Moshfegh et al.,

For bilateral drug infusion, the animals were gently

2010; Piri and Zarrindast, 2011a), but role of β-

restrained by hand; the stylets were removed from the

adrenoceptors

on

guide cannulae and replaced by 27-gauge injection

scopolamine state-dependent memory cannot be

needles (1mm below the tip of the guide cannula). The

excluded. Therefore, the present study has aimed to

injection solutions were administered in a total

investigate the effects of intra-CA1 administration of

volume of 1 µl/rat (0.5 µl in each side) over a 60 s

β1 noradrenergic agonist, isoprenaline and its

period. Injection needles were left in place for an

antagonist, atenolol, on state-dependent memory

additional 60 s to facilitate the diffusion of the drugs.

induced by scopolamine in rat.

Inhibitory avoidance apparatus.

Materials and methods

A

Animals

consisted of two compartments of the same size (20 ×

Adult male Wistar rats (Pasteur institute, Tehran,

20 × 30 cm3). In the middle of a dividing wall, a

Iran) weighing 220– 270 g at time of surgery were

guillotine door (7.9 cm2) could be lifted manually. The

used. They had free access to food and water, were

walls and floor of one compartment consisted of

housed four in a cage, and kept at (22 ± 2) ◦C under a

white

12/12 h light-dark cycle (light beginning at 7:00 a.m).

compartment were dark. Stainless steel bars (3 mm in

All experiments were carried out during the light

diameter and 1 cm intervals) constituted the floor of

phase between 8:00 and 14:00. Experimental groups

the dark compartment. Intermittent electric shocks

consisted of eight animals and each animal was tested

(50 Hz, 3 s, 1 mA intensity) were delivered to the grid

once. All procedures were performed in accordance

floor of the dark compartment by an isolated

with institutional guidelines for animal care and use.

stimulator.

of

the

dorsal
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Behavioral procedures
Training

was

based

comparison of means was carried out with the Tukey
on

our

previous

studies

test for multiple comparisons, when appropriate. The

(Zarrindast et al., 2002b; Zarrindast et al., 2005a).

level of statistical significance was set at P<0.05.

All animals were allowed to habituate in the

Calculations

experimental room (with light and sound attenuated)

statistical package.

were

performed

using

the

SPSS

for at least 30 min prior to the experiments. Then,
each animal was gently placed in the brightly lit

Histology

compartment of the apparatus; after 5 s the guillotine

After the testing sessions each rat was deeply

door was opened and the animal was allowed to enter

anesthetized and 1 ml of a 4% methylene-blue

the dark compartment. The latency with which the

solution was bilaterally infused into the CA1 (0.5 ml/

animal crossed into the dark compartment was

side), as described in the drug section, then

recorded. Animals that waited more than 100 s to

decapitated and its brain removed and placed in

cross to the dark compartment were eliminated from

formaldehyde (10%). After several days, the brains

the experiments. Once the animal crossed with all

were sliced and the sites of injections were verified

four paws to the next compartment, the guillotine

according to Paxinos & Watson, 2007. Only data from

door was closed and the rat was immediately

animals with correct cannulae implants.

withdrawn from the compartment. The trial was
repeated after 30 min as in the acquisition trial where

Experimental design

after 5 s the guillotine door was opened and as soon

Eight animals were used in each experimental group.

as

(shock)

In experiments where animals received one or two

compartment the door was closed and a foot shock

injections, the control groups also received one or two

(50 Hz, 1 mA and 3 s) was immediately delivered to

saline injections. The intervals of drug administration

the grid floor of the dark room. After 20 s, the rat was

were based on previous studies in order to obtain a

removed from the apparatus and placed temporarily

maximum response.

the

animal

crossed

to

the

dark

into its home cage. Two minutes later, the animal was
retested in the same way as in the previous trials; if

Experiment 1: effect of scopolamine on memory

the rat did not enter the dark compartment during

retrieval

120 s a successful acquisition of IA response was

In this experiment, the effect of pre-training and pre-

recorded. Otherwise, when the rat entered the dark

test administration of scopolamine on inhibitory

compartment (before 120 s) a second time, the door

avoidance response was examined. Five groups of

was closed and the animal received the shock again.

animals received saline

Intra-CA1 infusions were performed 5 min prior to

scopolamine (0.25, 0.75, 1.5 and 3 µg/ rat, intra-CA1),

the train and/or test. For the study of memory 24 h

5 min before the training phase (pre-training). On the

after training, each animal was gently placed in the

test day, the animals received saline (1 µl/rat, intra-

light compartment and after 5 seconds (sec) the door

CA1) 5 min before the test. The other eight groups of

was opened, and Step-through latency (sec) was

animals received saline (1 µl/rat, intra-CA1) or

measured in absence of electric foot shocks, as

scopolamine (3 µg/ rat, intra-CA1), 5 min before the

indicators of inhibitory avoidance behavior. An upper

training and pre-test (5 min before the test) injections

cut-off of 300 sec was set. The retention test was also

of different doses of scopolamine (0.25, 0.75, 1.5 and

carried out between 8:00 a.m. and 2:00 p.m.

3 µg/ rat, intra-CA1).

Data analysis

Experiment 2: effects of pre-test administration of

The data are expressed as mean ± S.E.M. The

isoprenaline on inhibitory avoidance memory in the

statistical analysis was performed using one- and two-

presence

way

experiment, four groups of animals received

analysis

of

variance

204 Pakpour et al.

(ANOVA).

Post-hoc

or

absence

of

or

different

scopolamine

doses of

In

this
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saline (1 µl/rat, intra-CA1) 5 min before the training

after the last injection.

and different doses of isoprenaline (0, 0.01, 0.03 and
0.09 μg/rat, intra-CA1) 2 min before saline (1 µl/rat,

Results

intra - CA1). Another four groups received pre-

Effects of Scopolamine on inhibitory avoidance

training administration of scopolamine (3 µg/ rat,

memory

intra-CA1). , The animals received the isoprenaline (0,

Fig. 1 shows the effects of pre-training (left panel) or

0.01, 0.03 and 0.09 μg/rat, intra-CA1) 2 min before

pre-test (middle panel) intra-CA1 administration of

saline (1 µl/rat, intra - CA1). A further four groups of

scopolamine

animals received scopolamine (3 µg/ rat, intra - CA1)

ANOVA revealed that pre-training [F (4,35) = 16.49,

5 min prior to training. The animals received the

P<0.001] or pre-test [F(4,35)= 14.96, P<0.001]

same doses of isoprenaline 2 min before scopolamine

scopolamine (1.5 and 3 μg/rat, intra-CA1) dose-

(0.25 µg/ rat, intra - CA1). The step-through latency

dependently reduced the step-through latency in the

was measured 5 min after the last injection.

inhibitory avoidance task, showing scopolamine-

on

step-through

latency.

One-way

induced amnesia. Fig. 1 (right panel) indicates that
Experiment 3: effects of pre-test administration of

animals in which memory was impaired due to pre-

atenolol on inhibitory avoidance memory in the

training administration of scopolamine (scopolamine-

presence or absence of scopolamine.

induced amnesia), pre-test scopolamine (0.75, 1.5 and
3 μg/rat, intra-CA1) restored the memory to the

On the training day, all animals received pre-training

control level (scopolamine state of memory) [

administration of saline (1 µl/rat, intra-CA1) or

F(4,35)= 24.83, P<0.001].

scopolamine (3 µg/ rat, intra-CA1). On the test day,
the

animals

received

pre-test

intra-CA1

administration of atenolol (0, 0.01, 0.03 and 0.09
µg/rat, intra -CA1) 2 min before saline (Fig. 3, left
panel) or scopolamine (3 µg/ rat) (Fig. 3, right panel).
The step-through latency was measured 5 min after
the last injection.
Experiment 4: effect of atenolol on the isoprenalineinduced potentiation of the scopolamine response. In
this experiment, on the training day, all animals
received pre-training administration of scopolamine
(3 µg/ rat, intra-CA1). On the testing day, four groups
of the animals received a pre-test intra-CA1 injection
of atenolol (0, 0.01, 0.03 and 0.09 µg/rat, intra -CA1).
After 2 min, they were injected with isoprenaline
(0.01 µg/rat, intra -CA1) and 2 min later, they
received scopolamine (0.25 µg/ rat). Two control
groups were also used in this experiment. The first
group received three pre-test intra-CA1 injections of
saline (1 μl/rat) with 2 min interval.

The second

group received two pretest intra-CA1 microinjections
of saline (1 μl/rat) with 2 min interval, and after 2
min they were injected with scopolamine (0.25 µg/
rat). The step-through latency was measured 5 min
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Fig. 1. The effects of pre-training and pre-test
administration

of

scopolamine

on

inhibitory

avoidance memory. Five groups of animals received
saline or different doses of scopolamine (0.25, 0.75,
1.5 and 3 µg/ rat, intra-CA1), 5 min before the
training phase (pre-training). On the test day,
animals received saline (1µl/rat, intra-CA1) 5 min
before the test (pretest). Other four groups of animals
received pre-training injection of saline (1 µl/rat) and
pretesting injections of different doses of scopolamine
(0.25, 0.75, 1.5 and 3 µg/rat, intra-CA1). In another
four groups, the animals received pre-training
administration of a high dose of scopolamine (3
µg/rat, intra-CA1) and pretesting injections of
different doses of scopolamine (0.25, 0.75, 1.5 and 3
µg/rat, intra-CA1). Data are expressed as mean ±
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S.E.M. of eight animals per group. *P< 0.05, ***P<

animals

0.01,

pre-training

scopolamine (3 μg/rat, intra-CA1) impaired inhibitory

saline/pre-test saline group. +++P< 0.001different

avoidance memory, administration of isoprenaline

from pre-training scopolamine (3 µg/rat)/pre-test

(0.09 μg/rat), on the test day, significantly [F(3,28)=

saline group.

28.99, P<0.001] reversed memory impairment (Fig.

***P<

0.001different

from

that

pre-training

administration

of

2, middle panel). Moreover, the lower dose of pre-test
Effects of pre-test administration of isoprenaline on

scopolamine (0.25 μg/rat, intra-CA1) alone did not

memory retrieval in the presence or absence of

induce a significant scopolamine state-dependent

Scopolamine Fig. 2 indicates the effects of pre-test

memory. However, co-administration of the different

intra-CA1 injection of isoprenaline in the presence or

doses of isoprenaline (0.01, 0.03 and 0.09 μg/rat,

absence of scopolamine on memory retrieval. Two-

intra-CA1)

way ANOVA indicated an interaction between the

significantly improved the memory retrieval and

groups of animals which received pre-training saline

mimicked the effects of pre-test administration of a

(1 µl/rat) and pre-test isoprenaline (0 ,0.01, 0.03 and

higher dose of scopolamine treatment [F(3,28)=

0.09 μg/rat, intra-CA1) and those which received pre

12.97, P<0.001] (Fig. 2, right panel).

with

0.25

μg/rat

of

scopolamine

-training scopolamine (3 μg/rat, intra-CA1) and pretest isoprenaline [for Treatment, F(1,56)= 62.97
P<0.001;

Dose,

F(3,56)=

9.68,

P<0.001;

and

Treatment × Dose interaction, F(3,56)= 5.45, P<0.01]
on memory retrieval. Two-way ANOVA also revealed
a significant difference between the groups of animals
which received pre-training saline (1 µl/rat) and pretest isoprenaline and those which received pretraining scopolamine (3 μg/rat, intra-CA1), followed
by pre-test isoprenaline plus a lower dose of
scopolamine (0.25 μg/rat, intra-CA1) [for Treatment,
F(1,56)= 6.01, P<0.05; Dose, F(3,56)= 5.04, P<0.01;
and Treatment ×Dose interaction, F(3,56)= 6.18,
P<0.001] on memory retrieval. Furthermore, twoway ANOVA revealed a significant difference between
the groups of animals which received pre-training
scopolamine (3 μg/rat, intra-CA1) and pre-test
isoprenaline and those which received pre-training
scopolamine (3 μg/rat, intra-CA1), followed by pretest isoprenaline plus a lower dose of scopolamine
(0.25 μg/rat, intra-CA1) [for Treatment, F(1,56)=
35.47, P<0.001; Dose, F(3,56)= 28.76, P<0.001; and
Treatment

×Dose

interaction,

F(3,56)=

7.56,

P<0.001] on memory retrieval. In addition, post hoc
analysis revealed that in the animals that received
saline before training and tested following intra-CA1
administration of isoprenaline (Fig. 2, left panel), no
significant change was observed in the retrieval
latencies [F (3,28)= 0.63, P>0.05] as compared with
the saline/saline control group. Furthermore, in the

Fig. 2. The effects of pre-test administration of
isoprenaline on inhibitory avoidance memory in the
presence or absence of scopolamine. In one series, all
animals received pre-training administration of saline
(1 µl/rat, intra CA1), and pre-testing, administration
of isoprenaline (0, 0.01, 0.03 and 0.09 μg/rat, intraCA1) 2 min before saline (1 µl/rat, intra CA1). In
another groups, the animals received pre-training
administration of scopolamine (3 µg/rat, intra-CA1)
and pre-test injection of isoprenaline (0, 0.01, 0.03
and 0.09 μg/rat, intra-CA1) 2 min before the
administration of saline (1 µl/rat, intra CA1) or
scopolamine (0.25 µg/rat, intra-CA1). The stepthrough latency was measured 5 min after the last
injection in all animals. Data are expressed as mean ±
S.E.M. of eight animals per group. ***P< 0.001
different

saline/saline

group.

+++

group. ψψ P< 0.01, ψψψ P< 0.001 different from
scopolamine (3 µg/rat)/scopolamine (0.25 µg/rat)
group.

206 Pakpour et al.

from
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Effects of pre-test administration of atenolol on

microinjections of atenolol on the response induced

memory retrieval in the presence or absence of

by isoprenaline plus scopolamine. One-way ANOVA

Scopolamine

no

revealed that intra-CA1 microinjection of different

significant difference between the effects of atenolol

doses of atenolol altered the response induced by co-

(0, 0.01, 0.03 and 0.09 µg/rat, intra -CA1) in the

administration of isoprenaline (0.01 μg/rat, intra-

absence or presence of effective dose of scopolamine

CA1) plus scopolamine (0.25 μg/rat, intra-CA1)

(3 μg/rat, intra-CA1) [for Treatment, F(1,56)= 0.03,

[F(5,42)= 23.01, P<0.001]. Post-hoc analysis showed

P>0.05; Dose, F(3,56)= 16.59, P <0.001; and

that different doses of atenolol (0.01, 0.03 and 0.09

Treatment × Dose interaction, F(3,56) = 0.46,

μg/rat)

P>0.05]. In addition, post hoc analysis revealed that

potentiating of the scopolamine response.

Two-way

ANOVA

indicated

reversed

the

isoprenaline-induced

pre-test injection of atenolol reduced the stepthrough latency in the inhibitory avoidance task

Discussion

[F(3,28) = 12.62, P<0.001]. Furthermore, in the

Step-through is a model of inhibitory avoidance task

animals which received pre-training and pre-test

which is extensively used in pharmacological studies

administration of scopolamine (3 μg/rat, intra-CA1),

of long-term memory in rodents (Izquierdo et al.,

pre-test

atenolol

2006; Izquierdo and McGaugh, 2000). In the present

decreased the improvement of memory retrieval by

study, effects of local injections of β1 noradrenergic

pre-test scopolamine (3 μg/rat, intra-CA1) treatment

receptor agents in the dorsal hippocampus on

[F(3,28) = 5.35, P<0.01].

scopolamine-induced amnesia and scopolamine state-

intra-CA1

administration

of

dependent memory were investigated. In agreement
with other investigations, our data showed that pretraining or pre-test intra-CA1 administration of
scopolamine by itself impaired inhibitory avoidance
memory on the test day (Azami et al., 2010;
Ghorbanalizadeh-Khalifeh-Mahaleh

et al., 2008;

Mahmoodi et al., 2010; Pakpour et al., 2010). Ample

Fig. 3. The effects of pre-test administration of
atenolol on inhibitory avoidance memory in the
presence or absence of scopolamine. All animals
received pre-training administration of saline (1
µl/rat, intra CA1) or scopolamine (3 µg/rat, intraCA1) and pre-test administration of different doses of
atenolol (0, 0.01, 0.03 and 0.09 µg/rat, intra -CA1) 2
min before saline (1 µl/rat, intra CA1) or scopolamine
(3 µg/rat, intra-CA1). The step- through latency was
measured 5 min after the last injection in all animals.
Data are expressed as mean ± S.E.M. of eight animals
per group. ***P< 0.001different from saline/saline
group. +++ P<0.001different from scopolamine (3
µg/rat)/scopolamine (3 µg/rat) group.
Effects of intra-CA1 administration of atenolol on the
isoprenaline-induced potentiation of the scopolamine
response Figure 4 shows the effect of intra-CA1
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evidence

showed

learning

is

that

hippocampal

associated

with

an

dependent
increase

in

hippocampal ACh levels (Micheau and Marighetto,
2011).

There

are

reports

indicating

that

anticholinergic drugs such as scopolamine impair
learning and memory in different tasks, which is
directly related to a decrease in central cholinergic
functions (Fibiger, 1991; Gallagher and Colombo,
1995). In many behavioral paradigms, the deficits
produced by muscarinic cholinergic antagonism are
similar to the effects produced by hippocampal
lesions (Watts et al., 1981). Data obtained by some
investigators indicate that the degeneration and
dysfunction of cholinergic neurons is also closely
associated with the cognitive deficits of Alzheimer’s
disease and aging (Bartus et al., 1982; Coyle et al.,
1983; Kesner, 1988; Sugaya et al., 1998). The present
results

also

showed

that

pre-test

intra-CA1

administration of the same dose of scopolamine

Int. J. Biosci.

2014

reversed scopolamine-induced amnesia. A similar

+++p<0.001 different from scopolamine (3 µg/

response has been shown for morphine (Piri and

rat)/isoprenaline (0.01 µg/rat) plus scopolamine

Zarrindast, 2011b; Zarrindast et al., 2006; Zarrindast

(0.25 µg/ rat).

et al., 2012b), lithium (Zarrindast et al., 2005b),
histamine

(Zarrindast

cannabinoids

(Nasehi

et
et

al.,
al.,

2005b)

2010;

Piri

and

In the next part of the study, the effects of β1-

and

noradrenergic receptors of dorsal hippocampus on

Zarrindast, 2011a) which have been considered as

inhibitory

state-dependent

is

amnesia have been investigated. Our results, it has

related to the dose of drug and the time of its

been shown that pre-test microinjection of β1-

administration (Izquierdo and Dias, 1983; Overton,

noradrenergic agonist, isoprenaline into the CA1

1966; Piri and Zarrindast, 2011a; b; Zarrindast et al.,

region of dorsal hippocampus by itself does not

2012b).

acquisition,

significantly alter inhibitory avoidance memory, but

consolidation and retrieval of operant and inhibitory

can reverse memory impairment induced by pre-

avoidance memory is accompanied and regulated by

training administration of scopolamine. Furthermore,

different molecules and neuromodulatory states

pre-test co-administration of non-effective doses of

(Azami et al., 2010; Kim and Baxter, 2001), but the

the isoprenaline with a dose of scopolamine (0.25

exact mechanism involved in scopolamine state-

µg/rat), which by itself did not induce a response,

dependency is not clear.

reversed memory impairment due to pre-training

It

memory.

has

been

This

shown

phenomenon

that

avoidance

memory

and

scopolamine

scopolamine injection. The data obtained in the study
indicate that activation of dorsal hippocampal β1noradrenergic receptors could reverse scopolamine
amnesia. In agreement with our present data, other
investigators have shown that adrenergic agonists
such as amphetamine (Martinez et al., 1980),
phenylephrine

(Ferry

et

al.,

1999a;

b)

and

isoprenaline (Ghiasvand et al., 2011; Zarrindast et al.,
Fig. 4. The effect of atenolol on the isoprenalineinduced potentiation of the scopolamine response.
Six groups of animals were used. All animals received
pre-training administration of (3 µg/ rat, intra-CA1).
On the test day, one groups received three intra-CA1
injections of saline (1 μl/rat, intra-CA1) with 2 min
interval. Another group received two intra-CA1
injections of saline (1 μl/rat, intra-CA1) with 2 min
interval, and after 2 min they were injected with
scopolamine (0.25 µg/ rat, intra-CA1). Four groups of
animals

received

intra-CA1

microinjections

of

different doses of atenolol (0, 0.01, 0.03 and 0.09
µg/rat, intra -CA1) and after 2 min, were injected with
isoprenaline (0.01 µg/rat, intra-CA1) and 2 min later,
they received scopolamine (0.25 µg/ rat). The stepthrough latency was measured 5 min after the last
injection in all animals. Data are expressed as mean ±
S.E.M. of eight animals per group. ***p<0.001
different from scopolamine (3 µg/ rat)/saline.
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2012a) have enhancing effects on memory, primarily
in

memory-deficit

models.

The

data

may

be

supported by previous investigations showing that
systemic administration of subeffective doses of
epinephrine

potentiates

the

memory-enhancing

effects of low doses of physostigmine in inhibitory
avoidance

and

a

Y-maze

discrimination

tasks

(Introini-Collison and McGaugh, 1988). Our previous
studies indicated that the activation of α-adrenergic
receptors

of

dorsal

hippocampus

restored

scopolamine amnesia. There is also evidence that
some behavioral effect of α-adrenergic receptors
potentiated

or

mediated

by

β-noradrenergic

receptors. For example, evidence indicated that α1adrenoceptors are implicated in mediation of the
effects of norepinephrine on memory and their action
depends on concurrent β-adrenoceptor activation
(Ferry et al., 1999a). There are also some reports
indicating activation of α1-adrenoceptors potentiates

Int. J. Biosci.
β-adrenoceptor

2014
cAMP

(Gibbs et al., 2008; Ji et al., 2003a; Ji et al., 2003b).

formation (Ferry et al., 1999a; b). The data obtained

mediated

Blockade of beta-adrenoceptors in the CA1 region of

by isoprenaline in this study are similar to those

dorsal hippocampus impairs spatial memory and

obtained by α-noradrenergic receptor agonist in our

long-term contextual fear memory (Ji et al., 2003a; Ji

previous work and proposed that activation of

et al., 2003b). Furthermore, it has been shown that

noradrenergic receptors of dorsal hippocampus can

noradrenergic

influence scopolamine amnesia. Since cAMP/PKA

dependent learning (Azami et al., 2010; Berridge and

signaling has important role in learning and memory

Waterhouse, 2003; Homayoun et al., 2003; Piri and

(Drain et al., 1991), one may expect that intra-CA1

Zarrindast, 2011a). We have already shown that α-

injections of isoprenaline may influence inhibitory

adrenergic receptors of dorsal hippocampus are

avoidance memory via activation of cAMP/PKA

involved in scopolamine state-dependent memory

pathway. On the other hand, there is also a report

(Azami et al., 2010). To support the involvement of

showing that the ascending noradrenergic system can

β1-noradrenergic receptor mechanism of the dorsal

regulate the activity of cholinergic neurons in the

hippocampus in the scopolamine state-dependent

brain.

or

memory, more experiments were done with the

intracerebroventricular injection of NE reduces

blockade of β1-noradrenergic receptors in the dorsal

release of ACh from cortical slices (Moroni et al.,

hippocampus. The results revealed that pre-test intra-

1983; Vizi, 1980). Conversely, lesions of the LC have

CA1 administrations of β1- noradrenergic receptor

been reported to increase release of ACh from cortical

antagonist,

slices, suggesting that NE control of ACh release is

memory induced by scopolamine. For further support

tonically engaged (Vizi, 1980). On the contrary, some

of the hypothesis, we examined the effect of pre-test

investigations have suggested that NE have a different

intra-CA1 administration of atenolol on memory

effect on the septohippocampal cholinergic system:

restoration by co-administration of isoprenaline plus

NE release in the septal region increases ACh

scopolamine. The present results indicated that

turnover in hippocampus (Costa et al., 1983). Given

atenolol prevented reversal effect of pre-test intra-

that we found a β1-noradrenergic receptors agonist

CA1 administrations of isoprenaline along with a low

potentiated

on

dose of scopolamine on scopolamine amnesia. The

scopolamine amnesia, these interactions in which the

decrease in retrieval now induced by atenolol may

effects of β1-noradrenergic receptors agonist on

agree with findings of others indicating that β-

cholinergic function are inhibitory would appear to

noradrenergic receptor antagonist exerts amnesic

provide a basis for our results.

effects in different models of memory (Gibbs et al.,

For

reversal

activation

example,

effect

of

systemic

of

scopolamine

receptors

atenolol,

play

a

disrupted

role

in

state-

state-dependent

2008; Ji et al., 2003a; Ji et al., 2003b) such as
In addition, the present study investigated the effects

inhibitory avoidance memory (Liang et al., 1986),

of pre-test microinjection of β1-adrenergic receptor

spatial memory (Ji et al., 2003b), contextual fear

antagonist, atenolol on inhibitory avoidance memory.

memory (Ji et al., 2003a), and auditory fear memory

Our results reveal impairment in inhibitory avoidance

(Ghorbanalizadeh-Khalifeh-Mahaleh et al., 2008).

performance after pre-test intra-CA1 administration

The results obtained in the study are in agreement

of atenolol. Other studies have shown that blockade of

with others who found that pre-test injection of the

β1-noradrenergic receptors impairs memory. In

β1- noradrenergic receptor antagonist inhibited

agreement with our present studies, several lines of

cannabinoid state-dependent memory (Ghiasvand et

evidence have been reported that β- noradrenergic

al., 2011). The idea may be supported by previous

receptor is a crucial for learning and memory (Gibbs

investigations showing that Blockade of dorsal

et al., 2008; Ji et al., 2003a; Ji et al., 2003b). β1-

hippocampal

adrenoceptors also appears to be involved in the

scopolamine-state-dependent memory (Azami et al.,

modulation of memory by the dorsal hippocampus

2010). The data also may be supported by previous
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α-noradrenergic

receptors

inhibits

Int. J. Biosci.

2014

investigations showing that systemic pre-training
administration of scopolamine and propranolol (a
nonselective

β-adrenoceptor

antagonist),

in

subeffective doses, impairs inhibitory avoidance and
spatial memory when the drugs are administered
together prior to training (Decker et al., 1990).
In

conclusion,

considering

that

pre-training

pre-test injection of β1-adrenergic agonists and
inhibition of memory retrieval in the animals which
both

pre-training

and

retrieval by dopaminergic D(1), beta-noradrenergic,
serotonergic-1A and cholinergic muscarinic receptors
in cortical structures of the rat. Behavioral Brain
Research 124, 1-7.

scopolamine-induced amnesia can be decreased by

received

Barros DM. 2001. Simultaneous modulation of

pre-test

administration of scopolamine by the β1-adrenergic

Bartus RT. 2000. On neurodegenerative diseases,
models, and treatment strategies: lessons learned and
lessons

forgotten

a

generation

following

the

cholinergic hypothesis. Experimental Neurology 163,
495-529.

antagonists, it is possible that scopolamine statedependent memory may be related to activation of the
CA1

β1-adrenergic

receptors.

However,

more

experiments are required to clarify the exact
mechanism(s) involved in the interaction between
scopolamine and β1-adrenoceptors.
Conclusion

1982. The cholinergic hypothesis of geriatric memory
dysfunction. Science 217, 408-414.

Berridge CW,Waterhouse BD. 2003. The locus

This paper is extracted from the research project
entitled”β1-noradrenergic

Bartus RT, Dean RL, 3rd, Beer B, Lippa AS.

system

of

the

dorsal

hippocampus is involved in scopolamine statedependent memory in rat “which has been operated
in Islamic Azad university, central Tehran branch.

coeruleus-noradrenergic
behavioral

state

and

system:

modulation

state-dependent

of

cognitive

processes. Brain Research Brain Reserch Review 42,
33-84.
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