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Objective: Due to the prevalence of stress in modern life and its impact on spatial memory,

the role of inhibitory systems in brain areas such as the nucleus accumbens (NAc) in

reducing stress is important. The current study aimed to examine the response of NAc shell

GABAB receptors to stress and the role of intraperitoneally (i.p.) and intra-NAc injection of

the GABAB receptor agonist baclofen on spatial memory impairments in stress-exposed rats.

Methods: Eighty adult male Wistar rats were randomly divided into ten groups (n=8): two

were control groups for intra-NAc and i.p baclofen; two groups were subjected to stress and

injected with saline (baclofen vehicle); three groups were given baclofen (1, 5, and 10 µg/rat)

intra-NAc 5 mins before stress was induced; and three groups received baclofen (1, 5, and

10 mg/kg/i.p.) 30 mins before being subjected to stress. Foot-shock stress was applied for 7

consecutive days. Behavioral assays using the Barnes maze were performed 24 hrs after the

last baclofen injection.

Results: Both the intra-NAc and the i.p administration of baclofen dose-dependently

reduced escape latency and total distance and increased velocity in the treatment groups in

the training trials. In the probe test, the rats that had received 5 mg/kg of baclofen had the

highest target frequency, but there no significant differences were observed in velocity,

duration, or distance to the target between the groups.

Conclusion: According to the findings, baclofen can dose-dependently improve spatial

memory, and GABAB receptor in the NAc plays an important role in spatial memory.
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Introduction
Stress has a broad spectrum of harmful effects on both the health and the cognition

in adult animals and humans.1,2 Stress is associated with many disorders, including

post-traumatic stress disorder, depression, and schizophrenia.3

A large body of research has focused on stress and its effects on behavioral

disorders. These studies have investigated the role of neurotransmitters, especially

gamma-aminobutyric acid (GABA), in suppressing the effects of stress.4 The

release of specific neurotransmitters and neuromodulators and the interaction

between areas such as the prefrontal cortex (PFC), amygdala, hippocampus, nucleus

accumbens (NAc), and hypothalamus are involved in response to a stressful

situation.5

GABA is a fundamental neurotransmitter that is broadly distributed in the

central nervous system.6,7 GABAB receptors are G-protein-coupled receptors that

inhibit adenylate cyclase activity and mediate the slow and prolonged component of

synaptic inhibition.8 Baclofen (β – chlorophenyl – GABA, Lioresal), the only
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clinically available GABAB receptor agonist used in the

treatment of spasticity and skeletal muscle rigidity, has

shown therapeutic effects in a wide range of other indica-

tions, including drug dependence, learning and memory,

analgesic, anxiety disorders, and depression.9 The anxio-

lytic effects of baclofen have been reported in a few pre-

clinical investigations.10 The intracerebroventricular

administration of baclofen did not induce anxiolytic

effects in rat,11 but baclofen was effective at reducing

anxiety when it was infused into the NAc shell.12 Other

studies have reported that baclofen did not affect anxiety-

like behavior or learning and memory processes.13

Recent reports have documented that the NAc is

a major structure that may play a critical role in the

etiology and pathophysiology of depression.14,15 Stress in

patients with depression and in animals leads to dysfunc-

tion of the hypothalamic-pituitary-adrenal axis,16,17 which

stimulates neuron atrophy in areas of the brain such as the

NAc that is involved in reward pathways.18,19

NAc is a major structure that has been recognized to

play a key role in the organization and control of stress

responses. Acute stress has been shown to impair spatial

memory in male rats, and it has been shown that NAc

neural activity plays a role in spatial memory and

learning.19,20 For example, pre-training ibotenic acid

lesions of the NAc impair spatial memory in rats as seen

in their performance of the Morris water maze (MWM)

task.21 The NAc receives dense glutamatergic projections

from different brain areas, such as PFC, and from other

limbic structures, such as the amygdala and

hippocampus.22 Medium-sized spiny neuronsare the main

cell type in the NAc and mainly express dopamine, gluta-

mate, and GABA receptors.23

Baclofen has been used in various studies to determine

the role of GABA receptors in learning and memory tasks.

Deficits in passive avoidance,24 spatial memory

impairments,25 and memory retention are some of the

effects of baclofen on behavioral tasks.26

The impairment of learning and memory caused by

baclofen is seen in the inhibition of spatial learning in

mice through baclofen activating the PKA pathway.

Furthermore, previous studies have indicated that baclo-

fen plays an important role in improving cognitive def-

icit caused by methamphetamine (METH) in mice.27

GABAergic receptor in the NAc shell modulates METH-

mediated learning deficit so that the microinjection of

the GABAA receptor agonist in the NAc increases

METH-induced spatial memory deficits. These findings

confirm the role of NAc GABAergic receptor in spatial

memory.28 Baclofen, a GABAB receptor agonist, mark-

edly improved the spatial reference memory impairments

and its efficacy may be related to the regulation of HCN

channels.29 As for the role of GABAB receptors in

mediating spatial memory and the involvement of NAc

in this type of memory, the role of GABAergic receptor

of NAc in spatial memory in stress-exposed rats is not

yet clearly understood. Therefore, in the present study,

the effects of local and systemic administration of baclo-

fen on spatial memory in a stress-exposed rat model

were investigated.

Materials and methods
Ethic statement and animals
All the following procedures and animal care protocols

were approved by the Animal Experiment Committee at

the Kerman Medical University (Ethics Code: EC/94–52/

KNRC) and were performed in line with the “NIH Guide

for the Care and Use of Laboratory Animals”. Eighty adult

male Wistar rats (180–250 g) were obtained from the

Neuroscience Research Center, Kerman, Iran, and housed

in a room with a natural light cycle and constant tempera-

ture (24±2°C). Food and water were available ad libitum.

All behavioral studies were performed between 08:00 and

14:00.

Experimental design
The animals were divided into ten groups (five groups i.p

and five groups intra-NAc, n=8 per group): two intra-

NAc and i.p. control groups. Two groups were exposed

to stress and injected with saline (baclofen vehicle) intra-

NAc and i.p. Three groups were given baclofen (1, 5, and

10 µg/rat) intra-NAc 5 mins before stress induction, and

three groups received baclofen (1, 5, and 10 mg/kg) i.p.

30 mins before stress induction.13,37 Behavioral assays

were performed 24 hrs after the last baclofen injection

(8th day) (Figure 1).

Surgery and drug administration
After 7–10 days of acclimation to the colony room, the rats

were anesthetized using i.p. injections of ketamine (75 mg/kg)

and xylazine (10 mg/kg), and then a 26-gauge guide cannula

(Plastics One, Roanoke, VA)was implanted bilaterally into the

NAc shell (AP=1.7 mm, ML=±0.8 mm, and DV=5.6 mm).

The cannula was fixed to the skull with dental acrylic, and all

experiments were done one week after recovery.
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Baclofen (purchased from Sigma-Aldrich, Stelnheim,

Germany) was infused into the NAc through an injection

needle (30-gauge, 11-mm) attached to a Hamilton syringe

and polyethylene tubing.

Histology
After completion of the behavioral tests, rats were eutha-

nized with an overdose of ketamine and their brains were

removed. The location of the cannula was determined

using a light microscope and atlas plates (Figure 2).29

Foot-shock stress
The apparatus used for stress induction consisted of plex-

iglas supplied by the Borje-Sanat Corporation, Tehran,

Iran30 and nine equal compartments (16×16×54 cm). The

apparatus floor was equipped with stainless steel rods

(4 mm in diameter) placed 1.3 cm apart. The rods were

attached to a generator that was controlled by a computer.

Electric foot-shock stress was applied for 7 consecutive

days between 08:00 and 13:00. Animals were placed in

a stress box 20 mins before exposure to stress. During the

session in the foot-shock box, rats received five foot shocks

(voltage of 60 V and frequency of 10 Hz for 10 s). The

animals in the control group were placed in the compart-

ments without being subjected to foot shock. The time for

stress induction for each animal was randomly selected for

minimum stress adaptation.

Behavioral testing
Apparatus

Spatial learning in the rats was assessed using a Barnes

maze,31 made from white round Plexiglas with a diameter

of 92 cm. Twenty holes (8 cm in diameter) were installed

on the perimeter at a distance of 2 cm from the edge.

Under the escape hole, a dark Plexiglas chamber that

could be changed was set between the holes. This circular

platform was then mounted on a stand 100 cm above the

ground and balanced. A 120 W light was placed on top of

the maze. The rats were trained to find the escape hole

according to visual cues (eg, squares, circles, or triangles)

Control

Intra-NAc
injection groups

Intraperitoneal
injection groups

Control

Stress

Stress

Stress+Baclofen 1µg/rat

Stress+Baclofen 1mg/kg

Stress+Baclofen 5µg/rat

Stress+Baclofen 5mg/kg

Stress+Baclofen 10µg/rat

Stress+Baclofen 10mg/kg

Surgery

Behavioral testing

Day 0 212019181716151413121110987654321

Recovery Stress+Baclofen injections
Pre-
tranining

Training
phase Prode

trial

Sacrificing

Figure 1 Experimental groups and time-line diagram showing the protocol used for all groups except for intraperitoneal injection groups that did not have surgery and cannulation.
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attached to the walls around the room. During testing, the

experimenter stood in a fixed position in one corner of the

room 1.5 m away from the maze. A video camera

(Logitech High Definition Webcam) was suspended

144.8 cm above the center of the maze, and a laptop

computer that operated the video camera was located

next to the investigator. The testing room was located

inside a larger behavioral suite that included a separate,

central room where the rats were kept in home cages

before and between trials.

Procedure

At day 0 (habituation), each rat was placed in the maze for

4 mins with the lamp turned off. On the training day, each

trial began by the rat being put in a black starting cylinder

(∅: 8 cm, height: 12.5 cm) which was placed in the center

of the platform and removed after 10 s, allowing rats to

freely explore the apparatus. The animals were given 90

s to find the target hole. If rats could not successfully find

the target hole, they were gently guided into it. After

finding the main hole, the rat remained in the same state

for 60 s. This protocol was repeated for 4 consecutive days

(four training sessions per day). After testing each rat, the

maze around the target hole was cleaned using ethanol. In

the training phase, the escape latency, velocity, and total

distance to reach the target hole were measured for each

trial of each individual rat.

Twenty-four hours after the last training day (the

probe day), each rat was placed inside the center of the

maze and given 2 mins to explore it. On the probe day,

animals cannot escape through the target hole. After 2

mins, the buzzer was turned off and the rat was trans-

ferred to its cage. During the probe phase, the distance

traveled by the animal to reach the target, target fre-

quency, velocity in target, and time to reach the target

hole were recorded.

Statistical analysis
All of the statistical analyses were performed using IBM

SPSS Statistics 20 software (Chicago, IL, United States).

All data were expressed as mean±SEM The Barnes maze

training in the acquisition phase was analyzed using a two-

way ANOVA along with repeated measures to determine

the differences of the learning rates of the groups. The

obtained data from probe trials were analyzed using one-

way ANOVA. In all cases, Tukey post-hoc test was used

for multiple comparisons. The accepted level of signifi-

cance for all tests was P<0.05.

Figure 2 Location of microinjection cannula tips in the brain for all animals used for intra-nucleus accumbens shell injections in this study.
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Results
Effects of stress and baclofen administration on spatial

learning in the training trial

The effect of i.p injection (1, 5, and 10 mg/kg) and intra-

NAc administration (1, 5, and 10 µg/rat) of baclofen before

inducing stress on spatial memory was determined using the

Barnes maze. The data on the i.p. administration groups are

shown in Figure 3A–C. Two-way ANOVA indicated that the

escape latency (Figure 3A) was significantly higher in

stress-exposed rats than in rats of the control group during

training trials (p<0.05), showing spatial learning impairment

in the stress-exposed rats. The administration of baclofen in

the three groups (baclofen 1, 5, 10 mg/kg) improved stress-

induced impairment of spatial learning (p<0.05). The velo-

city rates for the i.p. administration groups are shown in

Figure 3B. No significant difference was observed among

any of the groups except the stress+baclofen1 mg/kg.IP

group, which showed a significantly higher velocity than

the stress-exposed rats group during the 3rd-day training

trials (Figure 3B); P<0.05).

The results for total distance for the i.p. administration

groups are shown in Figure 3C. The total distance was lower

in the stress-exposed rats than in the rats of the control group

on day one of training (P<0.05). The administration of baclo-

fen in the treatment groups (baclofen 5, and 10 mg/kg) low-

ered total distance compared to the control group (P<0.05).

Data for the intra-NAc baclofen administration groups

are shown in Figure 4A–C. Two-way ANOVA indicated that

escape latency (Figure 4A) was significantly higher in the

stress-exposed rats than in the rats of the control group during

training trials (P<0.05), showing spatial learning impairment

in the stress-exposed rats. The administration of baclofen in

the three groups (1, 5, and 10 µg/rat.NAc) improved the

stress-induced impairment of spatial learning (p<0.01).

The velocity rates for the intra-NAc baclofen administra-

tion groups are shown in Figure 4B. There was a significantly

higher velocity rate in the baclofen1.intra-NAc group than in

the stress-exposed rats and the control groups during the first-

day training trials (Figure 4B); p<0.05.

The total distances for the intra-NAc administration

groups are shown in Figure 4C. Total distance was lower

in the stress-exposed rats than in the rats of the control group

during training (p<0.05). The administration of baclofen in

the treatment groups (stress+baclofen 1, 10 µg/rat) reduced

the total distance compared to the control group (p<0.05).

Effects of stress and baclofen administration on spa-

tial learning in the probe trial are shown in Figure 5A–D.

The probe test was conducted 24 hrs after the last train-

ing trial, and the mean percentages of distance, time in

the target quadrant, frequency, and velocity in the target

quadrant were analyzed to assess spatial memory reten-

tion. The Tukey’s test following one-way ANOVA indi-

cated that time in the target quadrant in the i.p. baclofen

administration group (stress+baclofen 5 mg/kg. IP) was

significantly longer compared to the stress-exposed rats

(p<0.01) (Figure 5C). A comparison of the treatments
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ANOVA and repeated measure used for the analysis of these data. Data are shown as mean±SEM (n=8). (*) p<0.05, (**) p<0.01, vs control group. (#) p<0.05, (##) p<0.01,
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groups indicated that time in the target quadrant was

significantly longer in the (stress+baclofen 5 mg/kg. IP)

group than in the other treatment groups (stress+baclofen

1 and 10 mg/kg. IP) (p<0.001) (Figure 5C); however, in

the (stress+baclofen 10 mg/kg. IP) group, the time in the

target quadrant was significantly less compared to the

stress-exposed rats (p<0.01) (Figure 5C). Effects of stress

and baclofen administration on spatial learning in the
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probe trial in NAc groups are shown in Figure 6A–D.

Time in the target quadrant in the intra-NAc baclofen

administration groups (5 and 10 ug/rat. NAc) was sig-

nificantly less compared to the stress-exposed rats

(p<0.05) (Figure 6C).

Discussion
In this study, whether dose-dependent administration of baclo-

fen would alleviate spatial memory in rats following exposure

to stress was investigated. The findings showed that intra-

NAc administration of 1 µg/rat baclofen and i.p administra-

tion of 1 mg/kg baclofen before the training trials improved

spatial memory and cognitive flexibility by decreasing escape

latency on the 3rd day and the 2nd day of training in the

Barnes maze task, respectively. The dosage had no significant

effects on spatial memory on the other 3 days of training. In

both the intra-NAc and the i.p. administration of baclofen

groups, total distance decreased on the 1st day of training in

the Barnes maze task. The current results are consistent with

the previous report that bilateral occlusion of the common

carotid arteries (two-vessel occlusion, 2VO) to induce chronic

cerebral hypoperfusion could cause PFC-dependent spatial

working memory impairment and increase escape latency in

MWM, and this impairment could be restored by treatment

with baclofen. The biologically plausible mechanisms of

baclofen efficacy may be through the upregulation of the

decreased HCN2 channel expression in the PFC.32

Velocity to find the target hole was increased on the

1st day of training by baclofen 1 µg/rat in the intra-NAc

group, but it increased on the 3rd day of training by baclofen

1 mg/kg in the i.p. group. The training procedure employed

in the present study indicated that administration of the high-

est and middle doses of baclofen (5, 10 mg/kg and µg/rat)

exerted non-specific effects on velocity during the 4 training

days. Chronic baclofen administration had no effect on the

subsequent expression of spatial memory in the Barnes maze

and no effect on the latency to enter the escape box.33

However, the current study showed that acute baclofen

administration reduced escape latency in this test, although

the other parameters showed no significant differences.
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Figure 6 The effects of foot-shock stress and baclofen (1, 5, and 10 ug/rat, intra-NAc) on traveled distance (A), duration (B), frequency (C), and velocity (D) in the target

quadrant in Barnes maze task. One-way ANOVA and post hoc Tukey’s multiple comparison tests used for the analysis of these data. Data are shown as mean±SEM (n=8). (#)
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The present study showed that rats in the i.p. adminis-

tration of baclofen (5 mg/kg) group spent the longest time

in the target quadrant during the probe trial. Although no

significant differences in duration, distance, or velocity in

the target quadrant between the baclofen-treated groups

were observed, rats treated with baclofen 10 mg/kg i.p.

and the intra-NAc administration of baclofen (5, 10 µg/rat)

showed a statistically significant decrease in the time in

the target quadrant. It may be this decrease is correlated

with impairment of spatial memory that is probably caused

by the inhibitory role of GABAergic receptor of the NAc

in spatial memory.34 Baclofen 10 mg/kg disrupted memory

maintenance in rats performing the passive avoidance

task.35 Castellano et al have provided evidence that baclo-

fen at 10 and 30 mg/kg in different memory tests and dose-

dependently disrupted learning and memory in rodents

when administered systemically.36 In previous studies,

baclofen infused subcutaneously (1 mg/kg and 5 mg/kg)

did not influence spatial learning in any of the tested doses

during the training trial of the MWM test; however, the

highest dose of baclofen (10 mg/kg) increased escape

latency and distance traveled in the training and reduced

the time spent in the correct MWM quadrant in the probe

compared with the controls and the animals receiving

lower doses of baclofen (1 mg/kg and 5 mg/kg).37 The

difference between the current results and the results pre-

sented in the mentioned articles can be explained by dif-

ferences in the methods that were used. In the present

study, the role of stress, treatment dosage, behavioral

test, and the duration of the experiment was important.

According to our opinion, the dose of baclofen is very

important but we suggested that the activation of

GABAergic receptor in the NAc is related to the effects

of stress on spatial memory. Generally stress plays a key

role in the interacting of baclofen effects on spatial

memory.

Pilipenko et al demonstrated that rats given baclofen at

a dose of 0.05 mg/kg showed significantly shorter escape

latency compared with the streptozotocin group on

training day 1, whereas lower doses of baclofen

(0.025 mg/kg) protected the rats against STZ-induced spa-

tial learning impairments on training days 2–4. This data

indicates the memory-enhancing effects of very low doses

of GABA-B receptor agonists.38 Recently, a very low dose

(0.01 mg/kg) of baclofen was shown to promote cell

survival in a mouse model of Huntington’s disease which

exhibited an improvement in behavior and enhanced activ-

ity of the ubiquitin-proteasome system.39

The current study showed spatial memory impairment

in the stress group through increased escape latency and

decreased velocity in the Barnes maze task. This finding is

consistent with previous findings referring to the vulner-

ability of GABAergic receptor to many factors such as

stress.40,41 Here, it is suggested that the activation of

GABAergic receptor in the NAc is related to the effects

of reduced stress on spatial memory.

It is well known that GABAergic receptors as inhibi-

tory receptors are abundant in brain structures such as the

ventral tegmental area, NAc, amygdala, and medial PFC,

and impairment of these neurons is related to major

depression.42,43 It seems that the activation of

GABAergic receptors in the NAc and different doses of

baclofen reduced the destructive effects of stress.

Consistent with previous reports, it was found that,

depending on the dose, baclofen can impair or improve spatial

memory in rats by decreasing distance traveled and escape

latency in the Barnes maze task.44 As discussed in some of the

literature, the different effects of baclofen on learning and

memory tasks may be related to the side effects of this drug

or the complexity of inhibitory currents in metabotropic

receptors on learning and memory tasks.45 Taken together, it

is determined that GABAB receptors play an important role in

the formation of spatial memory. Furthermore, baclofen dose-

dependently decreased the impairing effect of stress on spatial

memory, its efficacy may be related to the regulation of HCN

channels. According to our findings, baclofen can dose-

dependently improve spatial memory deficit in stress-

exposed rats. Both intra-NAc and i.p. administrations of

baclofen mediate the memory improvement by decreasing

escape latency and total distance and increasing velocity in

the training trials to find the escape box in the Barnes maze

task and increased the frequency in the probe trial.

In summary, the present study shows the GABAB recep-

tor activation ameliorates spatial memory impairments in

stress-exposed rats. Baclofen can dose-dependently

improve spatial memory, and GABAB receptor in the

NAc plays an important role in spatial memory. Findings

of the present study could have important implications for

the development of novel strategies for the treatment of

stress-related disorders. Increased understanding of the

mechanisms involved in spatial memory may be useful in

the treatment of psychiatric disorders.
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