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ABSTRACT 

Background. the basal ganglia’s circuit dysfunction has a major role in a range of movement disorders. Some 

evidence has shown that exercise can improve performance, especially locomotor activity after brain injuries. There 

was currently insufficient information to define the impacts of intensity, duration, and frequency of different 

exercises. Objectives. in this study, we examine the role of mild forced treadmill exercise and GABA-B agonist on 

locomotor activity and anxiety-behavior dysfunction of ibotenic acid injection in striatum. Methods. forty male 

Wistar rats were randomly split into five groups. The animals received ibotenic acid infusions into striatum 

bilaterally. Locomotor activities of rats were assessed by open-field apparatus. Results. Our results showed that mild 
forced treadmill exercise and GABA-B could significantly increase distance in open field and decrease anxiety-

behavior in treadmill and drug groups than lesion group (P=0.008 and P=0.001 respectively). Conclusion. There is 

no significant difference between treadmill and drug groups. So, mild forced treadmill exercise and baclofen could 

improve motor dysfunction of lesion by ibotenic acid injection in striatum and anxiety-behavior. 

KEY WORDS: Striatum, Ibotenic Acid, Spatial Memory, Treadmill Exercise, Locomotor Activity. 
 

INTRODUCTION 
Preparation and execution of intentional 

movements require activity of the motor cortex. 
In particular, the interaction between motor cortex 

and basal ganglia seems to be organized in 

relatively segregated cortico-striato-nigro-

thalamocortical (CSNTC) loops (1). Basal ganglia 
comprises several interconnected nuclei in the 

forebrain, midbrain and diencephalon. In 

primates, basal ganglia includes the following: 
striatum (caudate and putamen), subthalamic 

nucleus, globus pallidus (internal and external 

segments), and substantia nigra (pars compacta 

and pars reticulata) (Figs 1 and 2) (2). Basal 

ganglia’s output to the thalamus remains 
segregated into “motor” functions. Output from 

the motor portion of internal globus pallidus (GPi) 

reaches predominately the thalamus, which, in 

turn, projects to cortical motor areas that are 
closely related to the sequencing and execution of 

movements (3). The classical neurotransmitter of 

striatal, pallidal and SNr projection neurons is 
GABA. Basal ganglia circuits are organized 

anatomically to receive input from virtually all of 

cerebral cortex and to send inhibitory output via 
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thalamus back to frontal lobe targets. The output 

from GPi and SNpr is inhibitory and uses GABA 

for its neurotransmitter (4). The pathway through 

the striatum to GPi and SNpr is inhibitory. Since 
the output of GPi and SNpr is inhibitory, the 

results are focused facilitation and surround 

inhibition of thalamocortical and brainstem target 
neurons (5). 

 

 
Figure 1. Basal ganglia and adjacent structures in 
coronal section [Reference by Mink, 2001 (2)]. 

 

 

 
Figure 2. Simplified schematic diagram of basal 

ganglia circuitry. Excitatory connections are indicated 

by open arrows, inhibitory connections are indicated 

by filled arrows [Reference by Mink, 2001 (2)]. 

 
 

The spectrum of abnormal movements caused 

by disorders of the basal ganglia falls under the 
rubric of what neurologists term movement 

disorders. Basal ganglia dysfunction can lead to 

movement disorders such as dystonia, chorea, 

and Parkinsonism (6). Striatal lesions produced 

consistent deficits in tests of sensorilocomotor 
activity (7), skilled paw reaching (8-10), discrete 

trial maze and runway tasks (11) and complex 

visual discrimination tasks (12). Several studies 
have described that in nonhuman primates, large 

lesions of globus pallidus alone or in 

combination with lesions of substantia nigra 
cause motor deficits (5). Striatal lesions in 

animals would be expected to produce GABA 

receptor upregulation in the pallidum and SNr 

because of the loss of GABAergic afferents to 
these nuclei (6). GABA-B receptors are involved 

in the modulation of GABAergic transmission in 

GPe and GPi. It is possible that changes in the 
functions or localization of these receptors 

contribute to changes in GABAergic 

transmission (13). Chen et al., (2002) suggested 
that GABA-B receptor in globus pallidus plays 

an important role in the regulation of movement 

by modulating glutamatergic inputs at a 

presynaptic site (14). Galven et al., (2011) 
showed that injections of baclofen in GPe and 

GPi lead to a significant increase in the 

proportion of spikes in rebound bursts in 
parkinsonian animals, but not in normal animals 

(13). So, dysfunction of the striatum causes 

inhibitory input to the Gpi and other nucleus is 

disturbed. 
Some studies have suggested that exercise 

may improve the motor manifestations of 

Parkinson’s disease (PD) and that restricted use 
in rats may potentiate neuro degeneration  (15). 

Exercise and motor training can improve the 

performance of balance-related activities in 
people with PD  (16). It has been reported that 

exercise can protect neurons from various brain 

insults (17, 18). Garcia et al., (2012) in their 

research, concluded that acrobatic exercise 
induced changes in the expression of synaptic 

and structural proteins mainly in the motor 

cortex and striatum, which may underlie part of 
the learning of complex motor tasks. Treadmill 

exercise, on the other hand, promotes more 

robust changes of structural proteins, especially 
in the cerebellum, which is involved in learned 

and automatic tasks  (19). Results of Aguiar’s et 

al., (2009) work showed that the potential of low 

to moderate physical exercise (running wheel 
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and treadmill vehicle) is a useful tool in the 

prevention of motor and cognitive impairments 

associated with CNS monoaminergic depletion 

(20). The current knowledge supports physical 
activity (e.g. aerobic exercise) as an important 

preventive factor against the onset of brain 

injury and that physical exercise (e.g. treadmill) 
is crucial for the maintenance or slow decline of 

optimal functional ability levels in patients with 

striatum impairments (18). In this context, many 
publications have reported anxiolytic and 

antidepressant effects of exercise, resulting in 

better management of stress (21). The results 

obtained by different authors suggest the need to 
specifically investigate the time and dose-

dependent relationship between aerobic fitness 

and cognitive performance (22). 
Extensive evidence from animal and human 

studies (23, 24) suggests that exercise has a 

positive impact on cognitive and emotional 
aspects of behavior but there is currently 

insufficient information to enable a precise 

definition of the best exercise program for 

patients with brain damages. It is not clear 
whether forced exercise could improve 

movement disorders and what intensity and 

duration of it is needed for this purpose.  As 
reported in previous studies, GABA-B receptor 

in globus pallidus plays an important role in the 

regulation of movement. Some studies showed 

that high dose of GABA-B could disturb 
cognition function (25-28) and there isn’t 

enough evidence on the effects of GABA-B on 

anxiety-behavior. This study investigated the 
effects low dose of baclofen injection in internal 

globus pallidus on locomotor activity and 

anxiety-related behaviors. Also, present research 
focuses on the role of mild forced treadmill 

exercise on locomotor activity and anxiety-

related behaviors after stereotaxic rats were 

bilaterally injected ibotenic acid in striatum. 

 
MATERIALS AND METHODS 
Participants. Forty male Wistar rats 

weighing 200–250 g at the time of surgery 
purchased from Pasteur Institute of Iran were 

used. They were housed in large cages (eight per 

cage) and kept on a 24 hour light-dark cycle 
(lights on at 7:00 am and off at 7:00 pm) in a 

room held at a temperature (25 ± 2 °C). After 

surgery and before testing, each animal was first 

handled (10 minutes) daily for a week. 

Declaration of Helsinki and the internationally 

accepted principles on procedures for animal 

experimentation were followed, and all efforts 
were made to minimize the animals’ suffering 

(29). 

Study Design. After a week of adaptation to 
colony room conditions, each rat was randomly 

divided into six groups (n = 6).  

1. Group 1 and 2 and 3. Control, intact and 
sham operated groups [Cpu (distilled)]; 

control and intact (nonoperatic rats were 

intact and to control for any non-exercise 

effects of treadmill running (handling, novel 
environment, noise and vibration), untrained 

control rats (sedentary) were placed on top of 

the treadmill apparatus for a time period 
equivalent to exercise training). Cpu 

(distilled) control-operated rats were infused 

and distilled bilaterally ICV. 
2. Group 4. Cpu (IA) (lesion with ibotenic acid 

(IA) solution in distilled (5μg/μl) was 

injected bilaterally ICV). 

3. Group 5. Cpu (IA) + treadmill (lesion with 
ibotenic acid (IA) solution in distilled 

(5μg/μl) was injected bilaterally ICV after 

one week of recovery for rats running on 
treadmill: rats were trained on the treadmill 

running for 4 meters/minutes for 10 minutes, 

7 meters/minute for 10 minutes, 10 

meters/minute for 10 minutes (7 days) for 4 
weeks). 

4. Group 6. Cpu (IA) + Gpi (Bac) (lesion with 

ibotenic acid (IA) solution distilled (5μg/μl) 
was injected bilaterally ICV, after one week 

of recovery  baclofen (0.05 µg/ 0.5µl) was 

microinjected into the internal globus pallidus 
in the animal which was awake as the same 

time of treadmill program and test day) (14). 

 

Open field tests were carried out to evaluate 
the capacity of locomotor activity and anxiety-

behavior for each group after 4 weeks of mild 

treadmill exercise. 
Surgical Method. Rats were anesthetized 

with combination of ketamine (5 mg/100 g of 

body weight (b.w.)) and xylazine (1 mg/100 g 
b.w. IP). Ibotenic acid (Sigma-Aldrich) was 

injected bilaterally using a 1 μl Hamilton 

Syringe in doses of 5 μg dissolved in 1 μl 

distilled into striatum at coordinates 0,35; ±3,05; 
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5,5 mm (anterior; lateral; ventral) relative to 

bregma using a stereotactic atlas for orientation 

(29, 30), According to a standard stereotaxic 

atlas (31), a guide cannula constructed from 
stainless steel was implanted into the internal 

globus pallidus (2.4 mm posterior, ±2.8 mm 

lateral from the bregma, 6.8 mm ventral from the 
skull surface), on either side. The cannula was 

fixed to the skull with stainless steel screws and 

dental acrylic. Stainless steel styles were used to 
keep the cannula sealed. To test the specificity of 

the effect of baclofen in the globus pallidus, the 

tip of the cannula was placed in some animals in 

the structures surrounding the center of the 
internal globus pallidus. Sham animals received 

bilaterally an equal volume of distilled into the 

striatum. Finally, the wound closed with simple 
sutures (14).  

Microinjection Procedure. During 5 days 

following the surgical methods, for recovery, 
drug and vehicle were administrated into the 

internal globus pallidus bilaterally through the 

guide cannulas (23 gage) using injection needles 

(30 gage) connected by polyethylene tubing to 

10.0-μl Hamilton microsyringe. 0.5µl vehicle or 

doses of baclofen were injected during 3–4 

minutes. The needle was left in place for another 

60 seconds before it was slowly withdrawn (14, 
27).  

Training Protocol. A six-lane motorized 

rodent treadmill was utilized for exercise 
training. All of the exercised rats were allowed 

to adapt to treadmill running for 10 minutes on 

2 consecutive days (first day at 5 
meters/minute; second day at 8 meters/minute) 

(33).  Animals trained at a speed (10 minutes at 

4 meters/minute, 10 minutes at 7 

meters/minute, 10 minutes at 10 meters/minute) 
with 0° of inclination (34).  After the exercise, 

rats were returned to their cages  with free 

access to food and distilled water. The rats in 
the non-exercise groups without running on the 

treadmill were kept for the same period as the 

exercise group. Rats were subjected to 
locomotor activity testing beginning 24 hours 

after MWM. Figure 3 illustrates the 

experimental design of the study.

 

 
Figure 3. After one week adaptation in a standard cage and handling, on day 7, rats from lesion and sham 

groups underwent surgery and were allowed to recover for five days after stereotaxic surgery. Rats in the 

exercise (treadmill) and treadmill and ibotenic acid-induced lesion groups (IA) were subjected to 4 weeks of 
treadmill exercise on a treadmill for rodents. Twenty-four hours later, exercising rats were given the open field 

test. Finally, rats were euthanized and brain tissue was removed.  

 

 

Behavioral Assessment (open field 
apparatus). We evaluated the effects of Ibotenic 

acid-induced striatum lesion and baclofen 

injection in internal globus pallidus on 

locomotors activity and rearing (frequency with 
which the animal stood on hind legs in open-

field) according to the animals’ performance in 

the open field (31). 

Statistical Analysis. Differences within or 
between normally distributed data were analyzed 

by t-test and analysis of variance (one-way 

ANOVA), followed by Tukey’s post hoc test. 

All figures were appropriate using Figure Pad 
Prism 6.0 (Figure Pad Software Inc.). 

Statistically significant differences were 

accepted at p<0.05. 
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RESULTS  
Intact, control and sham operated groups 
Open-field test (distance). There was no 

difference in locomotor activity between 

groups (F (2, 21) =1.87, p=0.1) (table 1). 

Open-field test (rearing). There was no 
difference in exploratory behavior between 

groups (F (2, 21) =0.67, p=0.5) (table 2). 
 

Table1. Showed average distance in three groups in 
open-field 

Group N Mean SD 

Control 8 3.8380E3 259.1204 

Cpu(distilled) 8 3.5805E3 364.8942 

intact 8 3.8093E3 233.4257 

 

 
Table2. Showed average rearing in three groups in 

open-field 

Group N Mean SD 

Control 8 7.25 3.536 

Cpu(distilled) 8 5.62 3.159 

intact 8 7.38 3.378 

 

 
Cpu (IA), Cpu (distilled) 

Open-field test (distance). Ibotenic acid 
injection in striatum significantly impaired 

locomotor activity in lesion group compared to 

control group (p=0.001) (Graph 1). 
Open-field test (rearing). Ibotenic acid 

injection in striatum significantly impaired 

exploratory behavior in lesion group compared 

to sham group (p=0.006) (Graph 2). 
 

Cpu (IA), Cpu (IA) + treadmill, Cpu (IA) + 

Gpi (Bac) 
Open-field test (distance). Mild treadmill 

exercise and baclofen injection in internal globus 

pallidus could significantly (F (2, 21) =10.49, 
P<0.01) improve locomotor activity in lesion 

groups than Cpu (IA) group (Graph 3). 

Open-field Test (Rearing). Mild treadmill 

exercise and baclofen injection in internal globus 
pallidus could significantly (F (2, 21) =9.22, 

P<0.01) improve exploratory behavior in lesion 

groups compared to Cpu (IA) group (Graph 4). 

 

 

 
Graph 1. Distance in the open field for 10 minutes was 

significantly decreased in lesion group compared to 

sham group (***p<0.001). 

Graph 2. Rearing (frequency with which the animal 

stood on their hind legs in open field) for 10 minutes was 

significantly decreased in lesion group compared to 

sham group (**p<0.001). 
 
 

DISCUSSION 
Our results showed that striatum lesion by 

ibotenic acid injection impaired locomotor 

activity in lesion group compared to other 

groups. This means that corpus striatum has a 

crucial role in motor and cognition functions. 

Mild forced treadmill exercise could reinforce 

locomotor activity in lesion groups than Cpu 

(IA) group. While there was no significance 
between Cpu (IA) + treadmill and Cpu (IA) + 

Gpi (Bac) groups, treadmill and baclofen had the 

same effect on locomotor activity disorders and 
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anxiety behavior in degenerated animals. 

Moreover, locomotor activity and anxiety-

behavior degeneration in lesion group got better 

after injection of agonist GABA-B in internal 

globus pallidus.  

 

 
 

Graph 3. Distance in open field for 10 minutes was 
significantly decreased in Cpu (IA) group compared to 

Cpu (IA)+treadmill and Cpu (IA)+Gpi (Bac) groups 

(**P<0.01). 

Graph 4. Rearing (frequency with which the animal 
stood on their hind legs in open field) for 10 minutes was 

significantly decreased in Cpu (IA) group than Cpu 

(IA)+treadmill and Cpu (IA) + Gpi (Bac) groups 

(**P<0.01). 
 

 

Our results showed that ibotenic acid 
injection in striatum impaired locomotor activity 

and anxiety-behavior in the animal model. Basal 

ganglia are components of circuits that include 
cerebral cortex and thalamus and the motor 

circuit is particularly important in the 

pathophysiology of movement disorders (32). 
Another study says that the neocortex and 

striatum are linked (33). Pathological inclusions 

are associated with reduced concentration of 

hippocampal dopamine and striatum that caused 
a progressive reduction in dopamine-dependent 

learning and spontaneous locomotion (34). 

Previous studies showed that injection of 
quinolinic acid (QA) into the striatum of rats is 

known to produce deficit in locomotor activity 

and in spatial learning similar to those observed 
in Huntington's disease (HD) (35). Taken 

together, the qualitative ratings suggest that cell 

damage to the caudate-putamen in the rat does 

produces abnormalities in skilled movement and 
these abnormalities can be reflected in reduced 

performance scores. Since the caudate-putamen 

and the motor cortex are connected (36-38), the 

motoric deficits possibly result from disruption 
of some or all of these pathways. Whishaw, 

Zeeb, Erickson and McDonald (2007), showed 

which rats, trained to reach for single food 
pellets with one forelimb, received contralateral 

quinolinic acid or ibotenic acid lesions of the 

medial and lateral caudate-putamen. Their study 
confirmed findings that lateral caudate-putamen 

neurotoxic lesions in the rat impair success when 

the contralateral limb is used to reach for food. 

Their findings showed that these behavioral 
changes of sensorimotor neglect, motoric 

abnormalities and changes in success are 

discussed in relation to the complex 
contributions of the caudate-putamen to skilled 

reaching (33). Their results were confirmed by 

our observations. The aim of Marques et al.,’s 
study was to verify whether enriched 

environment is able to prevent the establishment 

of motor impairment in a cerebral palsy rat 

model. The animals were divided into four 
groups: control group (without CP in a standard 

environment), CP group (CP model in a standard 

environment), EE group (without CP in an 

D
ow

nl
oa

de
d 

fr
om

 a
as

sj
ou

rn
al

.c
om

 a
t 1

2:
59

 +
03

30
 o

n 
M

on
da

y 
D

ec
em

be
r 

10
th

 2
01

8 
   

   
   

[ D
O

I: 
10

.2
92

52
/a

as
sj

ou
rn

al
.5

.4
.3

9 
]  

http://aassjournal.com/article-1-469-en.html
http://dx.doi.org/10.29252/aassjournal.5.4.39


 Mild Forced Exercise and GABA-B Agonist on Locomotor Activity in Striatum Dysfunction                    45 

Modaberi, S., et al. (2017). Ann Appl Sport Sci, 5(4): 39-47. 

enriched environment) and CP-EE (CP model in 

an enriched environment). Their results 

demonstrated that the stimulus increment 

provided by EE can prevent the onset of motor 
deficits and histological changes in a CP rat 

model (39-41). So, they funded the enriched 

environment like exercise in our study which 
could improve movement disorders produced by 

striatum lesion. 

Previous studies showed that mild forced 
physical training improves blood volume in key 

regions for movement without inducing edema 

in old mice (40). De Senna et al., (2015) 

concluded that forced treadmill training could 
improve short-term memory and enhances motor 

performance in diabetic rats (41). Several studies 

have reported that different types of treadmill 
exercise induce an improvement in cognitive and 

movement dysfunction of brain injury (25, 42-

44). Therefore, mild forced treadmill exercise is 
a prepare way to improve movement disorders. 

Very few studies analyzed the relationship 

between exercise and anxiety in human and 

animal models. The results were controversial. 
Burghardt et al., (2004) demonstrated that the 

wheel running produced anxiogenic effects in 

the open-field test, whereas treadmill running 
had no significant effect (45). Another paper by 

García-Capdevila et al., (2009) investigated the 

effects of exercise on anxiety-related behavior in 

young rats (2 months) and showed that after 1 
month of training with voluntary wheel running 

some indicators of emotional reactivity in the 

open-field increased, regardless of the level of 
exercise. These results suggest that the type of 

exercise and duration of its application also 

appear to be important factors when evaluating 
data in the open-field (46). As mentioned in the 

present study, anxiety-behavior after exercise 

innovation improved, like previous studies. 

Consistent with our findings, Pietrelli, Lopez-
Costa, Goni, Brusco, Basso (2012) indicated that 

regular and chronic aerobic exercise has time 

and dose-dependent neuroprotective and 
restorative effects on physiological brain aging 

and reduces anxiety-related behaviors (47).  

Our results showed that GABA-B agonist 
(Baclofen) injection in internal Globus Pallidus 

could improve movement degeneration in lesion 

group compared to the Cpu (IA) group. Also, 

Baclofen caused anxiety-behavior in lesion 

groups that are better than Cpu (IA) group. So, 

Baclofen has the same effect as mild treadmill 

exercise on anxiety-behavior and locomotor 

activity. More recent studies using small 
chemically-induced lesions have demonstrated 

clearly that lesions of GPi or SNpr cause 

abnormal involuntary postures and movement 
(48). Lesions restricted to GPi results in 

slowness of movement of the contralateral limbs 

with abnormal muscle activity (48). Baclofen 
ameliorates motor deficit and reduces latency in 

the rotarod test and number of crossings in open-

field test. This is similar to our findings (49). In 

consistent with our findings, Kim and Seo 
(2014) showed that baclofen administration 

showed tendency to decrease locomotive 

activities of the crossing (50). This opposition 
could relate to the animal models, and in our 

study, all of experiments were done on rats. 

Also, a variety of baclofen dosages might be the 
main factor in this conflicting scenario. In 

summary, functional GABAergic stimulation via 

a GABA-B receptor enhances survival of striatal 

cells and proteasome activity in vitro and 
reduces ubiquitin and consequently induces 

restoration of locomotor activity in vivo. 

Applying another type of physical training such 
as wheel running or voluntary exercise and 

variation of intensity and duration of exercise 

regimen to test this paradigm may be needed for 

future experiments.  Moreover, injection of 
GABA-B antagonist in Gpi can create a different 

effect so far as striatum damage is concerned. 

Further studies can investigate GABA-B agonist 
and antagonist effects on anxiety-behavior.  

   

CONCLUSION 
Our findings suggest that striatum has a 

major effect on motor learning and behavior. 

Mild forced treadmill exercise and GABA-B 
agonist improve motor dysfunction and reduce 

anxiety-behavior in animals with striatum 

damage by ibotenic acid injection. 
 

 

APPLICABLE REMARKS 

 Combination of exercise and drug could 

improve motor function and stress 

behavior in animal models with brain 

impairment. 
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