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Research

Abstract 

Brain plasticity, also known as neuroplasticity, is a term that 
encompasses both synaptic plasticity and non-synaptic plasticity it 
refers to changes in neural pathways and synapses due to changes 
in behavior, environment, neural processes, thinking, emotions, as 
well as changes resulted from bodily injury.

Dementia is a set of symptoms, which affect the way people think 
and interact with each other. It can often be linked to a disease 
of the brain. Very often, short-time memory, mind, personality 
change, speech and motor skills are affected. 

Amyloid-beta (Aβ) is a peptide of 36–43 amino acids, that is 
crucially involved in Alzheimer’s disease (AD).  Aβ is the main 
component of the amyloid plaques found in the brains of AD. 
Brain-derived neurotrophic factor (BDNF) is a member of the 
neurotrophin, that supports the survival and and function of cells 
compromised in AD. Decreased BDNF causes defects in long-term 
potentiation and memory and correlates with cognitive decline. In 
addition to predict the event, C-Reactive Protein (CRP) can also 
protect dementia. The increase in the volume of cerebral blood 
flow in physical exercise can improve brain function and retaining 
plasticity. Physical exercise can reduce the risk and slow the decline 
in cognitive function of AD patients.

The purpose of this study was to prove the improvement of brain 
plasticity in the dementia rat model related to the physical exercises. 
Comparison of Aβ deposit, serum BDNF,  cerebrospinal fluid (CSF)  
BDNF, serum CRP levels, astrocytes BDNF and microglia BDNF 
expressions between the physical exercise and  control groups were 
performed in a number of 33 male Wistar rats.

The results of this study indicated that the physical exercises can 
improve brain plasticity. It was found a significant difference (p 
<0.001) of Aβ, deposition depletion in the 2 series of physical 
exercise compared with 1 time physical exercise groups and the 
group without physical exercise. The serum of BDNF, CSF BDNF, 
serum CRP levels, astrocytes BDNF expression in the 2 series 
physical exercise group were significantly different compared with 
1 time physical exercise groups and the group without physical 
exercise, with p values equal to 0.022, 0.002, 0.720, and <0.001 
respectively. No significant difference (p = 0.605) of the microglia 

BDNF expression in the 3 study groups.

Conclusion
Physical exercises in rats may reduce Aβ deposit, increase serum 
BDNF, CSF BDNF, reduce serum CRP levels and increase astrocytes 
BDNF expression. Two set of physical exercises are more effective 
than 1 time physical exercise or without physical exercise.

Keywords: Brain Plasticity; Aβ; BDNF; CRP; Physical Exercises; 
Rat Model of Dementia.

Introduction
Brain plasticity is interconnected neural changes, through a new 
experience in responding to physiological or pathological stimuli. 
The ability of neural interconnections, can be in the form of 
interneuron changes and synaptic reorganization, which is the 
intrinsic development of adult brain tissue in order to keep growing 
through stimulation [1, 2, 3, 4, 5].

Dementia is a collection of clinical symptoms of progressive decline 
in intellectual function, which is caused by a variety of backgrounds 
and disease, characterized by memory loss, accompanied by 
impaired cognitive function such as language skills, orientation, 
construction, abstract thinking and problem solving. Dementia 
can interfere with social functioning, works and activities of daily 
living (AazI., 2003; Anonymous., 2006; Perani., 2006; Lanska., 
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2009; Daffner and Wolk., 2010). The total prevalence of dementia 
is 24 million people and will increase twice every 20 years until 
2040. The prevalence of dementia at age ≥ 65 years to reach 7.1% 
and even higher in the age of 65-69 years [6]. In 2005,  the people 
with dementia in Indonesia around 606,100, and are expected to 
rise twice in 2020 and increases to 5 times in 2050 [7].

Rat model of dementia is a rat that was injected with Aβ into the 
ventricles (intraventricular) and hippocampus (intrahippocampal) 
directly [8, 9,10,11]. The rats will have similar symptoms of 
dementia. The symptoms were poor performance, neglecting 
personal hygiene, slow motion, did not have initiative, and apathy. 
In addition, there were also physically and verbally aggressive 
symptoms. Passively, rats avoid to lighting. There were also found 
circadian rhythm disorders [12, 13]. It was found Aβ plaque 
deposition on  the pathology examination [14].

Aβ is a peptide of 38-43 amino acids, which is synthesized from 
the amyloid precursor protein. In vitro, Aβ is neurotoxic and can 
cause neuronal cell death. In rats, amyloid precursor protein results 
in neuritic plaques that are very similar to the plaque in patients 
with AD [15]. Deposition of Aβ in AD will activate caspase and 
lead to the nuclei and cytoskeletal protein cleavages including tau 
protein. Two major signs of AD neuropathologi are extracellular 
Aβ plaques and intracellular neurofibrillary tangles (NFT). Gliosis, 
reactive astrocytes and typical activated microglia are found in 
AD. Inflammation that occurs to the brain is also accompanied 
by increased expression of acute phase proteins, proinflamatory 
cytokines, microglia, astrocytes and neurons [16].

BDNF is a neurotrophin, the  marker for brain plasticity. It is secreted 
by neurons and glial cells [17,18,19 20]. BDNF is synthesized from 
amino acids 270, started from proneurothropin which is a single 
nukleotide with codon 66, BDNF plays a role in the synaptic 
plasticity and learning [20]. Learning and memory function in the 
brain is governed by the cerebral cortex, hippocampus and frontal 
part of the brain [20]. BDNF is found in almost all tissues of the 
brain with different levels, allegedly the most abundant is in the 
hippocampus. BDNF work on the central and  peripheral nerves, 
helping the lives of neurons, triggering the growth of new neurons. 
BDNF receptor. Trk B (tropomyosin Related Kinase B) plays a role 
in the plasticity of nerve cell regeneration [20, 21, 22]. In adulthood, 
most of the brain retains its ability to keep generating new nerve 
cells, known as neurogenesis process. BDNF is one of the most 
active and important role in the development of nerve cells. 

Physical exercise is one of the factors that contribute to increase 
the flexibility of the brain. The increase of serum BDNF, increase 
of hippocampal and the medial part of the temporal lobe volumes 
and the improvement of memory disorders are found after physical 
exercises [22,23, 24].

CRP is an acute phase protein that is found in the blood. The 
level will increase 100 times, after 24-48 hours of infection [25]. 
Under normal circumstances, CRP was not found in the brain. 
During inflammation, CRP is the most sensitive marker. Several 
studies suggest that CRP present in senile plaques and NFT brains 

of people with AD [26, 27]. Increased level of CRP is associated 
with a decline in cognitive function. High serum level of CRP, is 
an early sign of AD, vascular dementia, and all types of dementia 
[26]. Increased level of CRP can predict and protect the incidence 
of dementia [28]. After 2 years observation to 3000 elderly people 
in America, it was found a relationship between IL-6 and CRP 
levels with the worsening of cognitive function. The higher levels 
of IL-6 and CRP, the more impaired of cognitive function [29]. The 
increase of proinflammatory cytokines and CRP levels may take 
place via paracrine and autocrine and then stimulate glial cells 
to produce Aβ, tau protein and proinflammatory molecules [30]. 
Irregular and short duration of physical activities will increase the 
CRP,  while sustainable and long duration of physical activities 
will decrease [31]. In old age, regular physical activity is associated 
with the decrease of dementia and AD [32]. There is a relationship 
between the incidence of dementia with high levels of CRP in old 
age [33, 34]. Through brain plasticity mechanism, physical activity  
can improve the learning function in experimental animals. 

So far, study on the improvement of exercise-induced brain 
plasticity has not been widely reported (Perrey, 2013). This study 
has not been performed in Indonesia.

Materials and Methods
This study was conducted at the Laboratory of the Faculty of 
Veterinary Medicine, Laboratory of Pharmacology Faculty of 
Medicine Udayana University and laboratory ofl Veterinary 
Denpasar, Bali. Indonesia, during a period of 6 months (September 
2013 - March 2014), and has received approval from the ethics 
committee of the Medical Faculty of Udayana University.

Sample of this study consisted of 33 healthy male Wistar rats, aged 
3 months, with body weight of 150-200 grams. The independent 
variable of study was physical exercise, while the  dependent 
variables were Aβ deposition, levels of serum BDNF, CSF BDNF, 
serum CRP, BDNF expression in astrocytes and microglia. 
BDNF sample (ug / ml) was taken from serum, CSF and brain 
extraction, and measured by ELISA [22,34]. Examination of BDNF 
expression by astrocytes (% of cells) and microglia (% of cells), 
was performed by using immunohistochemistry  anti astrocyte 
and anti microglia antibodies [35, 36]. Aβ deposit was examined 
immunohistochemically. The diameter and color intensity of 
amyloid plaques was assessed by multicolor time-stamp technique 
with a range of values ranging between 1-3 and plaque sizes ranging 
from 1-3. Plaque size 1 = ≤ 14, 2 = 14-30; 3 = 30-50 micro meters 
[37]. Serum CRP level was measured by ELISA.

Physical exercise in rats is a swimming training, that is performed 
according to the Morris Water Maze (MWM) method. A place 
to swim is in the form of a plastic tub, diameter 60 cm, height 25 
cm, and were filled with water up to 15 cm (temperature 25 ± 1.0 
⁰C). In the middle of the pool, 1 cm below the water surface, put 
the plate with a length x width x height = 14x14x14 cm). Each rat 
was trained to swim for 10 minutes. This procedure was observed 
by researchers. If after 60 seconds of exercise, there was a tired 
rat and seemed to sink, then the rat was removed from the bath 
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and dried with a towel. After a 3-second pause, the exercise was 
repeated 3 times, then rest. The next day and the next, the exercises 
were performed again until day 7 (Group 1 series) and up to day 14 
(Group 2 series) [13]. The control group did not receive physical 
exercise.

Study Procedures
33 rats were anesthetized with ketamine 100 mg/kg and xylazine 5 
mg/kg intra-peritoneal [38]. By using Hamilton micro syringe 10 
mL, rats were injected with Aβ (1-40): 2,5 μL/site bilaterally into 
the lateral ventricle and dorsal hippocampus [39].

Randomly, the rat population is divided into 3 groups. Each group 
consisted of 11 rats. Diagnosis of rat model of dementia was made on 
day 21. BDNF and CRP serums of group 1, 2 and 3 were examined 
on day 21(pre training). Group 1 is a rat model of dementia 
without treatment. Serum and CSF was taken on day 28. Then do 
the euthanasia and necropsy to examine the hippocampus immune 
histochemically. In the group 2 (exercise 1 series) after continuing 
training for 7 days, then on day 28 the serum, CSF examinations, 
euthanasia and necropsy were performed. In the group 3 (exercise 2 
series) after 14-day trainings, the same procedures were performed 
on day 35. Rat brain surgeries were performed by a veterinarian.

Results 

Table-1 shows that Physical Exercises on rat model of dementia •	
is very significantly to decrease Aβ deposit. 

Aβ deposit of group 2 (12.20 ± 1.99), is significantly lower than •	
that of group 1 (16:29 ± 0.71).

Aβ deposit of group 3 (9.94 ± 1.41), is significantly lower than •	
that of group 1 (16:29 ± 0.71).

Aβ deposit of group 3 (9.94 ± 1.41), is significantly lower than •	
that of group 2 (12.20 ± 1.99).

ANOVA test shows significant differences of Aβ deposits in all •	
three groups (p <0.001).

These data indicates that the series of Physical Exercises on rat •	
model of dementia  resulted in the decrease of  Aβ deposits. The 
deposit in group 3 < group 2 < group 1 (control).

Table-2 shows that Physical Exercises on rat model of dementia •	
is very significantly to increase serum BDNF level 

Serum BDNF level of group 2 (583.63±515.35), is not •	
significantly different with that of group 1 (549.87±552.32).

Serum BDNF level of group 3 (1144.89±515.84), is significantly •	
higher that of group 1 (549.87±552.32).

Serum BDNF level of group 3 (1144.89±515.84), is significantly •	
higher that of group 2 (583.63±515.35).

Fig-1: Result of Immunohistochemistry Examination of Aβ Deposit

Deposition of Aβ, with a magnification of 400 times; A = Group 1 (Con-
trol, bar 30μm); B = Group 2; C = Group 3 

Table-1: Physical Exercise Effects on Aβ deposit depletion

Groups Aβ deposit (μm)
95% CI

Aβ difference p Value
Lower Upper

Group 1(n=11) 16.29±0.71 15.81 16.78 Ref -

Group 2 (n=11) 12.20±1.99 10.85 13.54 -4.09±0.63 <0.001

Group 3 (n=11) 9.94±1.41 9.00 10.87 -6.34±0.47* <0.001

* Significantly difference with 1 series exercise (p = 0:02)  

** Significantly different among the three groups (ANOVA p <0.001)

Table-2: Physical Exercise Effects on the Serum BDNF Level

Groups Serum BDNF Level (μg/ml)
95% CI

BDNF difference p Value
Lower Upper

Group 1(n=11) 549.87±552.32 944.99 1547.6 Ref -

Group 2 (n=11) 583.63±515.35 929.85 237.41 33.75±230.38 0.885

Group 3 (n=11) 1144.89±515.84 1491.44 798.35 595.01±230.38* 0.015

* Significantly difference with 1 series exercise (p = 0.018) 

** Significantly different among the three groups (ANOVA p <0.022)
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ANOVA test shows significant differences of serum BDNF level •	
in all three groups (p <0.022).

These data indicates that the series of Physical Exercises on rat •	
model of dementia  resulted in the increase of  serum BDNF 
levels. The level in group 3 > group 2 > group 1 (control).

Table-3 shows that physical exercises on rat model of dementia •	
can decrease serum CRP level.

The decrease of serum CRP level of group 2 (334.65±428.81), is •	
higher than that of group 1 (212.21±446.66). 

The decrease of serum CRP level of group 3 (351.17±393.78), is •	
higher than that of group 1 (212.21±446.66).

The decrease of serum CRP level of group 3 (351.17±393.78), is •	
higher than that of group 1 (334.65±428.81).

ANOVA test shows no significant difference of serum CRP level •	
in all three groups (p <0.720).

Although no significant difference, these data indicate that the •	
series of physical exercises on rat model of dementia  resulted in 
the decrease of  serum CRP levels. The level in group 3 < group 
2 < group 1 (control).  

Table-4 shows that physical exercises on the rat model of •	
dementia increase the CSF BDNF level.

CSF BDNF Level of group 2 (972.53±166.41), is higher than •	
that of group 1 (828.84±238.48).

CSF BDNF Level of group 3 (1288.17±396.87), is higher than •	
that of group 1 (828.84±238.48).

CSF BDNF Level of group 3 (1288.17±396.87), is higher than •	
that of group 2 (972.53±166.41), 

ANOVA test shows significant difference of CSF BDNF Level in •	
all three groups (p <0.002).

These data indicates that the series of Physical Exercises on •	
rat model of dementia  resulted in the increase of  CSF BDNF 
levels. The level in group 3 > group 2 > group 1 (control).

Table-5 shows that physical exercises on rat model of dementia •	
increase astrocyte BDNF expression.

Astrocyte BDNF expression of group 2 (63,59±15,52), is higher •	
than that of group 1 (48,72±7,68).

Astrocyte BDNF expression of group 3 (77,95±10,24), is higher •	
than that of group 1 (48,72±7,68).

Table-3: Physical Exercise Effects on the Serum CRP Level 

Groups
Serum CRP Level (μg/ml)

Decreased of CRP level
95% CI

CRP difference p Value
Pre Exe Post Ex Lower Upper

Group 1(n=10) 1141.34 929.12 212.21±446.66 107.31 531.73 Ref -

Group 2 (n=11) 1222.80 888.14 334.65±428.81 46.57 622.73 122.43±184.75 0.513

Group 3 (n=11) 1206.91 855.74 351.17±393.78 86.63 615.72 138.96±184.75* 0.458

* Not significantly different with 1 series exercise (p = 0.843) 

** not significantly different among the three groups (ANOVA p <0.720)  

Table-4: Physical Exercise Effects on the CSF BDNF Level

Groups CSF BDNF Level (μg/ml)
95% CI

BDNF difference p Value
Lower Upper

Group 1(n=11) 828.84±238.48 668.63 989.06 Ref -

Group 2 (n=11) 972.53±166.41 860.74 1084.33 143.68±87.68 0.316

Group 3 (n=11) 1288.17±396.87 1021.55 1554.79 456.32±139.60* 0.013

* no significantly difference with 1 series exercise (p = 0.086) 

** Significantly different among the three groups (ANOVA p <0.022)

Table-5: Physical Exercise Effects on Astrocyte BDNF Expression 

Groups
Astrocyte BDNF

Exp %sel

95% CI
BDNF difference p Value

Lower Upper

Group 1(n=11) 48,72±7,68 43,56 53,88 Ref -

Group 2 (n=11) 63,59±15,52 53,17 74,02 14,35±4,95 0,005

Group 3 (n=11) 77,95±10,24 71,07 84,84 29,23±3,68* <0.001

* No significantly difference with 1 series exercise (p = 0,059) 

** Significantly different among the three groups (ANOVA p <0.001)
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Astrocyte BDNF expression of group 3 (77,95±10,24), is higher •	
than that of group 2 (63,59±15,52).

ANOVA test shows significant difference of Astrocyte BDNF •	
expression in all three groups (p <0.001).

These data indicate that the series of physical exercises on rat •	
model of dementia  resulted in the increase of  astrocyte BDNF 
expressions. The expression in group 3 > group 2 > group 1 
(control).  

Table-6 shows that physical exercises on rat model of dementia •	
increase microglia  BDNF expression.

Microglia BDNF expression of group 2 (140.41±24.68), is •	
higher than that of group 1 (136.50±14.92).

Microglia BDNF expression of group 3 (144.96±18.06), is •	
higher than that of group 1 (136.50±14.92).

Microglia BDNF expression of group 3 (144.96±18.06), is •	
higher than that of group 2 (140.41±24.68)

ANOVA test shows no significant difference of microglia BDNF •	

Table-6: Physical Exercise Effects on Microglia BDNF Expression

Groups Microglia BDNF Exp %sel
95% CI

BDNF difference p Value
Lower Upper

Group 1(n=11) 136.50±14.92 126.48 146.53 Ref -

Group 2 (n=11) 140.41±24.68 12.84 157.00 3.91±8.69 0.960

Group 3 (n=11) 144.96±18.06 132.83 157.09 8.64±7.06* 0.570

* No significantly difference with 1 series exercise (p = 0.948) 

** No significantly difference among the three groups (ANOVA p = 0.605)

Fig-3: Result of Immunohistochemistry Examination 
of Microglia BDNF Expression

Microglia BDNF expression (bar 30 μm) A = Group 1 
(Control,); B = Group 2; C = Group 3

Fig-2: Result of Immunohistochemistry Examination of 
Astrocyte BDNF expression

Astrocyte BDNF expression (bar 300 μm) A = Group 1 
(Control,); B = Group 2; C = Group 3

expression in all three groups (p = 0.605). 

Although no significant difference, these data indicate that the •	
series of physical exercises on rat model of dementia  resulted in 
the increase of  microglia BDNF expressions. The expression in 
group 3 > group 2 > group 1 (control).  

Discussion
In this study we have shown the physical exercise effects on 
several neurobiological substances, that contribute to the onset 
of dementia. The study conducted in Wistar rats,  aimed to assess 
the effectiveness of physical exercise (swimming training) to the 
change of brain substance levels and expressions, such as Aβ, 
BDNF and CRP.

In AD, Aβ deposition will activate caspase, apoptosis, cytoskeletal 
damage and neuronal death (Rubio and Morillas, 2012). Neuronal 
damage caused by to apoptosis, occurs through a variety of mediators 
such as TNF, interleukin-1β-converting enzyme inhibitory protein, 
and other substances [40,41]. In rat experiments, dementia-like 
symptoms arise after 2-4 weeks of Aβ injection. Deposition of Aβ 
mainly occurs in the cerebellum and cerebral cortex [8,10,11,14, 
42, 43, 44,].
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The study result (Table-1) shows that the series of physical exercises 
decreases the  Aβ deposits. The ANOVA test shows significant 
differences of Aβ deposits in all three groups (p <0.001). The 
deposit in group 3 (9.94 ± 1.41)  < group 2 (12.20 ± 1.99) < group 
1 (control) (16:29 ± 0.71).

In rat Model of AD, reported the addition of Aβ plaque gradually [37]. So 
far, no study has reported the volume density or thickness of Aβ deposit. 
The main factor to an increase in Aβ deposits in AD, is 
apolipoprotein E4, which in this study was not evaluated. The 
decrease of Aβ deposit in AD may occur due to an increase of anti-
amyloid antibody. This situation can reduce the symptoms of the 
disease [45].

BDNF is a mediator of neurogenesis. The increase of BDNF serum,  
volume of the hippocampus and the medial part of the temporal 
lobe after physical exercises can improve memory impairment 
[23]. BDNF plays an important role in neural development. In 
normal rat, the physical exercises every day for 7, 14, 28 and 72 
days, can significantly increase BDNF levels in the hippocampus. 
The increase is equal to 150% (day 14), 175% (day 28) and 200% 
(day 72) [1].

The study result (Table-2) shows that the series of physical exercises 
significantly increase the serum BDNF levels. The ANOVA test 
shows significant differences of serum BDNF level in all three 
groups (p <0.022). The level in group 3 (1144.89±515.84)  > group 
2 (583.63±515.35)  > group 1 (control) (549.87±552.32).

In the brain, BDNF is secreted by neurons and glial cells. BDNF 
stimulates and controls the plasticity of the brain. Changes in brain 
plasticity occur due to an increased number of growth factors such 
as vascular endothelial growth factor (VEGF) and BDNF. BDNF is 
a key protein in the regulation for the sustainability of growth, for 
the life of neurons and important activity of synaptic transmission. 
On physical exercises, BDNF can stimulate neurogenesis in the 
form of the formation of new neurons [22,24, 46].

CRP is an acute phase protein. In the event of injury, the level is up 
100 times in 24-48 hours (Landenvall et al., 2006). The pathologic 
changes of AD are thought  to be associated with inflammation. It is 
through the stimulation of  glial cells to produce proinflammatory 
cytokines such as TNF-α, IL-1β, IL-6 and CRP. Proinflammatory 
cytokines stimulate glial cells to produce βA42 and tau protein. 
CRP could be expected to predict the onset of AD. Increased CRP 
is a risk of AD [30]. Through inflammation, increased CRP can 
disrupt cognitive function. (Ge et al., 2013).

The study result (Table-3) shows that the series of physical 
exercises can decrease serum CRP level. The ANOVA test shows 
no significant difference of serum CRP level in all three groups (p 
<0.720). Although no significant difference, these data indicate 
that the series of physical exercises on rat model of dementia  
resulted in the decrease of  serum CRP levels. The level in group 
3 (351.17±393.78) < group 2 (334.65±428.81) < group 1 (control) 
(212.21±446.66).  

Not many explanations of the relation of CRP and AD [33]. 
Prolong and sustainable physical exercise will reduce levels of 
CRP, conversely, irregular and short duration physical exercise will 
increase the CRP [33]. Studies supporting the role of inflammation 
in the pathogenesis of dementia is still very limited because of the 
events underlying the inflammatory process is not clearly known. 
The process is believed to take place through the role of N-methyl-
D-aspartate (NMDA) receptors, an increase of Nitric Oxide (NO), 
intracellular calcium influx, mitochondria disruption, oxidative 
distress, disruption of energy production and the occurrence of 
membrane depolarization [47]. Several studies in healthy subjects, 
found a significant association between increased levels of CRP 
with improved memory function [48,49]. Neurobiologically, there 
is a correlation between CRP with Aβ formation that results in 
dementia. This is not just happening in humans, but also in animal 
models. The things mentioned above show that there are still quite 
a lot of neurobiology mechanisms are unknown. The insignificant 
value of serum CRP level in this study can be related to the lack of 
exercise frequency.

The study result (Table-4) shows that the series of physical exercises 
increases the CSF BDNF level. The ANOVA test shows a significant 
difference of CSF BDNF Level in all three groups (p <0.002). These 
data indicates that the series of physical exercises on rat model of 
dementia  resulted in the increase of CSF BDNF level. The level in 
group 3 (1288.17±396.87) > group 2 (972.53±166.41) > group 1 
(control) (828.84±238.48).

This study shows that the series of Physical Exercises on rat model 
of dementia  resulted in the increase of  serum and CSF BDNF 
levels. These results are also in accordance with some previous 
studies of BDNF and dementia. Many studies on the role of BDNF 
in the nervous system found that BDNF helps the life of existing 
neurons, triggering the growth of new neurons, and help function 
of synapses [20,21,22].

Astrocyte is the most predominant glial cell and account for almost 
half of the adult mammalian brain volume. Greater number of 
astrocyte found in several brain regions and also in species that 
have higher cognitive abilities [50]. Related to dementia, along with 
microglia and proinflamatory cytokines, astrocyte participates in 
the inflammatory process [16].

The study result (Table-5) shows that the series of physical 
exercises increase the astrocyte BDNF expression. The ANOVA 
test shows a significant difference of astrocyte BDNF expression 
in all three groups (p <0.001). These data indicates that the series 
of physical exercises on rat model of dementia  resulted in the 
increase of astrocyte BDNF expression. The expression in group 
3 (77,95±10,24) > group 2 (63,59±15,52) > group 1 (control) 
(48,72±7,68). This study also shows a match between the increase 
of  serum, CSF BDNF levels and the increase of astrocyte BDNF 
expression.

In this study, there is a difference in the expression of BDNF in 
astrocyte and microglia. The study result (Table-6) shows that 



Citation: AA Ayu Putri Laksmidewi, AA Raka Sudewi, Moh Hasan Machfoed and I Nyoman Mantik Astawa (2016) The Decrease of 
Amyloid-Beta Deposit, Increase of Brain-Derived Neurotrophic Factor and Decrease of C-Reactive Protein Levels in the Rat Model of 
Dementia, Related to the Physical Exercises. BAOJ Neuro 2: 015.

Page 7 of 8

BAOJ Neuro, an openaccess journal                                                                                                                                                                 Volume 2; Issue 2; 015

References
1. Cotman CW, Berchtold NC (2002) Exercise: A Behavioral Intervention to 

Enhance Brain Health and Plasticity. TRENDS in Neuroscience 25(6): 
295-301.

2. Carlson NR (2004) Physiology of Behavior. 8th edistion University of 
Massachusetts Boston: Pearson Education, Inc. 27-65. 

3. Nithianantharajah J, Hannan AJ (2006) Enriched Environments, 
Experience-Dependent Plasticity and Disorders of the Nervous 
System. Nature Reviews Neuroscience 7: 697-709. 

the series of physical exercises increases the microglia  BDNF 
expression. The ANOVA test shows no significant difference 
of microglia BDNF expression in all three groups (p = 0.605). 
Although no significant difference, these data indicates that the 
series of physical exercises on rat model of dementia  resulted in the 
increase of microglia BDNF expression. The expression in group 
3 (144.96±18.06) > group 2 (140.41±24.68) > group 1 (control) 
(136.50±14.92).

In the central nervous system, activated microglia play an important 
role in the immune process. Astrocytes and microglia together with 
other immune factors are associated with the synthesis of growth 
factors and adhesion molecules. These cells produce cytokines. 
On the Hematoxylin and Eosin (H & E) staining of the normal brain, 
only a few of the microglia are detected. Related to the rat model of 
dementia, there has been no report on the immunohistochemistry 
examination of glial cells quantitatively [35,36,51].

In normal rat, there is a positive correlation between duration of 
regular physical exercise with brain BDNF levels. The longer the 
exercise, the higher levels of BDNF [1]. But it is not clear how 
much the highest levels of BDNF could be achieved by exercise. 
The insignificant value of microglia BDNF expression in this study, 
can be related to the lack of exercise frequency.

Conclusion
Based on the results of the study, it can be concluded that there are 
improvements of brain plasticity as a result of a series of physical ex-
ercises on the dementia rat model characterized by the presence of:

Aβ deposit depletion on the immunohistochemistry 1. 
examination, compared with controls.

The increase in serum BDNF levels, compared withthe control.2. 

The increase in CSF BDNF levels compared with control3. 

The increase in astrocyte BDNF expression, compared with 4. 
control

No significant difference in serum CRP levels, compared 5. 
withthe control.

No significant difference in microglia BDNF expression, 6. 
compared withthe control.

Further studies are required to determine the effect of more 
physical exercises on the serum CRP levels and microglia BDNF 
expression.

4. Cotman CW, Berchtold NC, Christie LA (2007) Exercise Builds Brain 
Health: Key Roles of Growth Factor Cascades and Inflammation. 
TRENDS in Neuroscience 30 (9): 464-470. 

5. Cheng A, Hou Y, Mattson MP (2010) Mitochondria and Neuroplasticity. 
ASN Neuro 2: 1-5. 

6. Reitz C, Brayne C, Mayeux R (2011) Epidemiology of Alzheimer disease.
Nature Reviews Neurology 7: 137-152. 

7. ADI (Alzheimer’s Disease International) (2006) Dementia in The Asia 
Pacific Region: The Epidemic is Here. Access Economics 1-8. 

8. Christensen R, Marcussen AB, Wortwein G, Knudse GD, Aznar S, et al. 
(2007) Beta Amyloid (1-42) Injection causes Memory Impairment, 
Lowered cortical and Serum BDNF levels, and Decreased Hippocampal 
5-HT2A levels. Exp Neurol 210(1): 164-171.

9. Sipos E (2009) “In Vivo Rat Models of Brain β-Amyloid Pathology” 
(Thesis). Szeged: University of Szeged.

10. Smith EE, Greenberg SM (2009) β-Amyloid, Blood Vessels and Brain 
Function. Stroke 40: 2601-6. 

11. Deng J (2010) Nicotine Exacerbates Tau Phosphorylation and Cognitive 
Impairment Induced by Amyloid-Beta 25-35 in Rats. European Journal 
637(1-3): 83-88.

12. Gotz J, Ittner LM (2008) Animal Models of Alzheimer’s Disease and 
Frontotemporal Dementia. Nat Rev Neurosci 9(7): 532-544. 

13. Dam DV, Dijk AV, Deyn PPD (2011) Behavioral Validation In Animal 
Models of Dementia. In: Deyn PPD, Dam DV editors. Animal Models 
of Dementia. 1st. Ed. New York: Springer Science Business Media 
Humana Press. p. 143-54. 

14. Pirici D, Broeckhoven CV, Kumar-Singh S (2011) Pathological Validation 
of Animal Models of Dementia. In: Deyn PPD, Dam DV editors. Animal 
Models of Dementia. 1st. Ed. New York: Springer Science Business 
Media Humana Press. p. 99-142. 

15. Mattson MP, Gleichman M, Cheng A (2008) Mitochondria in 
Neuroplasticity and Neurological Disorders. J.Neuron 60: 748-766. 

16. Rubio-Perez JM, Morillas-Ruiz JM (2012) A Review: Inflammatory 
Process in Alzheimer’s Disease, Role of Cytokines. The Scientific 
World Journal ID 756357. 1-8. 

17. Kaplan DR, Miller FD (2007) Developing with BDNF: A Moving Experi-
ence. Neuron 55(1): 1-2. 

18. Bear MF, Connors BW, Paradiso MA (2007) Neuroscience, exploring 
the Brain. 3rd edition.Philadelphia: Lippicott Williams & Wilkins 23-
49. 

19. Kolb B, Gibb R (2011) Brain Plasticity and Behavior in the Developing 
Brain. J Can Acad Child Adolesc Psychiatry 20(4): 265-276. 

20. Rauskolb S (2008) “Brain-Derived Neurotrophic Factor: Generation 
and Characterization of Adult Mice lacking BDNF in The Adult Brain” 
(dissertation). Basel Deutschland: Universitat Basel Deutschland. 

21. Cramer SC (2008) A Window into the Molecular Basis of Human Brain 
Plasticity. J Physiol 586(23): 5601. 

22. Kim YM, Ji ES, Yoon SJ, Yoon JH (2013) Sudden detraining deteriorates 
swimming training-induced enhancement of short-term and spatial 
learning memories in mice. J of Exercise Rehabilitation 9(2): 243-
249. 

http://interface.ulb.ac.be/facs/ism/docs/behaviorBDNF.pdf
http://interface.ulb.ac.be/facs/ism/docs/behaviorBDNF.pdf
http://interface.ulb.ac.be/facs/ism/docs/behaviorBDNF.pdf
https://books.google.co.id/books/about/Physiology_of_Behavior.html?id=4xe3QgAACAAJ&redir_esc=y
https://books.google.co.id/books/about/Physiology_of_Behavior.html?id=4xe3QgAACAAJ&redir_esc=y
http://www.ncbi.nlm.nih.gov/pubmed/16924259
http://www.ncbi.nlm.nih.gov/pubmed/16924259
http://www.ncbi.nlm.nih.gov/pubmed/16924259
http://www.ncbi.nlm.nih.gov/pubmed/17765329
http://www.ncbi.nlm.nih.gov/pubmed/17765329
http://www.ncbi.nlm.nih.gov/pubmed/17765329
http://asn.sagepub.com/content/2/5/AN20100019.short
http://asn.sagepub.com/content/2/5/AN20100019.short
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3339565/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3339565/
https://fightdementia.org.au/sites/default/files/20060921_Nat_AE_FullDemAsiaPacReg.pdf
https://fightdementia.org.au/sites/default/files/20060921_Nat_AE_FullDemAsiaPacReg.pdf
http://www.ncbi.nlm.nih.gov/pubmed/18053988
http://www.ncbi.nlm.nih.gov/pubmed/18053988
http://www.ncbi.nlm.nih.gov/pubmed/18053988
http://www.ncbi.nlm.nih.gov/pubmed/18053988
http://phd.szote.u-szeged.hu/Elmeleti_DI/Disszertaciok/2009/de_Sipos_Eszter.pdf
http://phd.szote.u-szeged.hu/Elmeleti_DI/Disszertaciok/2009/de_Sipos_Eszter.pdf
http://www.ncbi.nlm.nih.gov/pubmed/19443808
http://www.ncbi.nlm.nih.gov/pubmed/19443808
http://www.ncbi.nlm.nih.gov/pubmed/20363218
http://www.ncbi.nlm.nih.gov/pubmed/20363218
http://www.ncbi.nlm.nih.gov/pubmed/20363218
http://www.ncbi.nlm.nih.gov/pubmed/18568014
http://www.ncbi.nlm.nih.gov/pubmed/18568014
http://www.springer.com/gp/book/9781607618973
http://www.springer.com/gp/book/9781607618973
http://www.springer.com/gp/book/9781607618973
http://www.springer.com/gp/book/9781607618973
http://www.ncbi.nlm.nih.gov/pubmed/19081372
http://www.ncbi.nlm.nih.gov/pubmed/19081372
http://www.ncbi.nlm.nih.gov/pubmed/22566778
http://www.ncbi.nlm.nih.gov/pubmed/22566778
http://www.ncbi.nlm.nih.gov/pubmed/22566778
http://www.ncbi.nlm.nih.gov/pubmed/17610810
http://www.ncbi.nlm.nih.gov/pubmed/17610810
https://www.amazon.com/Neuroscience-Exploring-Mark-F-Bear/dp/0781760038
https://www.amazon.com/Neuroscience-Exploring-Mark-F-Bear/dp/0781760038
https://www.amazon.com/Neuroscience-Exploring-Mark-F-Bear/dp/0781760038
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3222570/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3222570/
http://edoc.unibas.ch/797/1/DissB_8363.pdf
http://edoc.unibas.ch/797/1/DissB_8363.pdf
http://edoc.unibas.ch/797/1/DissB_8363.pdf
http://onlinelibrary.wiley.com/doi/10.1113/jphysiol.2008.165183/full
http://onlinelibrary.wiley.com/doi/10.1113/jphysiol.2008.165183/full
http://www.ncbi.nlm.nih.gov/pubmed/24278867
http://www.ncbi.nlm.nih.gov/pubmed/24278867
http://www.ncbi.nlm.nih.gov/pubmed/24278867
http://www.ncbi.nlm.nih.gov/pubmed/24278867


Citation: AA Ayu Putri Laksmidewi, AA Raka Sudewi, Moh Hasan Machfoed and I Nyoman Mantik Astawa (2016) The Decrease of 
Amyloid-Beta Deposit, Increase of Brain-Derived Neurotrophic Factor and Decrease of C-Reactive Protein Levels in the Rat Model of 
Dementia, Related to the Physical Exercises. BAOJ Neuro 2: 015.

Page 8 of 8

BAOJ Neuro, an openaccess journal                                                                                                                                                                 Volume 2; Issue 2; 015

23. Erickson KI, Voss MW, Prakash RS, Basak C, Scabo A, et al. (2010) 
Exercise training increases size of hippocampus and improves 
memory. PNAS Early Edition: 1-6. 

24. Foster PP, Rosenblatt KP, Kuljis RO (2011) Exercise-induced cognitive 
plasticity, implications for mild cognitive impairment and Alsheimer’s 
disease. Frontiers in neurology, Riv Artic 06: 1-21 

25. Ladenvall C, Jood K, Blomstrand C, Nilsson S, Jern C, et al. (2006) 
Serum C-Reactive Protein Concentration and Genotype in Relation to 
Ischemic Stroke Subtype. Journal of American Heart Association 37: 
2018-2023. 

26. Hoth KF, Haley AP, Gunstad J, Paul RH, Poppas A, et al. (2008) Elevated 
C-Reactive Protein Is Related to Cognitive decline in Older Adults With 
Cardiovascular Disease. JAGS 56: 1898-903. 

27. Davinelli S, Intrieri M, Russo C, Costanzo AD, Zella D, et al. (2011) 
“The Alzheimer’s Disease Signature”: Potential Perspectives for Novel 
Biomarkers. Immunity and Ageing [cited 2011 Oct. 15]. 

28. Schmidt R (2002) Early Inflammation and Dementia: A 25-Year Follow-
up of the Honolulu-Asia Aging Study. Ann Neurol 52: 168-174. 

29. Flirski M, Sobow T (2005) Biochemical Markers and Risk Factors of 
Alzheimer’s disease. Current Alzheimer Research 2(1): 47-64. 

30. Kramer AG, Craig RG, Dasanayake AK, Brys M, Sobanska LG, et 
al. (2008) Inflammation and Alzheimer’s Disease: Possible role of 
periodental diseases. Alzheimers Dement 4(4): 242-250. 

31. Wilund KR. 2007. Is The anti-inflammatory effect of regular exercise 
responsible for reduced cardiovascular disease? Clinical Science, The 
Biochemical Society 112(11): 543-55.   

32. Qiu C, Kivipelto M, Strauss EV (2009) Epidemiology of Alzheimer’s 
Disease: Occurrence, determinants and Strategies Toward 
Intervention. Aging Research Center. Kalonskika Institutet-Stockholm. 
Sweden. Dialogues Clin Neurosci 11(2): 111-128.

33. Kravitz BA, Corrada MM, Kawas CH (2009) Elevated C-Reactive Protein 
Levels are associated with Prevalent Dementia in The Oldest-Old. 
Alzheimer’s Dement 5(4): 318-323. 

34. Eriksson UK (2010) Inflammation Associated Risk Factors for 
Alzheimer’s Desease and Dementia. Karolinska Institutet, Stockholm. 

35. Atkin D, Reiffen KA, Tegtmeier CL, Winther H, Bonato MS, et al. (2004) 
Immunohistochemical Detection of EGFR in Paraffin-embedded. 
Tumor Tissues: Variation in Staining Intensity Due to Choice of Fixative 
and Storage Time of Tissue Sections. The Journal of Histochemistry & 
cytochemistry 52(7): 893-901. 

36. Pirker R (2012) EGFR-directed antibodies: How to predict efficacy? 
3rd International Thoracic Oncology Congress Dresden. Transl Lung 
Cancer Res 1(4): 269-275.

37. Condello, C, Schain A, Grutzendler J (2011) Multicolor time-stamp 
reveals the dynamics and toxicity of amyloid deposition. Subject areas: 
Neuroscience-Neurodegeneration-Imaging-Cellular Neuroscience. 
Scientific Reports: 1:19 DOI: 10.1038/srep00019: 1-12. 

38. Bagheri M, Joghataei MT, Mohseni S, Roghani M (2011) Genistein 
ameliorates learning and Memory deficits in Amyloid Beta (1-40) Rat 
Model of Alzheimers Disease. Neurobiology Of Learning and Memory 
3(95): 270-276. 

39. Paxinos G, Watson C (2007) The Rat Brain In Stereotaxic Coordinates. 
6th.Ed. Amsterdam: Elsevier Academic Press. 

40. Dong Y, Zhang G, Zhang B (2009) The Common Inhalation Anesthetic 
Sevoflurane Induces Apoptosis and Increases β-Amyloid Protein 
Levels. Arch. Neurol 66(5): 620-31. 

41. Paula VJR, Guimaraes FM, Diniz BS, Forlenza OV (2009) Neurobiological 
pathways to Alzheimer’s Disease. Dementia and Neuropsychologia 
3(3): 188-94. 

42. Koudinov AR, Berezov TT (2004) Alzheimer’s Amyloid-Beta. Acta 
Neurobiol Exp 64: 71-79. 

43. Tsukuda K, Mogi M, Iwanawi J, Min LJ, Sakata A, et al. (2009) Cognitive 
Deficit in Amyloid Injected Mice was improved by Pretreatment with 
Low Dose of Telmisartan Partly Because of Peroxisome Proliferator 
Activated Receptor-γ Activation. AHA journal 54(4): 782-787. 

44. Lawlor PA (2011) Aβ Infusion and Related Models of Alzheimer 
Dementia, In: Deyn PPD, Dam DV editors. Animal Models of Dementia. 
1st. Ed. New York: Springer Science Business Media Humana Press. p. 
347-70. 

45. Bain LJ (2006) A Review of the “State of the Art” on Mild Cognitive 
Impairment. The fourth Annual Symposium.  Alzheimer’s & Dementia 
2(3): 246-256. 

46. Perrey S (2013) Promoting Motor Function by Exercising the brain. 
Brain Sciences 3: 101-122. 

47. Wenk G.L. 2007. Neurodegenerative Diseases and Memory: A 
Treatment Approach. Neurobiology of learning and Memory second 
ed. elsevier Inc. 519-531. 

48. Silverman JM, Beeri MS, Schmeidler J (2009) C- reactive protein 
and Memory Function suggest antagonistic Pleitropy in Very Old 
Nondemented Subjects. Age Ageing 38: 237-241. 

49. Lima TAS, Adler AL, Minett T, Matthews FE, BrayneC, et al. (2013) 
C-reactive protein, APOE genotype and longitudinal Cognitive Change 
in an Older Population. Age and Ageing 43: 289-92.

50. Garman RH (2011) Histology of the Central Nervous System. Toxicol 
Pathol 39: 22. 

51. Hirsch FR, Dziadziuszko R, Thatcher N, Mann H, Watkins C, et al. 
(2008) Epidermal growth factor receptorimmunohistochemistry: 
Comparison of antibodies and cutoff point benefit from gefitinib 
in a phase 3 place-controlled study in advanced nonsmall-cell lung 
cancer. Pub Med. Cancer 112(5): 1114-21.

52. Ge X, Xu XY, Feng CH, Wang Y, Li YL, et al. (2013) Relationships 
among serum C-reactive protein, receptor for advanced glycation 
products, metabolic dysfunction, and cognitive impairments. BMC 
Neurology 13: 110.

http://www.pnas.org/content/108/7/3017.abstract
http://www.pnas.org/content/108/7/3017.abstract
http://www.pnas.org/content/108/7/3017.abstract
http://journal.frontiersin.org/article/10.3389/fneur.2011.00028/full
http://journal.frontiersin.org/article/10.3389/fneur.2011.00028/full
http://journal.frontiersin.org/article/10.3389/fneur.2011.00028/full
http://www.ncbi.nlm.nih.gov/pubmed/16809555
http://www.ncbi.nlm.nih.gov/pubmed/16809555
http://www.ncbi.nlm.nih.gov/pubmed/16809555
http://www.ncbi.nlm.nih.gov/pubmed/16809555
http://www.ncbi.nlm.nih.gov/pubmed/18771451
http://www.ncbi.nlm.nih.gov/pubmed/18771451
http://www.ncbi.nlm.nih.gov/pubmed/18771451
http://immunityageing.biomedcentral.com/articles/10.1186/1742-4933-8-7
http://immunityageing.biomedcentral.com/articles/10.1186/1742-4933-8-7
http://immunityageing.biomedcentral.com/articles/10.1186/1742-4933-8-7
http://www.ncbi.nlm.nih.gov/pubmed/12210786
http://www.ncbi.nlm.nih.gov/pubmed/12210786
http://www.ncbi.nlm.nih.gov/pubmed/15977989
http://www.ncbi.nlm.nih.gov/pubmed/15977989
http://www.ncbi.nlm.nih.gov/pubmed/18631974
http://www.ncbi.nlm.nih.gov/pubmed/18631974
http://www.ncbi.nlm.nih.gov/pubmed/18631974
http://www.clinsci.org/content/112/11/543
http://www.clinsci.org/content/112/11/543
http://www.clinsci.org/content/112/11/543
http://www.ncbi.nlm.nih.gov/pubmed/19585947
http://www.ncbi.nlm.nih.gov/pubmed/19585947
http://www.ncbi.nlm.nih.gov/pubmed/19585947
http://www.ncbi.nlm.nih.gov/pubmed/19585947
http://www.ncbi.nlm.nih.gov/pubmed/19560102
http://www.ncbi.nlm.nih.gov/pubmed/19560102
http://www.ncbi.nlm.nih.gov/pubmed/19560102
https://openarchive.ki.se/xmlui/bitstream/handle/10616/39421/thesis.pdf?sequence=1
https://openarchive.ki.se/xmlui/bitstream/handle/10616/39421/thesis.pdf?sequence=1
http://www.ncbi.nlm.nih.gov/pubmed/15208356
http://www.ncbi.nlm.nih.gov/pubmed/15208356
http://www.ncbi.nlm.nih.gov/pubmed/15208356
http://www.ncbi.nlm.nih.gov/pubmed/15208356
http://www.ncbi.nlm.nih.gov/pubmed/15208356
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4367547/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4367547/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4367547/
http://www.ncbi.nlm.nih.gov/pubmed/22355538
http://www.ncbi.nlm.nih.gov/pubmed/22355538
http://www.ncbi.nlm.nih.gov/pubmed/22355538
http://www.ncbi.nlm.nih.gov/pubmed/22355538
http://www.sciencedirect.com/science/article/pii/S1074742710002054
http://www.sciencedirect.com/science/article/pii/S1074742710002054
http://www.sciencedirect.com/science/article/pii/S1074742710002054
http://www.sciencedirect.com/science/article/pii/S1074742710002054
http://store.elsevier.com/The-Rat-Brain-in-Stereotaxic-Coordinates/George-Paxinos/isbn-9780125476126/
http://store.elsevier.com/The-Rat-Brain-in-Stereotaxic-Coordinates/George-Paxinos/isbn-9780125476126/
http://archneur.jamanetwork.com/article.aspx?articleid=797089
http://archneur.jamanetwork.com/article.aspx?articleid=797089
http://archneur.jamanetwork.com/article.aspx?articleid=797089
http://www.demneuropsy.com.br/detalhe_artigo.asp?id=167
http://www.demneuropsy.com.br/detalhe_artigo.asp?id=167
http://www.demneuropsy.com.br/detalhe_artigo.asp?id=167
http://www.ncbi.nlm.nih.gov/pubmed/15190681
http://www.ncbi.nlm.nih.gov/pubmed/15190681
http://www.ncbi.nlm.nih.gov/pubmed/19635982
http://www.ncbi.nlm.nih.gov/pubmed/19635982
http://www.ncbi.nlm.nih.gov/pubmed/19635982
http://www.ncbi.nlm.nih.gov/pubmed/19635982
http://link.springer.com/protocol/10.1007/978-1-60761-898-0_17
http://link.springer.com/protocol/10.1007/978-1-60761-898-0_17
http://link.springer.com/protocol/10.1007/978-1-60761-898-0_17
http://link.springer.com/protocol/10.1007/978-1-60761-898-0_17
http://www.ncbi.nlm.nih.gov/pubmed/19595894
http://www.ncbi.nlm.nih.gov/pubmed/19595894
http://www.ncbi.nlm.nih.gov/pubmed/19595894
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4061835/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4061835/
http://store.elsevier.com/Neurobiology-of-Learning-and-Memory/isbn-9780080479675/
http://store.elsevier.com/Neurobiology-of-Learning-and-Memory/isbn-9780080479675/
http://store.elsevier.com/Neurobiology-of-Learning-and-Memory/isbn-9780080479675/
http://ageing.oxfordjournals.org/content/early/2009/01/15/ageing.afn278.short
http://ageing.oxfordjournals.org/content/early/2009/01/15/ageing.afn278.short
http://ageing.oxfordjournals.org/content/early/2009/01/15/ageing.afn278.short
http://www.ncbi.nlm.nih.gov/pubmed/24305621
http://www.ncbi.nlm.nih.gov/pubmed/24305621
http://www.ncbi.nlm.nih.gov/pubmed/24305621
http://tpx.sagepub.com/content/39/1/22.
http://tpx.sagepub.com/content/39/1/22.
http://www.ncbi.nlm.nih.gov/pubmed/18219661
http://www.ncbi.nlm.nih.gov/pubmed/18219661
http://www.ncbi.nlm.nih.gov/pubmed/18219661
http://www.ncbi.nlm.nih.gov/pubmed/18219661
http://www.ncbi.nlm.nih.gov/pubmed/18219661
http://www.ncbi.nlm.nih.gov/pubmed/23978069
http://www.ncbi.nlm.nih.gov/pubmed/23978069
http://www.ncbi.nlm.nih.gov/pubmed/23978069
http://www.ncbi.nlm.nih.gov/pubmed/23978069

