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Abstract 	 Objective: To analyze the physiological response of long-term memory (LTM) 
to the molecular changes of brain-derived neurotrophic factor (BDNF) in the 
hippocampus by the treatment of various intensities of physical activity.

	
	 Methods: Subjects were 7–8 week old male Wistar rats weighed between 

201–250 grams. This study was an experimental study with pre-(day-1) 
and post-(day-14) design. Molecular changes reflected by the changes in the 
expression of mRNA and protein of BDNF in the hippocampus. Treatment 
of physical activity on the subjects was running on the Animal Treadmill 
by grouping of the physical activity: light intensity at a speed of 10 m/min, 
moderate intensity at a speed of 20 m/min and heavy intensity at a speed of 
30 m/min. The treatment’s duration was 30 minutes.Then, analysis of data 
on pre (day-1) and post (day-14) which were: LTM response based on travel 
time swimming test, the expression of mRNA (Ct) and protein (%) of BDNF in 
hippocampus based on RT-PCR and immunohistochemistry.

	
	 Results: The results showed that moderate intensity group caused the better 

physiological and molecular responses than the other groups, as follows: 
travel time (0.6260 vs 0.7270 vs 0.9400 vs. 1.4000 seconds (p<0.05)), mRNA 
BDNF expression (17.2320 vs 18.8800 vs 19.7540 vs 20.7750 Ct (p<0.05)), 
and hippocampal BDNF protein expression.

	
	 Conclusions: The study conclude that the moderate intensity is the best 

physical activity to improve LTM as showed by the BDNF mRNA expression as 
well as BDNF protein in hippocampus. 

	
	 Keywords: Intensity, long-term memory, brain-derived neurotrophic factor, 
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Introduction

Exercise will improve the capability of nerve 
system and is expected to optimize the lifetime 
learning and improve memory. Memory is a 
comprehensive sense related to the ability 
to store information at a certain time and 
may result in different responses based on 
the stored information. Hippocampus and 
Amygdala play an important role in memory 
formation. Hippocampus plays role in the  
neuronal networks to enable the delivery of 

impulses or informations while amygdala is a 
structure that plays a role when it involves the 
emotions that arise from the experience.1–9 

The memory formation requires neuronal 
activities as response to a information stimulus 
referred to as the Information Processing. 
Memory is formed from experience as well 
as from external environmental stimulation 
in the learning process. Stimulation from the 
learning process will be delivered as electrical 
or chemical impulses to the brain through 
neurons. Potentiation is electrical or chemical 
conduction of impulses between neurons. 
Long-term and repeated potentiation will 
result in long-term memories.5,9 Nevertheless, 
mechanism of the physiological response to 
molecular changes in the nervous system after 
exercise and it’s effect on long-term memory 
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are still not clear.  Various exercise intensities  
play important roles in both physiological and 
molecular adaptations of the body. The effect 
of these various intensities on the long term 
memory formation in the hippocampus is  
important to be identified.

Results have shown some physical changes 
in the hippocampus due to regular exercises 
including increases in neurons, synapses and 
neurotransmitters which are stimulated by 
increased expression of both brain-derived 
neurotrophic factor (BDNF) mRNA and also 
protein.11–17 The brain-derived neurotrophic 
factor is a neurotrophin encoded by a gene 
called BDNF. In humans, the BDNF gene is 
found in chromosome 11 with allele variations 
between valine and methionine at codon 66 
(Val66Met).10,11

The formation of BDNF takes place in the 
endoplasmic reticulum and is stored in the 
vesicles for later secretion into the synaptic 

cleft. Brain-derived neurotrophic factor serves 
to encourage the growth and differentiation of 
the new neurons (neurogenesis) and supports 
the ability of neurons to survive. Brain-derived 
neurotrophic factor active in the brain cortex, 
prekorteks, but dominantly in the hippocampus. 
Brain-derived neurotrophic factor may affect 
learning and memory processes through 
expression of BDNF mRNA and BDNF protein 
synthesis in hippocampus.12,13

Methods

The subjects were 40 male Wistar rats (Rattus 
norvegicus) that met the following inclusion 
criteria: male, aged 7–8 weeks, weight 201–
250 grams, and in a healthy state. The study 
group was divided into eight groups of 5 Wistar 
rats: K-1 (only treated by swimming test and 
thereafter will be sacrificed on day-1), K-14 
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Post hoc Test for Differential of Long-term Memory between Low, Moderate,  
and High Intensity Groups

Fig. 1

Variable Group Day   (min) ± SD ANOVA p Value
Control Day-1 1.49 ± 0.06

Day-14 1.31 ± 0.05
Low Day-1 1.19 ± 0.08

Travel time Day-14 0.26 ± 0.25 3.423 0.008
Moderate Day-1 1.13 ± 0.04

Day-14 0.13 ± 0.05
High Day-1 1.31 ± 0.07

Day-14 0.58 ± 0.1

x

:67–72

Table 1 ANOVA Test for Differential Long-term Memory between Low, Moderate,    and 
High Intensity Groups
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(only treated by swimming test on the 14th 
day and thereafter will be sacrificed), R-1 & 
R-14 (treated by a low intensity at a 10 m/min 
with a duration 30 min and finally sacrificed 
on day-1 for R-1 and sacrificed on day-14 for 
R-14), S-1 and S-14 (moderate intensity group, 
20 m/min with a duration 30 min treadmill 
exercise), B-1 and B-14 (high intensity group, 
30 m/min with a duration 30 min treadmill 
exercise). The S-1, S-4, B-1, and B-14 were  
sacrificed at a similar time and procedure.

The health of the animal was determined 
based on the following signs: hair does not 
fall out and brightly colored; nails intact with 
no damage; tail looks clean with no wound or 
injury seen; normal aggressiveness; and has 
good appetite. Hippocampal BDNF mRNA is a 
messenger RNA of brain-derived neurotrophic 
factor expressed in the hippocampus tissues 
of wistar rats. The BDNF mRNA expression 
was measured using RT-PCR method (Ct 
(cycling-threshold)). Cycling-threshold in 
the reaction cycle threshold of the RT-PCR 
method is seen as hippocampal BDNF mRNA 
expression that ranges from the amplification 

to the replication processes. The hippocampal 
BDNF protein is a protein which is encoded 
by hippocampal BDNF gene. Brain-derived 
neurotrophic factor expression in wistar rat’s 
hippocampal tissue can be observed through  
immunohistochemical staining that is focused 
on cornu ammonis 1 (CA1) area. The criteria 
for the assessment of hippocampal BDNF 
protein expression is based on the intensity 
of brown staining (immunohistochemistry) 
in the CA1 area of the hippocampus. In this 
study, the number of immunohistochemical 
preparations observed for the hippocampal 
BDNF expression in each group was five and 
the observations of the hippocampal BDNF 
expression was based on a percentage of the 
preparations number in each group within 
percent unit (%). The focus of the hippocampal 
BDNF expression analysis in this study was 
the expression of BDNF in hippocampal strong 
positive criteria ((+) strong). 

Long-term memory (LTM) is time needed 
(in seconds) by the rats to swim to the platform 
(target) in the swimming test. The increase in 
LTM is visible from the shorter time required 

Day Control Low Moderate High
Day-1 Number 1 2 2 3

Cell body (+) strong (%) 20% 40% 40% 60%
Day -14 Number 1 4 5 1

(+) strong (%) 20% 80% 100% 20%

Variable Group Day   (min) ± SD ANOVA p Value
Control Day-1 18.01 ± 1.46

Day-14 17.75 ± 1.28
Low Day-1 22.8 ± 4.06

Travel time Day-14 18.75 ± 0.71 10.231 0.000
Moderate Day-1 20.87 ± 0.71

Day-14 18.64 ± 0.57
High Day-1 18.06 ± 0.78

Day-14 16.4 ± 0.55

x

:67–72

Table 2 Anova Test for Differential of Hippocampus mRNA BDNF Expression between Low, 
Moderate, and High Intensity Groups

Table 3 Crosstabs for Differential of Protein BDNF Expression in Cell Body between Low, 
Moderate and High Intensity Groups on Day-1 and Day-14
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to finish the task. The swimming test is a test 
performed by the Wistar rats where they 
were put in the swimming container and the 
time they take to reach the target platform or 
pedestal (in seconds) placed in the container 
is measured. The swimming container had a 
diameter of 1.5 meter and a depth of 0.5 meter. 
The bottom of the container was divided into 
four sections or quadrants and a platform or 
pedestal was placed on the quadrant.

The analysis of hippocampal BDNF mRNA 
was conducted by quantitative real time PCR 
(RT-PCR). Sampling was done after sacrificing 
the subject by decapitation at the head and the 
brain was removed. The hippocampal tissue  
was then collected for RNA isolation. 
Oligonucleotide primer. The primer of specific 
genes was taken from the Primer Data Bank. 
The primer and probe used in this study were: 
RNA Primer Rat BDNF

AGCAGCCCTGGTATCAGCTATCAAACAACGAGGT-
GATAGAATGCATCACCCAGGGCAGAGTCCTTCAGC-
G G C C T C G C A C G T G T C C C C A G G A G G T G T A C -
GAGCTGATGCTGGGATGCTGGCAGCGGGAAC-
CACACACAAGGAAGAACATCAAGAACATCCACA-
CACTCCTTCAGAACTTGGCGA

Forward 5’AGCAGCCCTGGTATCAGCTA 3’ 
->Ekson 18

Reverse 5’TCGCCAAGTTCTGAAGGAGT 3’ -> 
Ekson 19

Reverse transcription. Superscript First-
Strand Synthesis System for RT-PCR was used 
for reverse transcription. The procedure used 
was based on the Invitrogen protocol.

Hippocampus BDNF protein examination 
was conducted using the immunohistochemical 
staining method. The principle of this staining 
is that the anti-BDNF antibody genes will bind 
to the antibodies. The rat anti-BDNF antibody 
reagents used were the BDNF N20 Santa Cruz, 
USA. The immunohistochemical examination 
procedure consists of four stages, namely: 

paraffin block preparation, sectioning, HE 
staining, and immunohistochemistry. 

The entire procedure was performed based 
on the procedure approved by the Health 
Research Ethic Commitee of the Faculty of 
Medicine, Universitas Padjadjaran. The wistar 
rats were treated according to the feasibility 
and as sentient beings in accordance with 
the Helsinki agreement (The Declaration of 
Helsinki) 2004 issued by the World Medical 
Association. Rats were placed individually in 
standard cages and were given food and drink 
ad libitum. 

During the study, the rats were kept at room 
temperature of 24±10C with 12 hours light–12 
hours dark. Rats were placed in 60x40x30 cm 
cages with each cage contained 5 rats. The 
cages were arranged on several shelves.  

During the study, the rats performed a 
physical activity in the form of running on a 
treadmill as prescribed in the study procedure. 
Two mL of blood was drawn from the rat’s 
heart under anesthesia on day-1 and -14. After 
treatment was completed on day 1 and 14, 
rats were sacrificed by decapitation that they 
died almost instantly  Actions were carried out 
separately from the existence of other animals. 
Rats that had been sacrificed for the good of 
humanity should be respected and treated 
humanely; hence, they were buried.

Results 

The ANOVA (p<0,05) and the Post-hoc results 
show the physiological response of LTM based 
on the time achieved in swimming test (Table 
1). They were  0.6260 vs 0.7270 vs 0.9410 
vs 1.4000 seconds (Fig. 1). From the ANOVA 
(p<0.05) analysis, it was apparent that there 
were molecular changes in the mRNA BDNF 
expression, based on the cycling treshold in 
the RT-PCR method (Table 2 and Fig. 2). 

The post-hoc results of the mRNA BDNF 
expression on moderate, low, high and controls 

Day Control Low Moderate High
Day-1 Number 1 1 2 3

Axon (+) strong (%) 20% 20% 40% 60%
Day -14 Number 2 2 5 1

(+) strong (%) 40% 40% 100% 20%

Response of Long-Term Memory to Molecular Changes of BDNF in Hippocampus in Various 
Intensities of Physical Activity

:67–72

Table 4 Crosstabs for Differential Protein BDNF Expression in Axons of Low, Moderate, 
and High Intensity Groups on Day-1 and Day-14
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were17.2320 vs 18.8800 vs 19.7540 vs 
20.7750, respectively. The immunochemistry 
analysis showed the expression of the 
hippocampus protein BDNF expression which 
are described (Table 3 and 4).

Discussion

The results of the present study showed that 
the moderate physical activities can improve 
LTM which was apparent from the shorter 
travel time in swimming test when compared 
to other physical activity intensities. These 
regular and well programmed activities with 
moderate intensity have been proven to be 
effective for optimized cardiovascular and 
respiratory functions as well as perfusion in 
all areas including the brain system. The well 
supported perfusion system in brain tissue, in 
terms of nutrition, oxygen and glycogen, will 
improve the brain function, specifically the 
hippocampus that plays an important role in 
LTM formation especially in responding to the 
external environment.1–3,6–8

Long-term memory is a continual process 
of repetition and association of short-term 
memory, which is a temporary potentiation 
of neuronal connection.4,5,9 The long-term 
memory need consolidated gene expression 

and protein synthesis with the consolidation 
occurs in the hippocampus, the most potential 
area in the brain system. This consolidation is 
mediated by a specific molecule, BDNF. 13,15,18,19

Brain-derived neurotrophic factor protein 
expression in the cell body and axon of the 
hippocampus reflects that BDNF synthesized 
in cell body is then distributed through  
the axons of hippocampus neurons. This  
physiological process gives us an insight into 
the molecular mechanism in hippocampus 
neuron improvement in LTM formation. 14,15,16  
The moderate physical activity could stimulate 
the neurogenesis in hippocampus that would 
then lead to the complexity of dendrites and  
then finally influence the learning and memory 
process.17,18

Brain-derived neurotrophic factor, an active 
molecule at cornuamnosis 1 (CA1) area on 
hippocampus, is the most active neurotrophin 
in stimulating and controlling the neurogenesis 
process. Physical activities can be considered 
as on of the precipitating factors to initiate this 
process.19,20

It is concluded that the physical activities 
with moderate intensity is the best activity to 
improvE BDNF mRNA and protein expressions 
in hippocampus, which could optimize the 
long-term memory formation.

Differential of Hippocampus mRNA BDNF Expression between Low, Moderate, 
and High Intensity Groups

Fig. 2
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