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ABSTRACT Thai male sedentary subjects were recruited for acute submaximal aerobic exercise at 60% Maximal

Heart Rate (MHR=220-age) by riding stationary bicycle ergometer for 30 minutes. They are 18 -25 years

old studying in Faculty of Humanity, Faculty of Education, Faculty of Science, Faculty of Social Science,

Srinakharinwirot University. Venous blood samples were collected from right forearm in the case of pre-

exercise, post-exercise immediately and recovery 30 minutes post-exercise for serum Brain Derived Neu-

rotrophic Factor protein using Enzyme Linked Immunosorbent Assay (ELISA). Moreover, verbal short

term memory test using digit span forward and backward as indicator were also measured before and after

exercise immediately. Digit span forward and backward has no significant difference between before and

after exercise. Finally, acute submaximal aerobic exercise for 30 minutes at 60% Maximal Heart Rate has

no significant effect on serum Brain Derived Neurotrophic Factor protein and verbal short term memory

in Thai male sedentary non-medical students.
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Short term memory

ronal transmission, neurodegeneration, neuroprotection,
modulation and plasticity including expression of hip-
pocampal plasticity.  Previous studies in animals have dem-
onstrated that acute and chronic exercise lead an increase
of BDNF in various brain regions3.

Physical activity has also been shown to up-regu-
late hippocampal BDNF, which may play a role in mood
states, learning and memory to lessen the decline in cog-
nitive function associated with Multiple Sclerosis pa-
tients4.  In addition, exercise may promote anti-oxidant
defences and neurotrophic support that could attenuate
CNS vulnerability to neuronal degeneration.  Exercise
exposure may serve as a mechanism to enhance stress
resistance and thereby may support neuronal survival
under heightened stress conditions.  Considering that
axonal loss and cerebral atrophy occur early in the
disease, acute exercise could promote neuroprotection,

INTRODUCTION
BDNF (Brain Derived Neurotrophic Factor), one

of a family of neurotrophic factors, is an immediate early
response gene which responds to various external stimuli
such as stress, learning, physical activity including volun-
tary wheel running, motorized treadmill running, swim-
ming, and maze training1,2.  BDNF participates in neu-
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neuroregeneration and neuroplasticity and reduce long-
term disability5.  Emerging findings suggest that Neu-
rotrophic factors may also affect ANS function during
adult life, in part, mediate the effects of environmental
factors such as exercise and dietary energy intake on ANS
neurons and target cells.

At room temperature, BDNF was found to be im-
mediately degraded.  Circadian changes, but not seasonal
changes, were found in serum levels of BDNF existing
as the mature form with a molecular mass of 14 kDa.
The serum BDNF concentration increased over the first
several years, then slightly decreased after reaching the
adult level in healthy controls (Katoh-Semba et al., 2007).
BDNF protein level does not have linear relationship with
BDNF mRNA6,7.  Previous study reported that animals
with decreased BDNF protein level caused significant
decreased in learning and memory8.  In contrast, ani-
mals with increased BDNF protein level caused signifi-
cant increased BDNF in hippocampus9-11 found that vol-
untary wheel running for 2, 4 or 7 days can increase
BDNF mRNA in hippocampus.  Recent evidence found
that animals exercise for 28 days can increase BDNF pro-
tein significantly with distance increment12.

BDNF protein in hippocampus, frontal cortex, neo-
cortex of rat have positive correlation with serum BDNF
protein (correlation coefficient = 0.81, p<0.01)7.  This
rational make us decide to use serum BDNF protein as
an indirect biomarker to representing BDNF protein in
brain tissue because BDNF protein molecules can pass
blood brain barrier13.  Researchers reported that 60 %
maximal heart rate14 is appropriate to decrease anxiety
and stress resulting in BDNF protein enhancement15.

In this study, we investigate the acute effect of
submaximal aerobic exercise on serum BDNF protein
and verbal short term memory in Thai male sedentary
non-medical students

METHODS
This project has to be accepted and approved by

the ethic committee of Faculty of Medicine,
Srinakharinwirot University.  Twenty sedentary male sub-
jects who have normal electrocardiogram (ECG) were
recruited to join this program voluntarily and signed in-
form consent.  This work was carried out in Faculty of
Physical Education, Srinakharinwirot University.  ECG
subjects were recorded by using portable ECG Model

9620K (NIHON KOHDEN, Japan).  They had not
smoke and drink alcohol during they attended this pro-
gram.  They did exercised less than 3 times a week be-
fore and during they participated this program.  Their
ages are between 18 - 25 years.  They are undergraduate
and healthy male students whom studied in the second
and third year in Faculty of Social Science, Faculty of
Science, Faculty of Humanity and Faculty of Education.
Experimental procedure consists of two dependent tests.
Firstly, they did physical fitness test, PWC 170.  They
started to ride on a stationary bicycle ergometer at 25
watts for 2 minutes.  Then the intensity will be increased
step by step, 25 watts was added for each 2 minutes until
the exercising heart rate was approximately or equal 170.
Exercising heart rate was recorded continuously using
Wireless Heart Rate Monitor (POLAR  Model FS1, Fin-
land).  One week later, they performed acute aerobic
submaximal exercise at 60% Maximal Heart Rate
(MHR=220-age) on a stationary bicycle ergometer
(MONARK: Ergomedic 828 E, Sweden) at 50 rpm for
30 minutes at room temperature (25oC).

Data shown in table 1 was recorded at the begin-
ning of experiment.  Resting systolic and diastolic blood
pressure was measured at the right arm subjects.

BDNF assay
Venous blood samples were drawn into steril-

ized vacuum tubes 3 times consecutively: pre-exercise,
post-exercise and recovery 30 minutes post-exercise and
kept them at room temperature until blood clot appeared.
Then samples were centrifuged at 1,500 rpm for 10 min-
utes, and collected supernatant for serum BDNF pro-
tein assay and stored it at -80oC until use.  Serum was
triplicate diluted 1: 100 in 96 well-plate.  BDNF protein

Table 1 Typical characteristics of subjects

Characteristics of subjects Mean ± SEM

1. Age (yr) 20.25 ± 1.33

2. Weight (kg) 66.42 ± 0.24

3. Height (cm) 170.1 ± 2.23

4. Axillary Body Temperature (˚C) 36.78 ± 1.36

5. Resting Heart Rate (bpm) 75.55 ± 0.11

6. Resting Systolic Blood Pressure (mmHg) 111.5 ± 2.24

7. Resting Diastolic Blood Pressure (mmHg) 71.00 ± 1.82
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was determined by ELISA using BDNF assay kit pur-
chased from Promega, U.S.A.

Digit span test
Digit span test is one of the batteries test of Weschler

Adult Intelligence Scale16 was used as an indicator of
concentration and verbal short term memory.  This test
has two parts including, Digits Forwards and Digits Back-
wards.  Two attempts may be made at each level.  When
a subject fails at both attempts at the one level, the test
has to be ceased.  Digit forwards test starts with the ex-
aminer reading the digit at about one per second to sub-
ject begins with three digits to nine digits.  Then subject
repeats the digits respectively following to the examiner.
Digit forward test starts with three to nine digits while
digit backward test starts with reverse three to eight dig-
its respectively resulting in a total of 14 trials in the for-
ward and backward digit spans, respectively.  The high-
est score of digit forwards was summed with that of digit
backwards during pre-exercise and post-exercise periods.

Statistical analysis
Pre-exercise, post-exercise and recovery 30 minutes

post-exercise BDNF were analyzed by one -way analysis
of variance (ANOVA) at p<0.05.  Moreover, pre-exer-

cise and post-exercise digit span test were analyzed by
student paired t-test at p<0.05.  Data was shown as mean
± SEM.  Analyses were computed using statistical soft-
ware (SPSS 11.5, English version)

RESULTS
The data of all subjects (n=20) shown in this figure

are mean ± SEM.  This figure shows the comparison be-
tween pre-exercise, post-exercise and recovery 30 min-

Experimental protocol 

(RHR= Resting Heart Rate, RBP= Resting Blood Pressure, ABT= Axillary Body Temperature) 

     Start
- Physical fitness
   test (PWC170) 

Finish
- Record RHR, RBP, ABT 
- Pre-exercise digit span test before venous blood
  collection 
- Pre-exercise venous blood collection 6 ml for    
  BDNF protein assay 

       - Aerobic submaximal exercise at 60% MHR 
- Post-exercise venous blood collection 6 ml    
  immediately after exercise for BDNF protein   
  assay
- Post- exercise digit span test after venous blood
  collection 
- Post-exercise venous blood collection 6 ml at   
   recovery 30 min after exercise for BDNF    
   protein assay

1 st time 2 nd time 

Rest 1 week 

 Screening 
- Physical examination 
- ECG

Fig. 1
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utes post-exercise serum BDNF protein concentration.
They are 23.41 ± 1.33 ng/ml, 23.66 ± 1.50 mg/ml and
21.44 ±1.33 ng/ml respectively.  There were no signifi-
cant difference between each period at p<0.05.

Digit span test
Digit span Pre-exercise Post-exercise
Mean ± SEM 14.2 ± 0.71 14.3 ± 0.70

(scores) (scores)
Digit span data shows no significant difference

between pre-exercise and post-exercise period.  Pre-ex-
ercise digit span test is 14.2 ± 0.71 scores while post-
exercise digit span test is 14.3 ± 0.70 scores.

DISCUSSION
Acute submaximal aerobic exercise at 60% MHR

has no significant effect on post-exercise serum BDNF
protein concentration compared with pre-exercise level.
Pre-exercise, post-exercise and recovery 30 min post-
exercise serum BDNF protein concentration are 23.41
± 1.33 ng/ml, 23.66 ± 1.50 mg/ml and 21.44 ±1.33
ng/ml, respectively.  However, there were no significant
difference between each period at p<0.05.  Serum BDNF
protein concentration in healthy human is 16.3 ± 7.30
mg/ml.  Gender has no influence on serum BDNF pro-
tein concentration.  Furthermore, serum BDNF protein
level increases in an age dependent manner.  Previous
studies reported that BDNF protein has positive corre-
lation and significant difference with increased age.  This
study shows that serum BDNF protein have no signifi-
cant difference between each interval.  From results, post-
exercise BDNF protein is 23.66 ± 1.50 mg/ml which
was only slightly higher than pre-exercise BDNF protein
concentration (23.41 ± 1.33 ng/ml).  That should be
the result in acute submaximal aerobic exercise at 60%
MHR might prefer to stimulate glutamatergic neurons17

which are excitatory neurons rather than GABA ergic
neurons which are inhibitory interneurons18.  Acute
submaximal aerobic exercise is an external stimulus which
can stimulate BDNF gene to slightly increase BDNF pro-
tein level by stimulating cholinergic neurons via
septohippocampal axis19-21.  In contrast, it may be the
result from acute submaximal aerobic exercise at 60%
MHR which is not heavy enough to stimulate BDNF
gene to synthesize more BDNF protein.  Although re-
covery 30 min post-exercise serum BDNF protein is less

than pre-exercise BDNF level, but there is no significant
difference.  In addition, this study also shows that acute
submaximal aerobic exercise at 60% MHR has no sig-
nificant effect on verbal short term memory measured
by digit span test.  The mean total score for the digit
span was 16.80 which their ages were between 12-22
years22.  In this study, digit span data shows no signifi-
cant difference between pre-exercise and post-exercise
period, 14.2 ± 0.71 and 14.3 ± 0.70 scores respectively
at age 20.25 ± 1.33.  Moreover, we plan to do further
study by increasing or decreasing the intensity of exer-
cise and increasing the duration of exercise to 45, 60, 90
minutes respectively to gain more beneficial physical fit-
ness data base.

ACKNOWLEDGEMENT
We sincerely thank Assist.  Prof.  Chote Weerawong

M.D.for his kindness to assess the ECG subjects.  This work
was also assisted by Miss Rapeekorn Paimpuech, a psycholo-
gist, for her digit span test analysis.  This work was funded
by Research division, Faculty of Medicine,
Srinakharinwirot University, Bangkok, Thailand.

REFERENCES

1. Lauterborn JC, Rivera S, Stinis CT, et al. Differential effects of
protein synthesis inhibition on the activity-dependent expression
of BDNF transcripts: evidence for immediate-early gene responses
from specific promoters. J Neurosci 1996; 16(23):7428-36.

2. Shieh PB, Hu SC, Bobb K, et al. Identification of a signaling
pathway involved in calcium regulation of BDNF expression.
Neuron 1998; 20(4):727-40.

3. Ferris LT, Williams JS, Shen CL. The effect of exercise on serum
brain derived neurotrophic factor levels and cognitive function.
Med Sci Sports Exerc 2007; 39(4):728-34

4. Gold SM, Schulz KH, Hartmann S, et al. Basal serum levels and
reactivity of nerve growth factor and brain derived neurotrophic
factor to standardized acute exercise in multiple sclerosis and con-
trols. J Neuroimmunology 2003; 138:99-105.

5. White LJ, Castellano V. Sports Med. Exercise and brain health–
implications for multiple sclerosis: Part 1–neuronal growth fac-
tors 2008; 38(2):91-100.

6. Das KP, Chao SL, White LD, et al. Differential patterns of nerve
growth factor, brain derived neurotrophic factor and
neurotrophin-3 mRNA and protein levels in developing regions
of rat brain. Neurosci 2001; 103:739-61.

7. Karege F, Schwald M, Cisse M. Postnatal development profile of
brain derived neurotrophic factor in rat brain and platelets.



Effect of Acute Submaximal Aerobic Exercise on Serum Brain Derived Neurotrophic Factor Protein

67

Panaree B, et al.

Neurosci Letters 2002; 328:261-4.
8. Widenfalk J, Olsan L, Thoren P. Deprived of habitual running,

rats downregulate BDNF and TrkB messages in the brain.
Neurosci Res 1999; 34:125-32.

9. Kesslak JP, So V Choi J, Cotman CW, et al. Learning upregulates
Brain Derived Neurotrophic Factor Messenger Ribonucleic Acid:
A mechanism to facilitate encoding and circuit maintenance. Behav
Neurosci 1998; 112(4):1012-9.

10. Neeper SA, Gomez-Pinilla F, Choi J, et al. Exercise and brain
neurotrophins. Nature 1995; 373:109.

11. Neeper SA, Gomez-Pinilla F, Choi J, et al. Physical activity in-
creases mRNA for brain derived neurotrophic factor and nerve
growth factor in rat brain. Brain Res 1996; 726:49-56.

12. Adlard PA, Perreau VM, Engesser-Cesar C, et al. The timecourse
of induction of brain derived neurotrophic factor mRNA and
protein in the rat hippocampus following voluntary exercise.
Neurosci Letters 2004; 363:43-8.

13. Pan W, Banks WA, Fasold MB, et al. Transport of brain derived
neurotrophic factor across the blood brain barrier. Neuropharma
1998; 37:1553-61.

14. Pollock ML, Wilmore JH, Fox SM. Health and fitness through
physical activity. American College of Sport Medicine Series. New
York: John Wiley & Sons;  1978.

15. Smith M, Makino R, Kvetnansky R, et al. Stress and glucocorti-
coids affects the expression of brain derived neurotrophic factor
and neurotrophin-3 in the hippocampus. J. Neurosci 1995;

15:1768-77.
16. Weschler D. WISC-III manual. Sidcup, UK: The Psychological

Corporation. A Harcort Assessment Company 1992.
17. Castr_n E, Berninger B, Leing_rtner A, et al. Regulation of brain-

derived neurotrophic factor mRNA levels in hippocampus by
neuronal activity. Prog Brain Res 1998; 117:57-64.

18. Zafra F, Castr_n E, Thoenen H, et al. Interplay between glutamate
and gamma-aminobutyric acid transmitter systems in the physi-
ological regulation of brain-derived neurotrophic factor and nerve
growth factor synthesis in hippocampal neurons. Proc Natl Acad
Sci U S A 1991; 88(22):10037-41.

19. Lapchak PA, Araujo DM, Hefti F. Cholinergic regulation of hip-
pocampal brain derived neurotrophic factor mRNA expression:
evidence from lesion and chronic cholinergic drug treatment
studies. Neurosci 1993; 52:575-85.

20. Lang UE, Hellweg R, Gallinat J. BDNF serum concentration in
Healthy Volunteers are Associated with Depression-Related Per-
sonality Traits. Neuropharma 2004; 29:795-8.

21. French SJ, Humby T, Horner CH, et al. Hippocampal
neurotrophin and Trk receptor mRNA levels are altered by local
administration of nicotine, carbachol and pilocarpine. Brain Res
Mol Brain Res 1999; 67:124-36.

22. Julie AH, Joanna B, Jim S. State Anxiety and Working Memory
in Children: A test of processing efficiency.  Educational Psychol-
ogy theory 2005; 25(4):379-93.


