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ABSTRAK

Latar belakang: Astrosit adalah sel glia yang paling berperan 
dalam plastisitas sinaps. Glial fibrillary acidic protein (GFAP) 
dan heat shock protein 27 (HSP27) plasma merupakan 
parameter reaktivitas astrosit yang diinduksi oleh latihan fisik. 
Durasi olahraga yang dianjurkan oleh American College of 
Sports Medicine (ACSM) adalah 30 menit atau 10 menit setiap 
sesi latihan (total akumulasi 30 menit). Tujuan penelitian 
ini adalah membandingkan kadar GFAP dan HSP27 plasma 
orang dewasa muda pada dua durasi latihan fisik aerobik akut 
intensitas sedang (10 menit vs 30 menit).

Metode: Penelitian dengan desain sebelum dan sesudah 
dilakukan pada 22 subyek yang dibagi secara acak menjadi 
kelompok olahraga sepeda statis sesi tunggal durasi 10 menit 
atau 30 menit. Sebelum dan sesudah uji sepeda statis dilakukan 
pengambilan darah. Kadar GFAP dan HSP2 plasma diukur 
dengan metode ELISA. Uji t-berpasangan digunakan untuk 
membandingkan kadar GFAP dan HSP27 plasma sebelum 
dan sesudah latihan, dan uji t-tidak berpasangan untuk 
perbandingan antara kedua kelompok sesudah latihan.

Hasil: Kadar GFAP plasma menurun (0,45 ng/mL) bermakna 
pada kelompok latihan 30 menit (p<0,05). Kadar HSP27 
plasma menurun (1,71 ng/mL) bermakna pada kelompok 
latihan 10 menit (p<0,05). Kadar GFAP dan HSP27 antara 
kelompok latihan 10 menit (GFAP=0,49 ng/mL; HSP27=2,09 
ng/mL) tidak berbeda bermakna disbanding kelompok 
latihan 30 menit (GFAP=0,45 ng/mL; HSP27=1,71 ng/mL).

Kesimpulan: Latihan fisik aerobik akut intensitas sedang 
durasi 10 dan 30 menit mengurangi reaktivitas astrosi yang 
berarti dapat meningkatkan plastisitas sinaps. Penurunan 
kadar GFAP plasma terjadi sesudah latihan fisik durasi 30 
menit dan penurunan kadar HSP27 plasma terjadi sesudah 
latihan fisik durasi 10 menit. Hasil ini menunjukan bahwa 
tubuh merespons berbeda terhadap durasi perlakuan yang 
berbeda untuk menghasilkan efek yang sama bagi tubuh.

ABSTRACT

Background: Glial fibrillary acidic protein (GFAP) and heat 
shock protein -27 (HSP27) plasma can be used as the parameters 
of exercise-induced astrocyte reactivity. The American 
College of Sports Medicine (ACSM) recommends an exercise 
of 30 minutes or 10 minutes duration (each performing bout 
accumulated toward 30 minutes). The aim of this study was 
to compare GFAP and HSP27 plasma concentrations in young 
adults undergoing acute moderate-intensity aerobic exercise of 
different durations (10 minutes vs 30 minutes).

Methods: An experimental study with pre-post design was 
conducted on 22 participants assigned to either 10 minutes or 
30 minutes duration of single bout exercise. Blood sampling 
was performed before and after the exercise. GFAP and 
HSP27 plasma levels were measured with ELISA methods. 
Plasma GFAP and HSP27 levels before and after exercise were 
analyzed using paired t-test, while GFAP and HSP27 levels 
after exercise between the two groups were processed using 
unpaired t-test.

Results: Plasma GFAP concentration decreased significantly 
(0,45 ng/mL) after 30 minutes of aerobic exercise (p<0.05). 
Plasma HSP27 concentration decreased significantly (1,71 
ng/mL) after 10 minutes of aerobic exercise (p<0.05). 
No significant difference in plasma GFAP and HSP27 
concentrations between 10 minutes (GFAP=0.49 ng/mL; 
HSP27= 2.09 ng/mL) and 30 minutes duration of exercise 
(GFAP=0.45 ng/mL; HSP27=1,71 ng/mL).

Conclusion: Acute moderate-intensity aerobic exercise 
with 10- and 30-minutes duration reduces the reactivity of 
astrocytes indication the increase of the synapse plasticity. 
The decrease in GFAP concentration occurred after 30 
minutes of exercise and the decrease in HSP27 occurred 
after 10 minutes of exercise. These results showed that the 
body responds differently to different treatment duration 
in order to obtain the same effect on the body.

http://dx.doi.org/10.13181/mji.v25i2.1267
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Neurodegenerative diseases such as stroke, 
dementia, Parkinson’s disease, have become 
a public health problems. The incidence of 
neurodegenerative diseases is increasing 
from year to year.1 This increasing incidence 
is partly caused by unhealthy lifestyle, such as 
lack of exercise, smoking, and unhealthy diet.1 
Physical exercise represents one way to prevent 
neurodegenerative diseases. 

Many studies proved that physical exercise has 
a positive impact on human and animal brain.2,3 
Physical exercise increases the plasticity of 
synapses by affecting the neurons and glial cells. 
The recommendations of American College Sports 
Medicine (ACSM) exercise for healthy adult aged 
18 to 65 is moderate-intensity aerobic physical 
activity for 30 minutes five days per week or 10 
minutes each performing bout (accumulated 
toward 30 minutes).4

Astrocytes are the main glial cells that play 
an important role in synaptic plasticity. Its 
important role in synaptic plasticity is by 
supporting the nerve cells in several ways 
such as efficiency of synaptic connections, 
maintenance of neurotransmitter homeostasis, 
formation of the blood brain barrier, protection 
of central nervous system damage, and provision 
of nutrition (metabolic functions).5 

Glial fibrillary acidic protein (GFAP) is an 
intermediate filaments (IF) protein of astrocytes 
and have been used as a classical marker for 
studying astrocytes in healthy and pathological 
state.5 Astrocytes become reactive to pathological 
conditions and this reactivity is marked by up-
regulation of GFAP.5 Studies showed that physical 
exercise affects GFAP.2 Heat shock protein 27 
(HSP27) is one of the factors induced by physical 
exercise to affect GFAP.6-8 Studies showed 
that HSP27 interacts with GFAP and serves as 
chaperones (preventing of protein aggregation).8 
Release of HSP27 to plasma indicates that cells are 
in stress.6,7 HSP27 peaks in plasma approximately 
one hour after stress.7

Besides physical exercise, other factors affecting 
GFAP are brain development, aging, heat stress, 
and neurodegenerative diseases.5-7 Brain 
development and aging will trigger molecules that 
will modulate GFAP, such as ciliary neurotrophic 
factor (CNTF) and nuclear factor kappa B (NFκB).5 

Heat stress and neurodegenerative diseases will 
trigger molecules that will modulate HSP27, such 
as glucocorticoid.6,7

The studies on the effects of physical exercise on 
plasma GFAP levels in humans is unknown, except 
in subjects with neurological disease or normal 
subjects without physical exercise.9,10 GFAP 
levels in blood of healthy people ranges from 
non-detectable to <0.76 µg/L.10 The low level of 
GFAP in normal human plasma showed normal 
astrocytes. Release of GFAP to plasma indicates 
reactive astrocytes.5,9,10 In case of head injury, the 
release of GFAP to plasma peaks after 24 hours.10 
Studies on the effects of physical exercise on GFAP 
are mainly conducted in animals2 while human 
studies are very limited. In addition, studies on 
the relationship of HSP-27 and GFAP under the 
influence of exercise are very limited. 

The aim of this study was to evaluate plasma GFAP 
and HSP27 concentration in acute moderate-
intensity aerobic exercise of different durations 
(10 or 30 minutes). This study is expected to 
be a guide for selecting the duration of aerobic 
physical exercise for people who are new to 
the practice as well as those with high risk for 
neurodegenerative disease.

METHODS

Participants were 22 young healthy male adults 
aged 20.86±0.88 years, were recruited from 
Faculty of Medicine Universitas Atmajaya, 
Jakarta, Indonesia. They were untrained men, 
with normal anthropometric measurements and 
not subjected to exam-related stress. Participants 
were evaluated for their health/fitness using 
an examination form of physical fitness/
health from Indonesian Ministry of Health and 
questionnaire of health/fitness from American 
Heart Association (AHA) or ACSM to ensure that 
they could safely complete the study.4,11 This study 
used the guidelines of the ACSM for the duration 
and intensity of aerobic exercise recommended 
for the age 18–65 years.4 

The protocol of this study has been approved by 
the Health Research Ethics Committee Faculty of 
Medicine, Universitas Indonesia No. 883/UN2.
F1/ETIK/2014. All participants signed informed 
consent.
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Age level was determined through self-
reporting. Resting heart rate and blood 
pressure were measured using the electronic 
sphygmomanometer (Omron, Europe). Height 
and weight were measured, from which body 
mass index were calculated. Waist circumference 
was measured using measuring tape.

Exercise intervention 
Participants were divided into two treatment 
groups, the first group (11 people) performed 
exercise in moderate-intensity {64–74% maximum 
heart rate (-HRmax)} for 10 minutes and the other 
group (11 people) performed exercise with the 
same intensity for 30 minutes. The exercise was 
performed in a single bout exercise. Participants 
experienced three phases, i.e pre-exercise, exercise, 
and post-exercise phases.

In the pre-exercise phase, participants were 
measured for heart rate and blood pressure. 
Then, a heart rate monitor was placed on the 
chest to record heart rate per minute (Polar 
Electro, Finland). The exercise uses a static 
bicycle (Monark, Sweden) with the exercise 
protocol consisting of a two-minutes warm-
up period, a 10- or 30-minutes core exercise 
period, and a five-minutes cool-down period. 
The speed of cycling was set using a metronome 
at 100 times/min and the workload was set until 
participants reached their target HR between 
64–74% of their HRmax to achieve moderate 
intensity. HRmax was calculated using the 220-age 
formula.4 In the post-exercise phase, participants 
were measured for heart rate and blood pressure 
again. 

Blood sampling and examination
Venous bloods sampling was taken before 
and after cycling exercise from median 
cubital vein. Venous blood was stored in 
ethylenediaminetetraacetic acid (EDTA) tubes. 
The blood was centrifuged at 1.000 g and 4 °C 
for 15 minutes, and the supernatant were stored 
at -80 °C until analysis.

Plasma GFAP and HSP27 concentrations were 
analyzed using GFAP ELISA Kit (SEA068Hu, 
USCNK Cloud Clone Corp, USA) and HSP27 ELISA 
Kit (ADI-EKS-500, Enzo Life Science, USA). The 
minimum detectable level of GFAP ELISA Kit is 
0.059 ng/mL, while the minimum detectable level 
of HSP27 ELISA kit is 0.39 ng/mL.

Statistical analysis
Statistical analysis was performed using SPSS 
16. Statistical significance was set at p<0.05. 
Shapiro-Wilk test showed all data were normally 
distributed, except for age. Demographic data was 
tested with unpaired t-test, except the age data 
was tested with Mann-Whitney test. Workout 
heart rate, GFAP and HSP27 levels before and 
after moderate-intensity aerobic exercise of 10- 
and 30-minutes duration were tested with paired 
t-test. Workout HR, GFAP levels and HSP27 levels 
after 10- and 30-minutes aerobic exercise were 
compared with unpaired t-test.

RESULTS

Demographic variables
Data were presented as mean value ± standard 
deviations (SD), or as median (minimum-
maximum) for age data. Details of participant’s 
demographic variables are presented in Table 1. 
Unpaired t-test and Mann-Whitney test showed 
no significant difference between the two 
groups of physical exercise duration in terms of 
age, resting HR, systolic blood pressure (SBP), 
diastolic blood pressure (DBP), body mass index 
(BMI), and waist circumference. The results 
showed that the demographic data of both groups 
are homogenous.

Heart rate
Participants’ heart rate before and after static 
cycling treatment were presented in Figure 1. 
There was a significant difference between the 
mean heart rate before and after treatment in 

Variables 10-minutes 
group (n=11)

30-minutes 
group (n=11)

Age (years) 20 (20-22) 21 (20-22)
Resting heart rate  
(bpm)

73.70 ± 11.45 72.60 ± 11.13

Systolic blood 
pressure  (mmHg)

116.50 ± 7.24 115.50 ± 8.05

Diastolic blood 
pressure  (mmHg)

70.50 ± 7.46 67.80 ± 5.51

Body mass index 
(kg/m2)

21.84 ± 1.84 22.70 ± 1.74

Waist circumference 
(cm)

77.70 ± 5.94 79.20 ± 7.41

Table 1. Demographic data of participants

http://mji.ui.ac.id
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group of 10-minutes exercise, as well as in the 
group of 30-minutes exercise duration. However, 
there was no difference of post exercise heart rate 
between the two groups of exercise duration. 

Plasma GFAP and HSP27 levels
Plasma levels of GFAP and HSP27 before and after 
treatment for each group were presented in Figure 
2. Figure 2a shows a slight but not significant 
increase of GFAP levels after static cycling of 10 
minutes duration, whereas the HSP27 shows 
a significant decrease after exercise. Figure 2b 
depicts GFAP and HSP27 levels before and after 
treatment in the group of 30 minutes exercise 
duration. It showed a significant decrease in GFAP 
levels after exercise, whereas the decrease of 
HSP27 levels was not significantly different after 
treatment than before.

Figure 2c shows that post exercise plasma level 
of GFAP and HSP27 in the groups of 10 -minutes 
exercise was slightly higher than that of 30 
minutes exercise duration. But the difference was 
not statistically significant.

DISCUSSION

This study used treatment protocol based on 
ACSM aerobic physical exercise for healthy 
individuals aged 18–65 years, i.e a moderate 
intensity (64–74% HRmax) with duration of 10 
minutes and 30 minutes.4 We choose static cycling 
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Figure 1. Heart rate before and after static cycling of 10 and 
30-minute duration. *significant difference between the after 
treatment compared to the before treatment in each group of 
exercise duration (p<0.05)
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Figure 2. Levels of plasma glial fibrillary acidic protein 
(GFAP) and heat shock protein 27 (HSP27). Panel A) GFAP 
and HSP27 levels before and after static cycling treatment 
of 10 minutes duration; B) GFAP and HSP27 levels before 
and after static cycling treatment of 30 minutes duration; C) 
GFAP and HSP27 levels after treatment of 10 or 30-minutes 
duration. *p<0.05

for aerobic exercise because it does not require a 
high level of skill and prime level of fitness.4 

Our results demonstrate that acute moderate-
intensity aerobic exercise of 10- and 30-minutes 
duration affect the plasma levels of GFAP and 
HSP27. The 10-minutes duration group showed 
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a non-significant increased of GFAP levels but 
significant decreased of HSP27 levels. While the 
30-minutes duration group showed significant 
decreased of GFAP levels and non-significant 
decreased of HSP27 levels. 

Significant decrease of HSP27 plasma levels and 
non-significant increase of GFAP plasma levels on 
the 10-minutes duration group could be caused 
by several possibilities. The possibility is related 
with sub-optimal regulation of glucocorticoid 
hormones on HSP27 and GFAP. de Kloet et 
al12 revealed that peak levels of glucocorticoid 
hormones occurs after 15–30 minutes of physical 
or psychological stress (eg exercise). Similarly, a 
study conducted by Hill et al13 observed that blood 
cortisol increases after acute moderate-intensity 
aerobic physical exercise of 30-minutes duration. 
Glucocorticoid hormones regulate HSP27 and 
GFAP concentration.6,14 A study conducted by 
Barr et al6 showed that glucocorticoids increases 
HSP27 in brain tissue that gets stressors. 
Study conducted by Nichols et al14 proved that 
glucocorticoids regulate GFAP response by 
lowering its activity.  

Sub-optimal level of glucocorticoid hormones 
result in increase of pro-inflammatory 
cytokines (IL1β) which will cause an increase 
in the expression of GFAP.14,15 Increase in pro-
inflammatory cytokines upregulates Toll-Like 
Receptor (TLR)-4 expression on astrocytes 
membrane or TLR-2 expression on microglia 
membrane.16 This condition may contribute 
to binding of plasma circulating (extracellular 
HSP27) toward TLR-2 or TLR-4 as its recognize 
the receptor, thus resulting in the decrease of 
HSP27 plasma level. 

The second possibility would be related with 
the increase in proinflammatory cytokines 
due to weak glucocorticoid action. And other 
possibility for the decrease in HSP27 is due to 
phosphorylation of HSP27.17,18 Phosphorylated 
HSP27 structures are oligomers that can not 
move out from the cell. Because more HSP27 are 
phosphorylated and can not move out from the 
cell, the plasma HSP27 level decreased.19 Reduced 
plasma HSP27 level causes weak interaction with 
GFAP, thus increasing GFAP plasma level. But the 
mechanism of oligomer formation still needs 
further studies.19 These results indicate that 
HSP27 used up early in interaction with reactive 

astrocytes as well as GFAP level. Astrocytes may 
not be able to effectively adapt to the 10 minutes 
of acute static cycling without the role of HSP27.

Significant decrease of GFAP plasma levels and 
non-significant decrease of HSP27 plasma levels 
on the 30-minutes duration group may be due 
to glucocorticoid hormones that have peaked. 
Increased glucocorticoid hormones cause an 
increase in HSP27 expression and a decrease in 
GFAP expression.6,14  An increase of glucocorticoid 
hormones also enhances the anti-inflammatory 
cytokines (IL-10),20 that would inhibit the 
expression of GFAP through inhibition of IL1β.15 
Increased IL-10 also causes the extracellular 
HSP27 not being used as anti-inflammatory, and 
also causes inflammatory signals to decrease. 
These steps are assumed to decreased the 
expression of TLR so that there will be more HSP27 
circulate in plasma.15,21,22 These results indicates 
that astrocytes was already able to adapt to the 
treatment of static cycling after 30 minutes.

GFAP and HSP27 plasma levels after treatment 
of 30-minutes duration were lower than that 
after treatment of 10-minutes duration, although 
not statistically significant. This contradictory 
result may be due to two possibilities. Firstly, 
the different duration of physical exercise might 
not have a different effect on the plasma levels of 
GFAP and HSP27. Secondly, the body (astrocytes) 
may have tried to maintain homeostasis resulting 
in a statistically non-significant difference. The 
absence of difference of post treatment groups 
of 10- and 30-minute durations, showed that the 
body responds differently to different stressor 
duration in order to obtain the same effect for the 
body. This is shown by the significant decrease of 
HSP27 level after aerobic exercise of 10-minutes 
duration, but after 30-minutes exercise, it was the 
GFAP that decreased significantly.

Lower levels of plasma GFAP and HSP27 after 
30-minutes duration compared to that after 
10-minutes, although non-significant, indicates 
that acute moderate-intensity aerobic exercise 
of 30-minutes duration is better to prevent the 
reactive astrocytes compared to the 10-minutes 
duration because the astrocytes seemed to be 
able to adapt after 30-minutes. However, this 
hypothesis needs further study. The ACSM 
recommended that an exercise duration of 10 
minutes should be accumulated (3×10 minutes 
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per day) and both of the duration of 10 minutes 
and 30 minutes should be performed in long-
term (chronic).

This study was also unable to determine whether 
GFAP and HSP27 detected in plasma is originated 
from the brain, as there is no evidence on the 
correlation between GFAP and HSP27 in the 
brain and in plasma. Therefore, an animal study 
is needed to confirm the correlation between 
plasma and cerebral GFAP and HSP27 levels after 
one-session acute-moderate aerobic exercise.

In conclusion, acute moderate-intensity aerobic 
exercise of 10-minutes duration decreased HSP27 
plasma levels, meanwhile 30-minutes duration 
of exercise decreased GFAP plasma levels. Acute 
moderate intensity aerobic exercise of 10- and 
30-minutes duration has the same effect on 
the activity of astrocytes markers (GFAP and 
HSP27), indicating lowers astrocytes reactivity. 
But lower levels of those two parameters after 
30-minutes duration of exercise compared to 
that of 10-minutes duration should be taken 
into consideration when choosing the exercise 
duration, because the 30-minutes duration 
reduces the reactivity of astrocytes more.
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