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ABSTRACT 

 The research was aimed to analyzing the impact of 7 days arobic exercise in elevating rat cardiac muscle myoglobin.  
Experimental in vivo study on 20 male Wistar rat induced by 20m/ min treadmill aerobic exercise for 1, 3 and 7 days. Research was 
done in Animal house and protein laboratory, Biochemistry and Molecular Biology Department, FK UI and laboratory of 
Biochemistry and Molecular Biology, Biology Department FMIPA UNJ for 10 months. Myoglobin concentration was analyzed by 
spectrofotometry techique based on myoglobin Soret absorbance in λ503nm.  Myoglobin protein expression was assesed with Western 
blot technique. Standard curve measurement on myoglobin content with horse myoglobin shown that there was an increase on the 
absorbance value. The result  showedanthat the standar curve was able to be used as standard curve to calculate myoglobin 
concentration on cardiac muscle within 503 nm. Spectrophotometry myoglobin concentration measurement on Soret absorbance has 
shown increasing concentration on myoglobin since the first treatment day. Mean myoglobin concentration value has increased  on the 
3rd and 7th day, with highest value on the 7th treatment day (0,0656 ± 0,0001). Western blot analysis showed ng on darker band on 
treatment group compared   on  to control. When aerobic exercise was given longer, the band shown darker means that myglobin 
content was higher. Myoglobin concentration can be measured by spectrophotometry on 503 nm. Aerobic physical exercise increased 
myoglobin on rat cardiac muscle since the first treatment day and  still increase oduring the treatment day. Highest level was shown on 
the 7th treatment day. 
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INTRODUCTION  Mammals will develop responses under hypoxic 
condition through some ways. There are erythropoesis, 
angiogenesis, increase glycolitic enzyme and globin protein 
concentration1,2. One of which i.e.  myoglobin protein. 
Myoglobin is a globin class protein which has important rule as 
oxygen storage. Oxygen stored on myglobin will be released 
under hypoxic condition3,4. This rule made myoglobin as a 
target for treatment of some diseases related to hypoxia. One 
modulation known to increase myoglobin is physical exercise5. 
During physical exercise, muscle contraction will occur. This 
contraction is responsible for calcium release from sarcoplasm 
reticulum. The release will activate NFAT (Nuclear factor of 
activated T- Cells) gene. NFAT gene will translocate to 
nucleus and activate the transcription of myoglobin gene6. 
There are two kinds of physical exercise, the aerobic and 
anaerobic. Aerobic exercise is known to enhance aerobic 
metabolism capacity without fatigue and lactate pooling7. 
Based on the background, the study assessed erobic exercise in 
increasing myoglobin content on cardiac muscle. So that the 
modality might be used as therapeutic program ofhypoxia 
diseases or preventing hypoxia. The study also identified the 
impact of treatment day in increasing myoglobin content based 
on spectrophotometry and western blott method. 

 
METHODS 
Study design and sampling  Experimental in vivo study on 20 male Wistar rat induced by 
20m/ min treadmill aerobic exercise within 1, 3 and 7 days. 
Research was done in Animal house and protein laboratory, 
Biochemistry and Molecular Biology Department FK UI and 
laboratory of Biochemistry and Molecular Biology, Biology 
Department FMIPA UNJ for 10 months. The procedure has 
been legalized under the committee of the medical research 
ethics, faculty of medicine, University of Indonesia number 
79/PT.02.FK/ETIK/2011.  
 
Physical exercise induction Rats were given aerobic physical exercised on animal treadmill 
machine based on soya. Rats were run on treadmill machine of 
20m/min for 30 minutes. Treatment was done on 1, 3 and 7 day 
of exercise.  
Myoglobin analysis 

Myoglobin concentration was analyzed by spectrophotometry 
method  based on Myoglobin Soret absorbance in λ503 nm. 
Protein expression was assessed  with Western blot. Cardiac 
muscle of the samples was homogenized and protein 
concentration was measured n myoglobin Soret absorbance 
(503 nm) with myoglobin standard curve equation.  Horse 
myoglobin was used as positive control (sigma Aldrich, USA). 
Homogenized samples with buffer were heated on 95°C and 
inserted into SDS-PAGE well to separate the protein. Proteins 
that have been separated on SDS- PAGE gel were transferred 
into nitrocellulose membrane and incubated  overnight. 
Blocking of the membrane was done by 1% gelatin overnight. 
First antibody reaction was diluted in 1:500 (rabbit  polyclonal 
anti  mouse myoglobin FL 154 by Santa cruz), then as incubate 
for 2 hours. second antibody was diluted in 1:1000 (Goat anti 
rabbit IgG hrp sc 2030 by santa cruz) for 2 hours. Detection 
was done by sinking the membrane into AEC solution (REF 
00-1111 by invitrogen) for 10 minutes. After washing the AEC 
with aquadest, color seen on the membrane was documented. 
 
Statistical analysis Mean values are presented as mean ± standard error of mean 
(SEM). Comparison of the two means of myoglobin 
concentration was carried out by using two ways analysis of 
variance (Anova).  
 
RESULTS 
Myoglobin standard curve  

 Figure 1. Myoglobin standard curve, concentration 
(x, μg/ml) and absorbance (y) of horse on 

λ503 nm 
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Myoglobin concentration measurement Table 1. Rat myoglobin on cardiac muscle (mg/mg tissue) 
Sample Control Aerobic exercise 

  1 day 3 day 7 day 
1 0,0255 0,0580 0,0570 0,0630 
2 0,0255 0,0575 0,0630 0,0630 
3 0,0220 0,0615 0,0610 0,0680 
4 0,0200 0,0610 0,0620 0,0660 
5 0,0205 0,0620 0,0595 0,0680 

Mean±sem 0,0219± 
0,0003 

0,0600± 
0,0009* 

0,0605± 
0,001* 

0,6565± 
0,0001* 

Significance difference compare to control (p<0,005) 
 
 
 

Myoglobin expression detection 
 

  
Figure 2. Western blot analysis of myoglobin on rat cardiac muscle. Expression was shown on 1,3, and 7 treatment day in 17 kda.  

Line 1(protein marker), line 2 (control), line 3 and 4( 7 treatment day), line 5 and 6( 3 treatment day), line 7 and 8 (1 
treatment day), line 9 (horse myoglobin) 

 
DISCUSSIONS        Myglobin content on cardiac muscle of rat was assessed 
with spectrophotometry method. This method has long been 
used as a tool for calculating protein concentration7. Colored 
protein is known to be able to give absorbance and 
fluorescence under specific wavelength of light. Globin 
protein, including myoglobin has   porphyrin ring that can 
absorb light8. Myoglobin is four heterocyclic pirol 
protoporphyrin which tie zinc coplanary to form heme . 
Porphyrin on myoglobin make the protein colorful, and has 
absorbance and flouroscence characteristic  when given a light 
on specific wavelength ( Soret Absorbance). Myoglobin has 
Soret absorbance at 503 nm 10.  

Research result on myoglobin content with 
spectrophotometry method, it showed  that aerobic physical 
exercise was able to enhance myoglobin concentration on rat 
cardiac muscle. Cardiac muscle myoglobin of treatment group 
was higher comparing to control. 

   
 Cardiac muscle is categorized into the red fibre muscle 

type. This type of muscle has higher myoglobin content 
compare to white muscle, which make it has darker color11. 
Cardiac muscle is type I of slow twitch muscle. 12. This type of 
muscle has aerobic capacity and many mitochondria to 
maintain permanent contraction. Anatomical structure of 
cardiac muscle has 40% of mitochondria11. This structure 
strongly indicates how the organ relies on oxygen and aerobic 
metabolism to produce energy for contraction. For its activity, 
cardiac muscle will oxidized fatty acid as energy source2,12,13,14. 
The process needs oxygen in adequate amount to maintain 
contraction in cardiac muscle. Adequate amount of oxygen 
reserve in myoglobin has play important role in handling high 
oxygen demand during aerobic physical exercise15. Under 
normal condition, without exercise, cardiac muscles will 
continues to contract and need huge amount of ATP as energy 
source. Aerobic exercise will create cardiac muscle to contract 
more than normal condition to fulfil oxygen need. This 
condition has created higher ATP demand. Aerobic metabolism 
is capable of producing 36-38 ATP on every oxidation of 1 mol 
of glucose. Whilst, Anaerobic metabolism will only produce 2 
ATP from the breakdown of 1 mol of glucose to lactate11,16. 
Fatty acid has been the main substrate for cardiac muscle 

contraction (60- 80%) by β oxidation. The process obviously 
needs oxygen and this explains why aerobic metabolism is the 
main source for cardiac contraction. That also explains why 
myoglobin as oxygen source or oxygen reserve is directly 
needed in this organ.  
 Seven day of aerobic exercise given in the treatment 
group was decided based on physiologic adaptation which 
might take place from the first day of aerobic exercise. This is 
supported by  the fact that JNK gene will be 100% increased 
even on the first treatment day of aerobic exercise. The 
research result has indicated that aerobic exercise would 
increase myoglobin content on cardiac muscle from the first 
treatment day and kept on increase until the 7th day. 
 Western blott analysis was done under the basic of 
immunology reaction between antigen antibody17,18,19,20. The 
research result showed that myoglobin was expressed in 
cardiac muscle of rat induced by aerobic exercise in the higher 
expression compared to control. Cardiac muscle will contract 
continuously for the whole life time. Aerobic exercise has 
caused the muscle contract even harder and released more 
calcium form reticulum sarcoplasm21. This condition made 
higher amount of NFAT defosforilated by calcineurin and 
traslocatedto nucleus to activate myoglobin transcription.  

This result showed  that aerobic exercise would be able to 
increase myoglobin expression on cardiac muscle through the 
activation of gene transcription by NFAT6,21,22. Myoglobin 
expression is obviously regulated y transcription mechanism17. 
Increase expression of myoglobin protein lead to the increase 
of the protein content on cardiac muscle. Calcineurin pathways 
activation through aerobic exercise was  the central key on this 
research. Muscle contraction will increase intracellular calcium 
and activate calcineurin22.  

Based on the research, it showed  that aerobic exercise was  
the modulation that can be used in increasing myoglobin 
content on cardiac muscle. Aerobic exercise benefits can be 
gained from the first day of exercise. Myoglobin expression 
modulation thrrough continuous aerobic exercise can be used 
as therapeutic regiment of diseases related to hypoxia or 
prevention of hypoxia. The result also explained the 
importance of doing aerobic exercise for oxygenation mainly 
on cardiac muscle as prevention effort of cardiac hypoxia.  
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