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Abstract  

Background& purpose: Parkinson's disease is a chronic neurological disorder that compromises motor 

and non-motor functions and leads to a decrease in the quality of life and functional capacity of individuals. 

Therefore, the aim of the present study was to investigate the effect of eight weeks of moderate-intensity 

endurance training with BCAA on the MuRF1, Atrogin-1, and Myostatin gene expression in the soleus 

muscle of Parkinsonian-induced rats. Methods: In the present experimental study, 25 male Wistar rats, at 

three months of age and 180-200 gr were used. The rats were divided into following groups (n=5): healthy 

control (HC), Parkinson control (PC), Parkinson + training (PT), Parkinson + BCAA (PB), and Parkinson 

+ training + BCAA (PTB) groups. Eight weeks of moderate-intensity endurance training (5 days a week) 

performed on a treadmill. One-way analysis of variance with the Tukey's post-hoc test used to analyze the 

data (with a significance level of PÒ0.05). Results: The results showed that after Parkinson's induction 

gene expression of MuRF1, Atrogin-1, and Myostatin in the soleus muscle of rats significantly increased 

(P=0.001). There was a significant decrease in genes expression of MuRF1, Atrogin-1, and Myostatin 

(P=0.001) only in the moderate-intensity exercise training with BCAA supplementation group after eight 

weeks of interventions. Conclusions: Although moderate-intensity endurance training and BCAA 

supplementation alone did not affect gene expression, combining both interventions together caused a 

significant change in gene expression of MuRF1, Atrogin-1, and Myostatin, indicating the significant 

effect of exercise when combined with BCAA supplementation for Parkinson's disease in rat. 
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Extended abstract  

Background 

Parkinson's disease (PD) is a multisystem neurodegenerative disorder and the second most common disease after Alzheimer's disease, 

affecting approximately 1% of people over 60 years of age and up to 4% of people over 80 years of age (1). The incidence and 

prevalence of PD has increased dramatically as the global population ages and projected to exceed 25 million by 2050 (2). MuRF1, 

Atrogin-1, and Myostatin are among the markers involved in muscle atrophy that upregulate in several conditions of muscle atrophy 

and degrade proteins involved in muscle protein synthesis, remodeling, and contraction. Myostatin, a member of the transforming 

growth factor-beta (TGF-ɓ) family, increases the mRNA levels of MAFbx/Atrogin-1 and MuRF1, then causes muscle atrophy, resulting 

in increased protein degradation and decreased muscle protein synthesis. The regulation of MAFbx/Atrogin-1, MuRF1, and Myostatin 

under androgen deprivation and after androgen treatment remains unclear (7). Additionally, BCAAs have anti-catabolic effects, which 

help protect muscle mass during periods of intense exercise or fat-burning diets. Therefore, based on the lack of comprehensiveness of 

research on the simultaneous effects of exercise training and BCAA supplementation, this study investigated the effect of eight weeks 

of moderate-intensity endurance training with BCAA supplementation on the gene expression of MuRF1, Atrogin-1, and Myostatin in 

the soleus muscle of Parkinsonian-induced rats. 

 

Methodology 

In the present experimental study, 25 male rats at three months of age and 180-200 gr were used. The present study using a laboratory 

method with a post-test design in animal samples (male Wistar rats), and its proposal has been registered with the Research Ethics 
Committee of the University of Mohaghegh Ardabili under the number IR.UMA.REC.1404.083. 

Experimental design 

Twenty-five male Wistar rats were divided into following groups (n=5): healthy control (HC), Parkinson control (PC), Parkinson + 

training (PT), Parkinson + BCAA (PB), and Parkinson + training + BCAA (PTB) groups. In this way, the average temperature was 

22±3 degrees Celsius and the light-dark cycle was 12:12 hours. To induce Parkinson's disease, rotenone (Sigma, USA) used at a dose 

of 2.5 mg/kg by intraperitoneal injection daily for 21 days. Sunflower oil used as a solvent for the drug. Rotarod and open field tests 

used to confirm induction. The supplement groups received a dose of 300 mg/kg BCAA containing a ratio of (1-2-1 valine, leucine and 
isoleucine) prepared in distilled water via gavage (5 days a week).  

Training protocol  

The moderate-intensity endurance training protocol implemented in the first week after familiarization with an intensity of 60 to 65% 

of maximum speed for 15 minutes and the training time increased weekly. In the seventh week, the training time reached at 30 minutes 

and remained constant until the end of the eighth week. The training speed from the first to the eighth week was unchanged and 

equivalent to 20 meters per minute. At the end of each session, active rest performed at a speed of 10 meters per minute for 5 minutes. 

The incline of the treadmill was constant throughout the study.  

Finally, 48 hours after the last session of interventions, rats anesthetized with subcutaneous injections of 20-30 mg/kg 10% ketamine 

and 2-3 mg/kg 2% xylazine. Then, the soleus muscle was quickly isolated and, after washing with physiological serum, was frozen in 

liquid nitrogen in RNAase- and DNAase-free microtubes to prevent any contamination for mRNA purification and RT-PCR. RNA 

extraction performed according to the manufacturer's instructions (Pars Tous, Iran). 

 
Statistical analysis 

Data of this research was analyzed using SPSS version 26 statistical software. The Shapiro-Wilk test (with a significance level of 

PÒ0.05) and one-way analysis of variance with the Tukey's post hoc-test (with a significance level of PÒ0.05) used, respectively to 

check the normality of the data and to compare groups.  

 

Results 

Based on the results of one-way analysis of variance test, it was determined that there was a significant difference between groups for 

the gene expression of MuRF1, Atrogin1, and Myostatin (P=0.001). The results of Tukey's post-hoc test for three genes MuRF1, 

Atrogin-1, and Myostatin in the PC group showed a significant increase (P=0.001) with mean and standard deviation (3.38 ± 0.01), 

(3.96 ± 0.63) and (4.26 ± 0.69) compared to the HC group (1.02 ± 0.07), (0.97 ± 0.06) and (0.99 ± 0.03), respectively. The results of 

the post-hoc test for the PT and PB groups, with the mean and standard deviation for the three genes MuRF1, Atrogin1, and Myostatin 

being (2.87±0.17 and 3.21±0.24), (3.04±0.12 and 3.46±0.27) and (3.41±0.21 and 3.33±0.17) respectively, compared to the PC group. 

Although, it showed a decrease, this decrease was not significant, and only in the PTB group, compared to the PC group, a significant 
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decrease (P=0.001) was observed for all three genes MuRF1, Atrogin-1, and Myostatin with the mean and standard deviation of 

(1.87±0.17), (1.09±0.15) and (2.13±0.63), respectively. 

 

Conclusion  

Although, moderate-intensity endurance training and BCAA supplementation alone did not affect gene expression, combining both 

interventions together caused a significant change in the gene expression of MuRF1, Atrogin-1, and Myostatin, indicating the 

significant effect of exercise when combined with BCAA supplementation for Parkinson's disease in rat. 

 

Article message 

Despite the documented benefits of endurance exercise on the overall health and fitness, the present study shows that endurance exercise 

alone does not significantly alter the expression of genes associated with muscle atrophy, although a significant effect was seen when 

endurance training combined with BCAA supplementation. One of the notable points of the present study is the effect of exercise 

training with BCAA supplementation on the expression of some genes associated with muscle atrophy. This suggests that although 

moderate-intensity endurance exercise may improve muscle function and reduce the risk of atrophy in certain circumstances, its direct 

effect on the molecular pathways governing muscle breakdown is minimal. More research is needed to investigate the precise 

mechanisms through which endurance exercise may indirectly affect muscle atrophy, particularly in conditions of aging, disease, or 

disuse, where the risk of muscle breakdown is increased. 
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åÿ¾£jĈ ýĒÒÝĈ öÞý ĂöÒÝ ½¹Ĉ ÇĀùćwă í½w~ĈýĀÆþĊ 
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¾z ¡ºù ûwĊù Ĉ¤ùwê¤LLLÅvMyostatin  ÇĀù Āöéÿ¹ ĂöLLLÒÝ ćwă

 ûwĊz ûvÀĊù Ăí ¹v¹ ûwLLÊý ûwLLÊĉv ĂÞõwÖù ªĉw¤ý ÿ ¢·v¹¾~ ĈýĀLLÆþĊí½w~
Myostatin ó¾¤þí āÿ¾ñ Ăz ¢{LLÆý Ĉþĉ¾ú£ āÿ¾ñ ½¹  ¢LLÅv ā¹Āz ¾¤úí

$,+#$ ûv½wîúă ÿ ć¹v¾ù ĂÞõwÖù ½¹ Iwùv )-+-+ ¢Êă Ĉ¤ùwê¤Åv ¡wþĉ¾ú£ #
Ă¤æă ûÁ ûwĊz ÈĉvÀåv ¦Ýwz ćvAtrogin-1 ÿ MuRF1  ¢LLÅv āºLLÉ
$,,# )ý¹ ½¹ćwĊ ôúîù ¿v ā¹wæ¤Åv ā¿ÿ¾ùvwă ćv¾z ĂöÒÝ¿wÅć Ê¸z¾§v ÿĈ 
¾ú£¡wþĉ É¿½ÿĈ z¾¤ÊĊ Å½¾z ¹½ĀùĈ  Ăöú« ¿v Ăí ¢Åv Ă¤å¾ñ ½v¾éjûwă 
ÅvćwăºĊ ùjĂþĊ Ă·wÉ½v¹ /$BCAAsÅĀõ ôùwÉ I#IüĊ vüĊÅĀõÿÀĉ õvÿ ÿüĊ 

LLÅv ĂLLÅºĊ ùjĂþĊ ½ÿ¾LLÑć úĄù Èêý Ăí ºþ¤LLÆăĈ u£ÿ¾~ À¤þLLÅ ½¹üĊ  ÿ
õĀzw¤ùøÆĊ ÒÝ¡Ē  ¿v ā¹wæ¤Åv )ºý½v¹BCAAs Ăz  Ăz Iôúîù ûvĀþÝìĉ 

ê´£ ÛĀÑĀùĈ£wêĊ ý¹ ½¹ yõw«ćwĊ Ăz IÇ¿½ÿÿāÂĉ ù¿ ½¹ĂþĊ  ¹¾îöúÝ ¹Ā{Ąz
É¿½ÿĈ ýĒÒÝ ā¹Ā£ ĂÞÅĀ£ ÿIĈ º{£ôĉ  )¢Åv āºÉBCAAs vÀ«vć 
öíćºĊ j¾å ½¹ºþĉ u£ÿ¾~ À¤þÅüĊ ûj )ºþ¤Æă ¡ĒÒÝvÀåv ½¹ wĄþ£ Ăý wăÈĉ 
u£ÿ¾~üĊ  ½¹ Ăîöz I¡ĒÒÝØæ³ ý ó¹wÞ£ûÁÿ¾¤Ċ v¾z Ăíć  ºÉ½½vºĄòý ÿć 

ý ¢LLLÅv øĄù ¡ĒLLLÒÝÀĊ  ºý½v¹ Èêý$,-# )v ¾z āÿĒÝIüĉ v ¾z ¹wê¤Ývüĉ 
 Ăí ¢ÅvBCAAs v½v¹ć õĀzw£wí ºÑ ¡v¾§vìĊ ýÀĊ ù Ăí ºþ¤ÆăĈºþývĀ£ 

ýĒLLLÒÝ ā¹Ā£ ¿v ¢Úåw´ù ĂzĈ ā½ÿ¹ óĀÕ ½¹wăć ºLLLÉ Ç¿½ÿºĉ wĉ 
Á½øĉćwă z¾¯Ĉć¿ĀLLÅ  ºþþí ìúí$,.#)  Ăz ½ĀĄÙĀý ºăvĀLLÉ ¿v Ĉ·¾z ½¹

 ¡½ĀÍ üĉv Ăz ¢Åv āºÉ ā½wÉv ûĀÆþĊí½w~ ć½wúĊz ½¹ ôúîù üĉv ¾§v Ăí
õĀzw¤ùĊøLLLÆ BCAA Ăz~ ½ĀÕĊ°Ċāºvć åĀ£w~ wzĊÀĉÁĀõĀć zĊ½wúć 
í½w~ĊûĀLLLÆþ ¢LLLÅv Ô{£¾ù v¾¯ Úþ£ ½¹ óĒ¤·vĊø  ²ÖLLLÅBCAA  wz
õĀzw¤ùĊøÆ Á¾ývćI ù ¹¾îöúÝ óĒ¤·vĊ½ºþíĀ¤ćI Æív Ã¾¤ÅvĊ£vºĊIĀ  xwĄ¤õv
{LLLÎÝĈ â£ ÿĊĊ¾ {LLLÎÝ ówê¤ýv ½¹Ĉ ¢LLLÅv ā¹Āz Ô{£¾ù  ć½wúĊz ½¹ Ăí

 ¢´£ ûĀLLLÆþĊí½w~¾Ċ§m£ Ĉù ½v¾é ºý¾Ċñ$,/#Ĉù Ă°ýwþ¯ ) ½¹ øĊþĊz ĂÞõwÖù
«w³Ĉ $ ûv½wîúă ÿ øLLÅwé,/+.LLÅ½¾z Ăz #Ĉ ¾Ċ§m£ ¾ú£üĉ  ôúîù ÿ wþLLÉ

BCAA õówùÿ¿Ā Ċ z ¾zûwĊ åÿ¾£j wz Ô{£¾ù ôùvĀÝ ûÁĈ ù ½¹ć½ºþíĀ¤Ċ 
 ÃĀuõĀÅ ĂöÒÝÇĀùćwă ¤·v¹¾~ ºþúõwÅ ¾ýüĉv ªĉw¤ý ÿ ºÉ Ă ĂýĀñ ûwÊý

ù Ăí ¹v¹üĊòýwĊ ¹wêù¾ĉ zûwĊ ûÁù ćwăć½ºþíĀ¤Ċ  ÃĀuõĀLLLÅ ĂöLLLÒÝ
ÇĀùćwă ¾ý ºþúõwÅ ¾ú£ āÿ¾ñ ÿ¹ ½¹üĉ ¾ú£$ ÷vĀ£ ÿ wþÉüĉ  ôúîù &wþÉ

BCAA õĀýwý÷ÿ¿Ā ĊĂz # ôúîù āÿ¾ñ Ăz ¢{LLÆý ć½v¹wþÞù ½ĀÕBCAA 
õĀýwý÷ÿ¿Ā Ċ vÀåv ó¾¤þí ÿÈĉ ¢LLLÉv¹ $,0# )~ÈĊ¿ĂþĊù  ë½¹ ¿v ãºă ÿ
ýwîùøLLÆĊćwă ñ½¹¾Ċ åÿ¾£j ½¹Ĉ ù ¡ĒLLÒÝĈºývĀ£ Çÿ½ ĂÞLLÅĀ£ Ăzwăć 
ýwù½¹Ĉ º«ºĉ v¾zć v¾ÉÔĉ åÿ¾£jìĊ åÿ¾£j )ºþí ìúíĈ ýĒÒÝĈ ¤öîÅvĈ 

. TGF-beta 
/ The branched-chain amino acids 
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¾Õ ¿vèĉ LLLÆùćwă¾Ċ zĈĉwĊúĊLLLÉĀĊ Āýÿ½ ÿĈLLLÆĉ ùĈºývĀ£ zûwĊ ·¾zĈ  ¿v
ûÁćwă åÿ¾£j Ăz ÓĀz¾ùĈ ýĒLLÒÝĈ vÀåv v½Èĉ z Ă¤LLÉ¼ñ Ăă¹ )ºă¹ÈþĊ 
º«ćºĉ úăv ¹½Āù ½¹¢Ċ õwÞå¢Ċ ýºzĈ  ½¹PD  )¢LLLÅv ā¹½ÿj ûwâù½v Ăz

·v ¡wÞõwÖù¾Ċ āwò¤Å¹ ¿v ā¹wæ¤Åv wzwăć ýwîùIĈîĊ ºăvĀÉć ā¹v¹ Ătv½v ºýv
ù ûwÊý ĂíĈºă¹ ýĒÒÝ ¡½ºéĈ z ½¹ûv½wúĊ  Ăz Ē¤{ùPD wêù ½¹ĂÆĉ  wz

¤³ IüLLÆúă ó¾¤þí āÿ¾ñĈ ¾ù ½¹ô³v õÿvĂĊ zć½wúĊ ù ÈăwíĈ ºzwĉ$,1# )
v ¿vüĉ  Iÿ½w~ ûv½wúĊz Ăí Ĉĉw¬ýj ¿v ºþ¤Æă ¡ĒÒÝ Ĉ¤æÅ ½w¯¹ ĈýĀÆþĊí½

 ćv¾«v ćw¬z Ĉõ¹wÞ£ wĉ ć¿vĀă ¡wþĉ¾ú£ wz Ĉ£½ºé ¡wþĉ¾ú£ yĊí¾£ ā¿ÿ¾ùv
³ ĂÞõwÖù ½¹ ÿ ¢Åv Ă¤å¾ñ ½v¾é Ă«Ā£ ¹½Āù Ĉ£½ºé ¡wþĉ¾ú£ wå¾Í ÀĊý ¾Ñw

 ½wþí ½¹ Ĉ¤ùwê¤Åv ¡wþĉ¾ú£ ćv¾«v wĉj Ăí ¢Åv üĉv ûv¾òÊăÿÂ~ óvĀÅ
BCAA  Ăz wþz Ăí ¡ĒLLÒÝ Ĉåÿ¾£j ¾ĊLLÆù ½¹ ûÁ ûwĊz ¡v¾ĊĊâ£ Ăz ½¹wé

 ¢´£ ¾¤ÊĊz Ĉö{é ¡vºăwÊù¾Ċ§m£ Ĉù Iºþ¤Æă Ĉ£½ºé ¡wþĉ¾ú£¾Ċ· wĉ ºÉwz 
 Ăz Ă«Ā£wz üĊþ°úă ÿÞùw« ÷ºÝ¢Ċ ÈăÿÂ~wă ½¹ ù¿ ĂþĊ¾Ċ§m£  ûwùÀúă

 ôúîù ÿ Ĉ¤ùwê¤LLLÅv ¡wþĉ¾ú£BCAA  IĈýĒLLLÒÝ Ĉåÿ¾£j ¾zv ½¹üĉ 
èĊê´£  ĈÅ½¾z Ăz¾Ċ§m£  Ă¤æă ¢Êă¾ú£üĉ É¿½ÿĈ  Ăz ÔÅĀ¤ù ¡ºÉ wz

 ôúîù āv¾úăBCAA z ¾zûwĊ ûÁćwă MuRF1 IAtrogin-1  ÿ
Myostatin ÇĀù ÃĀuõĀÅ ĂöÒÝćwă v¾´ÍĈĉ í½w~ĈýĀÆþĊ  Ă¤·v¹¾~

 )ºÉ 

 

ÈăÿÂ~ Çÿ½ 
      ±¾Õ wz āv¾úă ĈăwòLLÊĉwù¿j Çÿ½ Ăz Ĉz¾¬£ ÛĀý ¿v ¾LLÑw³ ÈăÿÂ~

ĂýĀúý ½¹ ûĀù¿j Ä~ÇĀù$ ĈývĀĊ³ ćwă #½w¤LLÆĉÿ ¹vÂý ¾ý Ĉĉv¾´LLÍ ćwă
 ĈöĊz¹½v èê´ù āwòLÊýv¹ ÈăÿÂ~ ½¹ çĒ·v Ă¤Ċúí ½¹ ûj óv¿Ā~ÿ¾~ ÿ ā¹Āz

 ā½wúLLÉ wzIR.UMA.REC.1404.083  )¢LLÅv āºĊLLÅ½ ¢{§ Ăz ½¹
ĂÞõwÖù ¾Ñw³ -0  ¾ÅÇĀù v¾´ÍĈĉ æÅ ¾ýºĊ ÿ ¹vÂý½w¤Æĉ  wz üĊòýwĊù

òăwù ĂÅ üÅĈ ý¿ÿ ā¹ÿº´ù ½¹Ĉ -++(,3+  ÷¾ñĂz  èĊê´£ ĂýĀúý ûvĀþÝ
ºþ¤å¾ñ ½v¾é ĈÅ½¾z ¹½Āù )ÇĀù ìĉ wă½wñ¿wÅ ¢Ą« Ă¤æăć ´ù wzÔĊ  ½¹

ÄæéĈĉwă ö~ Äþ« ¿vĈ¡wþz¾í  ćwù¹ ½¹-ϻ-+ ĂLLLLLL«½¹ I¹v¾òĊ¤ýwLLÅ 
 ¢zĀÕ½-0  w£.+ ½w£ Ă·¾¯ ÿ ºÍ½¹Ĉîĉ Ăz wþÉÿ½Ĉĉ ,-5,-  ¿v$ Ă¤ÝwÅ2 
 w£ ²{Í2 v¼á )ºýºÉ ć½vºĄòý #yÉć å¾ÎùĈ  ÷v¹ ëv½Ā· ¢í¾É ¿v
Ą£ Ã½w~ĂĊ j xj ÿ ºÉĈýºĊùwÉ ¤·v ½¹ Ăýv¹v¿j ¡½ĀÍ Ăz½wĊ ÇĀùwă ½v¾é 
¢å¾ñ )Ä~ ¿v ówê¤ýv ĂLz āwòLÊĉwù¿j wþÉj ÿĈĉ  ìĉĂ¤æă ćvõwÞå wz¢LĊ 
LÉ¿½ÿĈ ù¹¾£ ćÿ½ôLĊ  IûwñºýĀ« ËĀLÎ¸ùÇĀùćwă ówÞå ćv¾z v½ ¾£
ĂýĀúý ûĀÆþĊí½w~ ćwêõv ¿v Ä~ ÿ øĉ¹¾í xw¸¤ýv ½wúĊz ćwăĂzå¹wÎ£ ½ĀÕĈ 
āÿ¾ñ Ăzćwă  5Ĉĉw£ ªþ~$ øõwLLÅ ó¾¤þíHCí½w~ ó¾¤þí I#$ ûĀLLÆþĊPCI# 
í½w~ûĀÆþĊ& ¾ú£üĉ Ĉ¤ùwê¤Åv $PTI# í½w~ ûĀÆþĊ &BCAA $PB # ÿ
í½w~ûĀÆþĊ ¾ú£ &üĉ  & Ĉ¤ùwê¤ÅvBCAA $PTB #Æê£øĊ ºýºÉ )ÇĀù

ĈýĀÆþĊí½w~ ćwă Ăz ¡ºù ¢Êă Ă¤æă wz ¿ÿ¹ .++ ùĈöĊ÷¾ñ í ¾z÷¾ñĀöĊ 
 ¡ºù Ăz0  wz Ă¤æă ½¹ ¿ÿ½BCAA ÿw³ć $ ¢{Æý,(-(, õvÿIüĊ ÅĀõüĊ 
v ÿüĊÅĀõÿÀĉĄ£ #ĂĊ £ Ávÿwñ Çÿ½ Ăz ¾Öêù xj ½¹ āºÉºýºÉ ½wúĊ $,2#  ÿ

ÃwÅv¾z ôúÞõv½Ā¤Å¹wăć é¹èĊ wúþăv½ć  ā¹wæ¤Åv ÿ ¢{év¾ù¿v ³¡wývĀĊ 
wù¿jĈăwòLLLÊĉ ć½vºĄòý ºýºLLLÉ) ÇĀù Ăz ó¹wÞù ÀĊý øõwLLLÅ ó¾¤þí ćwă

 Ĉú¬³BCAA  )ºÉ èĉ½À£ ¡v¾ĊÅ ¾åwz 
ûĀÆþĊí½w~ ćwêõv 

    í½w~ wêõv ½ĀÚþù ĂzûĀÆþĊ Å$ ûĀþ£ÿ½wîĉ¾ùj IwúòĊ¹ wz #ÿ ¿0*- ùĈöĊ÷¾ñ 
í ¾z÷¾ñĀöĊ zĂ½À£ ¡½ĀÍèĉ éwæÍ ûÿ½¹Ĉ  ¡ºù Ăz Ăýv¿ÿ½-,  ¿ÿ½ÿ  ¿v

w£ ½ĀÚþù Ăz )ºÉ ā¹wæ¤Åv ÿ½v¹ óĒ³ ûvĀþÝ Ăz ûv¹¾òzw¤åv üáÿ½ºĊĉ  ¿v wêõv
ûĀù¿jćwă ĂÅ Ĉêåv ½wz I¢Æ£½wz ÿ Ăýwñ ºÉ ā¹wæ¤Åv ¹ÿ½w£ÿ½$,3 ',4#) 

Å½¾z Çÿ½Ĉ wêõvć zĊ½wúć 
     m£ ćv¾zĊĉº í½w~ ćwêõvĊûĀÆþ ÇĀù ½¹wă I¿jûĀùćwă ¿ĉ¾ ¢å¾ñ ÷w¬ýv5 

5#ĈÆ õw£wí ¢Æ£$ ¢Æ£ ½wz ćv¾z Ĉzwĉ¿½v ¹Āú« ¡ĒÒÝ ¿v ûĀù¿j ĂöĊù 

ā¹wæ¤Åv üĉv )ºÉ ûĀù¿j ½¹ ĈýwñºýĀ« Ăí ½¹ ûjwă Ĉz¾¬£ øÆĊýĀÆþĊí½w~ 

I¢Åv āºÉ ¹w¬ĉv ćv¾z Ĉzwĉ¿½v ¹Āú« ¡ĒÒÝ Ăz ½wí Ĉù¹ÿ½. ĂöĊÅÿć 
 ā¹wæ¤Åv ¹½Āù½¹ üĉv IûĀù¿j ìĉ ½wz ćv½v¹ ÄîĊå ìĉ ćĀîÅ ĈzĀ¯ 

ÄîĊå½wz Ûwæ£½v )¢Åv ¿v  ĀîÅ4 ¤ýwÅĈ¾¤ù ù ¾Öé ÿĊĂö 4*+ ¤ýwÅĈ¾¤ù ¹Āz ā
ÿ v¾zć ÷w¬ýv wù¿jĉÈ ÇĀù ÿ½ ¾zć ā¹v¹ ½v¾é ĀîÅ ûj ¢Å¹ ÿ¹ ÿ ºÉ  ÀĊý
Ăz ùv½jĈ ÿ½ć ùĊöĆ îå½wzĊÄ ā¹v¹ ½v¾é ýwù¿ ¡ºù )ºÉ ĈĂí ³ĊûvĀ v ½¹ĉü 
ÞÑÿĊ¢  ½v¾éĈù ¢å¾ñ ¢{§ºĉ¹¾ñ. ûwù¿ ÞéĀù ûĀù¿j ÜÖéĈ ³ Ăí ¹ĀzĊûvĀ 
Ĉîĉ  ÿĉw ÿ¹ ¾ă ¢Å¹ ÿ½ ¿v v½ ¹Ā·ć ùĊĂö ¾z ¹½v¹ ÿĉw v½ ¹Ā· ¾Å Ăz  ¡½ĀÍ

v¾ñĀ¬¤Æ«ĉĂýw  ¢í¾³ )ºă¹ºzĉĄĈ ¢Åv Ă¯¾ă ÒÝ ¹Āú«Ē ¡ÇĀù 
ºÉĉ¾£º ûwù¿ ¡ºù ºÉwz zĊ¾¤Êć ÞÑÿ ½¹ v½Ċ¢ ¾ Å āºÉ ówúÝvć ùĈºþí 
$-+#) 

 

 ¾ĉĀÎ£,. ù ¢Æ£ĂöĊ Å½¾z ¢Ą«Ĉ Æ õw£wíĈ 
Picture 1. Rod test to check for catalepsy 

    ĂÅ Ĉêåv ½wz ćºþöz Ăz Ăĉw~ ÿ¹ ćÿ½ ¾z ¢Æ£ üĉv 5Ăýwñ/3 Ĉ¤ýwÅ Ăí ¾¤ù
 óĀÕ Ăz ĂöĊù ìĉ ÔÅĀ£.3 Ĉ¤ýwÅ ¾¤ùāºÉ ôÎ¤ù ¾òĉ¹ ìĉ Ăz ÷w¬ýv ºýv

 óĀÕ ¢ÆývĀ£ ÇĀù ìĉ Ăí Ĉýwù¿ )¢å¾ñ.3 Ĉ¤ýwÅ ¢úÅ ìĉ ¿v v½ ¾¤ù
Ĉù ¢{§ ºþí ĈÕ ¾òĉ¹ ¢úÅ Ăzāÿ¾ñ üĊz ÿ ºÉ ĂÆĉwêù äö¤¸ù ćwă

 ¢å¾ñ ¡½ĀÍ$-,# ) ¹ÿ½w£ÿ½ĀùÇ¾z wăćv jwþÉĈĉ Ăz ºù ¡. ¹ĂêĊé {éLô 
 ¿vÆ£L¢ ÿ½ ćÿ½w£¹ÿ½ wz ÖéL¾ vÅLĀ¤vĂý ćv 4 ÅLýwĈ£¤ùL¾  ÿ£L¾úĉw  ÿ
ÍLĂ´æ wÆ³Ã vwùĀ£ìĊ£ ¾é½v ¾ñºþ¤å) v¹v ½¹ùLĂ Þ£Lº¹v ¹ÞåLw¡ v¤åLwû¹ 
ĀùÇăL wćÿ½ ¿v vÅLĀ¤vĂý Lñ¾ûv¹ ÿ½£Lw¹ÿ½ {§L¢ ÉLº )ĀùÇ ºÞz wă ¿v¾ă 
wz½ vw¤åû¹ ¾ÅwÞĉ ¾z ÿ½w£¹ÿ½ ¾é½v ùĈL¾ñþ¤åLº ) Ăz ¹½w£ÿ½ āwò¤Å¹ ¢Ý¾Å
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 ¿v ĈÊĉvÀåv ¡½ĀÍ0  Ăz/0  )ºÉ øĊÚþ£v ĂêĊé¹ ½¹ ½ÿ¹¿wùû vw¬ý ÷¢Æ£ 
¾zćv wú£Ĉù ĀùÇăLw zLüĊ ÅL ¢Ýw0*4 võĈL 0*,+²{Í Āz¹  ¿v ÿăL¾ 
ùLĀÇ ĂzĀÖ½ º«wñvĂý ¢Æ£ ¾ñĂ¤å  ºÉ$--#)      

Ĉþĉ¾ú£ ôî£ÿ¾~ 

     ¢Ý¾Å ¾¨ívº³ÇĀùwă v Ăzĉü £¾£yĊ ā¿vºýv5ºÉ ć¾Ċñ  ôî£ÿ¾~

 ûĀù¿jVmax  ôùwLLÉĉì ¾ú£ ĂLLÆö«ĉü  ¢Ý¾LLÅ ûj ½¹ Ăí ¹Āz

 Ûÿ¾LLLÉ,+ é¹ ½¹ ¾¤ùĊĂê ½º£ Ăz ÿ ā¹Āzĉª  ¾ă1+ ýw§ĊĂ ù ĂzĊûvÀ 

.'.. é¹ ½¹ ¾¤ùĊĂê vÀåvĉÈ ùĈĉ¢åw v w£ĉĂîþ  Ăz-1'2  ½¹ ¾¤ù

é¹ĊĂê Å½Ċº  Ä Å ÿ,'2 é¹ ½¹ ¾¤ùĊĂê ýwù¿ w£Ĉ  ĂíÇĀùwă ĉ¹¾ò 

ÿ¹ Ăz ½¹wéĉûº {ýºý¹Ā vÀåvĉÈ ùĈĉ¢åw. ¾ú£ ôî£ÿ¾~üĉ  wz Ĉ¤ùwê¤LLÅv

üĉv Ăz ÔÅĀ¤ù ¡ºÉ  v¾«v ¡½ĀÍºÉ ¿wÅ wþÉj ¿v Ä~ óÿv Ă¤æă ½¹ Ăíć 
 ¡ºÉ wz1+  w£10 z ¢Ý¾Å ºÍ½¹ĂþĊÊĊ  ¡ºù Ăz ÿ,0 é¹ĂêĊ  Ăz ÿ Ûÿ¾É

Ăz )ºLLÉ ā¹ÿÀåv üĉ¾ú£ ûwù¿ Ăz Ĉò¤æă ¡½ĀLLÍ½ĀÕćĂí  ø¤æă Ă¤æă ½¹
 Ăz üĉ¾ú£ ûwù¿.+ ĉw~ w£ ÿ ºĊLLLÅ½ ĂêĊé¹ûw  ¢zw§ ÀĊý ø¤LLLÊă Ă¤æăºýwù )

 ó¹wÞù ÿ ¾ĊĊâ£ ûÿºz ø¤Êă Ă¤æă w£ óÿv Ă¤æă ¿v üĉ¾ú£ ¢Ý¾Å üĊþ°úă
-+ w~ ½¹ )¹Āz ĂêĊé¹ ¾z ¾¤ùûwĉ ý ĂÆö« ¾ăÀĊ  ¢Ý¾Å wz ówÞå ¢³v¾¤Åv,+ 

é¹ ¾z ¾¤ùĂêĊ  ¡ºù Ăz0 é¹ĂêĊ LLLÉ )ºLLLÉ ÷w¬ývyĊ  óĀÕ ½¹ ûv¹¾ñ ½vĀý
 ¹Āz ¢zw§ ĂÞõwÖù$-.# ½wz ªþ~ Ĉþĉ¾ú£ ¡wÆö« ¹vºÞ£ Ăí ¢Åv ¾í» ûwĉwÉ )
¹Āz Ă¤æă ½¹) 

 

ĈĉwÒå ć¾Ċñ¹wĉ ÿ ĂÚåw³ 

     ĈÝwÞÉ ¿wù ìúí Ăz¢Êă ĈĉwÒå ĂÚåw³ È¬þÅ Ĉĉÿ¿wz  ÷w¬ývºÉ 
Ăí  ûwÆîĉ ćÿ¿wz ¢Êă ćv½v¹Ĉùÿ ºÉwz ĂzĂ´æÍ ¿v ĈÝwÞÉ ¡½ĀÍć 

 ì¯Āí ćÀí¾ù ôîÉ Ăz Ăí¾ĉv¹ ¢Åv  ¾Öé wz-0 Ĉ¤ýwÅyÞÊþù ¾¤ùāºÉ 
Ýwæ£½v ÿ È IüĊù¿ ¿v ½¹ ¹ÿº³1+  ÿ¿wz óĀÕ )¢Åv ¾¤úĊ¤ýwÅ0+ Ĉ¤ýwÅ I¾¤ù
 ûj Ï¾Ý,+ Ĉ¤ýwLLÅā½vĀĉ¹ Ûwæ£½v ÿ ¾¤ù wă,.  ¾¤úĊ¤ýwLLÅĈùºLLÉwz ðý½ )
¤LLÅ¹āwò Äæé ÿ  ā¾Ċ£ ½ºí ÿºLLÉ Ă¤å¾ñ ¾Úý ½¹¢LLÅv ā ûĀ¯ IÇĀù wă

 Àĉ¾ñ½Āý ćº³w£ĈùLLÉwz üĉv ÿ ºþ¹½Āù ûwù¿  ć½v¹¾z¾ĉĀLLÎ£ÇĀù ¿v wăÿ 
ów{ý¹ S¹½ û¹¾íûjwă ÇĀù ¹½Āù ½¹wă  ¿v Ä~ Èĉwù¿j üĉv )¢Åv ºþù¹ĀÅ

 IûĀù¿j ¿ÿ½ ÿ Ç¿Āùj ¿ÿ½ ôùwÉ ¿ÿ½ ÿ¹ ĈÕ ÿ ôî£ÿ¾~ ćv¾«v ā½ÿ¹ ÷wú£v

ºăwLLÊù ćv¾z½wúĊ£ üùÀù ¡v¾§v ā ûĀù¿j ¿v ô{é yLLÉ ìĉ )ºLLÉ ÷w¬ýv  ÿ
Ăz v¼á Ç¿Āùj¡½ĀLLLÍ  Ã¾¤LLLÅ¹ ¿v ôùwíÇĀù wă ¿ÿ½ ½¹ )ºLLLÉ ©½w·
IÇ¿Āùj ÇĀù wþLLLÉj ¿wù wz ÿ ôê¤þù āwòLLLÊĉwù¿j Ăz wăºĉ¹¾ñ üĉv Ăz )ºý
¡½ĀÍ Ăz v¼á I¿wù ćwăÿ¿wz ¿v Ĉîĉ ½¹ Ăí ºÉ ā¹v¹ ½v¾é Çv¹w~ ûvĀþÝ Ăz )

IyĊ£¾£ üĉv  ĂÚåw³ ćwăºþĉj¾å ćv¾«v ć¾Ċñ¹wĉ ÿõÿv ½¹¿ÿ½ üĊ ûÿºz I
ā¿ºýv ûwù¿ Ăîþĉv ć¾Ċñ¹¾ñ I¹ÇĀùwă ºÉ wă½ ¿wù ćÀí¾ù ĂÚæ´ù ½¹ ºý ÿ

Ăzûj Ăz Iv¼á û¹¾ívºĊ~ Ð´ùwă  v½ v¼á ¿v ć½vºêù w£ ºLLLÉ ā¹v¹ ā¿w«v
¹½Ā¸zºý Ăí ¹Āz üĉv Ăö³¾ù üĉv ¿v ãºă )ÇĀùwă ¹¾Ċòz ¹wĉºý  ìĉ ½¹ Ăí

 ¿wù ćÿ¿wz ÿ ¹½v¹ ¹Ā«ÿ v¼áwùÿ¹ ½w LLLÆz ¾Õw· Ăzý ¿wù ÷vºí ½¹ v¼á Ăí º
½v¹ ½v¾éýùÿ¹ ½¹ )º¿ÿ½ üĊ  ā¹v¹ ½v¾é Ì¸LLÊù ćÿ¿wz ûwúă ½¹ v¼á IûĀù¿j
 ÿ ºÉûwñºýĀ«  wă½ ¿wù Àí¾ù ½¹ºýºÉ ûj Ăz ÿwă  ów{ý¹ w£ ºÉ ā¹v¹ ā¿w«v
¹¾òz v¼áýã¾Í ûwù¿ ¡ºù )º ćv¾z āºÉĂz ĈzwĊ¤Å¹  ¾¤ùĀý¾í ÔÅĀ£ Iv¼á
vºývā¿ ¾ñv ÿ ºÉ ć¾ĊñÇĀù  ûwù¿ ¡ºù ½¹,+ Ĉúý vºĊ~ v½ v¼á ĂêĊé¹ J¹¾í

Ĉù ©½w· ¿wù ¿v ¾¤úí v¼á ü¤åwĉ ûwù¿ Ă¯¾ă ĈÝwÞLLÉ ¿wù ûĀù¿j ½¹ )ºLLÉ
z ºÉwûwÊýāºþă¹  ¾¤Ąz ĂÚåw³ûvĀĊ³  ¢Åv$-/#) 

ā¿vºývûÁ ûwĊz ć¾Ċñ 
     wĄý½¹¢ĉ /3 ¾ú£ ¡Ē·vºù Ă¤æă ¢LLÊă ÷wú£v ¿v Ä~ ¢ÝwLLÅ ÿ Ĉþĉ

BCAA Ăzów{ý¹ ìĉ w¤Éwý yÉĈĉ z ¿v ãºă wzüĊ āw£Āí ¾§v û¹¾z ¡ºù
¾ú£üĉ ÇĀùwă wz èĉ½À£ ¿ćºö«¾ĉ .+(-+ ùĈöĊ÷¾ñ í ¾z÷¾ñĀöĊ ùw¤íüĊ 
,+  ÿ ºÍ½¹.(- ùĈöĊ÷¾ñ í ½¹÷¾ñĀöĊ v¿üĉ¿Ēĉ - z ºÍ½¹ĈÇĀă  )ºýºÉ
Ä ÅĂöÒÝ I ĀuõĀÅÃ ¾ÅÜĉ å ÷¾Å wz ĀÊ¤ÆÉ ¿v Ä~ ÿ vº«ćÁĀõĀĉÀĊ  ½¹
ùxĀĊ£ÿ¾îĊćwă ½wÝć ¿v RNAase ÿ DNAase ñĀö« ¢Ą«ć¾Ċ  ¿v

ñ¹Āõj ĂLLýĀñ ¾ăĈ v¾zć ö¸£ ÷wLL¬ývÌĊ mRNA ÿ RT-PCR  ½¹
ýûÁÿ¾¤Ċ wùÜĉ  ºú¬þùºýºÉ©v¾¸¤Åv ) RNA  ¢í¾É ôúÞõv½Ā¤Å¹ è{Õ

¿wÅāºý v IÃĀÕ Ã½w~$ûv¾ĉ ¡½ĀÍ #¢å¾ĉ¼~ºz )üĉ£¾£IyĊ ĂýĀúý vº¤zvwă 
½¹ Ôĉv¾É ¾¤Åvôĉ ¡¿v ¿v ā¹wæ¤Åv wz wùÜĉ ¯ ûÿwă ½¹ĈþĊ ¾å ½¹ ÿ ½¹Ā~½Àĉ 
2+( ½vºĄòýć ºýºÉ©v¾¸¤Åv ô³v¾ù ) RNA Ăz½ĀÕ ½wÎ¤·v Ăz ±¾É 
¾ĉ¿ ù vº¤zv 5¹ĀzûvÀĊ 20+ ù¾¤Ċõÿ¾îĊ óĀö´ù RL ù ĂzxĀĊ£ÿ¾îĊćwă 
ÿw³ć  ¢åwz0+ ùĈöĊ÷¾ñ Ăz ÿ ĂåwÑv āºÉ ½¹Ā~ ¢åwzĈzĀ·  ¾ö úÅ¾Å wz

~ ÷w¬ýv ÿ yLLÅwþùðþĊ¤ Ċ Ā¤´ù¡wĉ ùxĀĊ£ÿ¾îĊ  Ăùv¹v ½¹ ÿ ºLLÉ ÓĀö¸ù
-++ ù¾¤Ċõÿ¾îĊ ºþ¯ ÿ ĂåwÑv ĂýĀúý ¾ă Ăz ÷¾åÿ¾öíüĉ ~ ½wzðþĊ¤ Ċ  ¡½ĀÍ

¢å¾ĉ¼~ĂýĀúý Ä LLLÅ )wă Ăz ¡ºù ,+ ĂêĊé¹  ½¹ów°¸ĉ / Ă«½¹ć 
¤ýwLLÅĈ¹v¾ñ  ÿwĉ  ½v¾é ¿wLLÅwù¾LLÅ ë½ºþ¤å¾ñĂö³¾ù ½¹ )ć ĂýĀúý ºÞzwă wz 
¢Ý¾Å ,-+++ ½ÿ¹ ½¹ ĂêĊé¹  ¡ºù Ăz,0 ¾¤ýwÅ ĂêĊé¹ĊæĉºýºÉ ÁĀ ¿v Ä~ )

îLLÊ£ ¿wå ĂLLÅ ¡ºù üĉvôĊ Ăí ºLLÉ RNA z ¿wå ½¹ðý¾Ċ tđwzĈ  ½v¾é
¤Év¹ºþ¤ Ăz ÿ vº« üĉ¾ĉ¿ ¿wå ¿v ¢é¹ wz ¾ö úÅ ¿v ā¹wæ¤Åv wz Ĉĉÿ½ óĀö´ù )

xĀĊ£ÿ¾îĊù º«ºĉ  ôê¤þùºLLÉ Ăùv¹v ½¹ )/++ ù¾¤Ċõÿ¾îĊ  óĀýw£v20  ºLLÍ½¹
ĂýĀúý Ăz ¹¾Åwă ĂåwÑv ÿ xĀĊ£ÿ¾îĊùwă Ăzùv½jĈ Ă£ ÿ ¾Å  ¡ºù Ăz ÿ,+ 

é¹ĂêĊ  ćwù¹ ½¹/ ½vºĄòý Ă«½¹ć  ºýºĉ¹¾ñ$-0# )ĂýĀúýwă wz ā¹wæ¤LLLÅv ¿v 
¾ö úÅ Ăz ûĀ¤Åćwă åv¾ñĀ£wùÿ¾íĈ  ¡ºù Ăz ÿ ôê¤þù0 é¹ĂêĊ ´ù ½¹ÔĊ 

 óÿº«,( Ĉ¤ùwê¤Åv üĉ¾ú£ ôî£ÿ¾~ 
Table 1- Endurance exercise protocol 

Ă¤æă #ĂêĊé¹$ ûwù¿ #ĂêĊé¹*¾¤ù$ ¢Ý¾Å 

1 15 20 
2 15 20 

3 20 20 

4 20 20 

5 25 20 

6 25 20 

7 30 20 

8 30 20 
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½vºĄòýć ºýºLLÉûĀ¤LLÅ )wă wz ¢Ý¾LLÅ ,-+++ ½ÿ¹ ½¹ ĂêĊé¹  ¡ºù Ăz, 
¾¤ýwÅ ĂêĊé¹ÁĀĊæĉ ¿ óĀö´ù ÿ ºÉüĉ¾ĉ ½ ½ÿ¹Ă¤¸ĉ ºÉºý  ÿ2++ ù¾¤Ċõÿ¾îĊ 

ĀÊ¤ÆÉ óĀö´ù ¿vć PW ûĀ¤Å Ăzwă ĂåwÑv ºĉ¹¾ñ  ¢Ý¾Å wz ÿ,-+++ 
é¹ ½¹ ½ÿ¹ĂêĊ  ¡ºù Ăz, ¾¤ýwÅ ĂêĊé¹ÁĀĊæĉ ºÉ ¿ óĀö´ù ÿüĉ¾ĉ ½ ½ÿ¹Ă¤¸ĉ 
ºÉ v¹º¬ù )0++ ù¾¤Ċõÿ¾îĊ ĀÊ¤ÆÉ óĀö´ù ¿vć PW ûĀ¤Å Ăzwă ĂåwÑv 
ºÉ  ¢Ý¾Å wz ÿ,-+++ é¹ ½¹ ½ÿ¹ĂêĊ  ¡ºù Ăz, ¾¤ýwÅ ĂêĊé¹ÁĀĊæĉ ºÉ  ÿ

¿ óĀö´ùüĉ¾ĉ ½ ½ÿ¹¤¸ĉ ĂºÉÅ )ûĀ¤wă Ăz ¡½ĀÍ Ĉõw·  ¡ºù Ăz- é¹ĂêĊ 
 ¢Ý¾LLÅ wz,-+++ é¹ ½¹ ½ÿ¹ĂêĊ ¾¤ýwLLÅÁĀĊæĉ ¿ óĀö´ù ÿ ºLLÉüĉ¾ĉ  ½ÿ¹

½ºÉ Ă¤¸ĉûĀ¤Å ûj ¿v Ä~ )wă Ăz ìĉ ùxĀĊ£ÿ¾îĊ º«ºĉ  ôê¤þùºýºÉ ÿ 
0+ ùÿ¾îĊ õ¾¤Ċ ¾£ ¾åwzÄĉ +0*+ ¾¤LLLÅv ½đĀùôĉ ¿wLLLÅwă½ ½ĀÚþù Ăzć 

RNA  ¡ºù Ăz ÿ ĂåwÑv0 é¹ĂêĊ wù¹ ½¹ć 00 ¤ýwÅ Ă«½¹Ĉ¹v¾ñ  ā¹v¹ ½v¾é
ºýºLLÉûĀ¤LLÅ ûj ¿v Ä~ )wă Ăz ¡ºù - ĂêĊé¹  ¢Ý¾LLÅ wz,-+++  ½¹ ½ÿ¹
é¹ĂêĊ ¾¤ýwÅÁĀĊæĉ  ĂýĀúý ÿ ºÉRNA ¿wÅwă½ć  ĂõĀõ ½¹0*, ùĈöĊõć¾¤Ċ 
¾å ½¹½Àĉ 2+( ½vºĄòýć ºLLLLÉv¾z )ć  À¤þLLLÅcDNA  ¿vRNA  ¿v
íLLĊ¢Easy TM cDNA synthesis kit  v IÃĀÕ Ã½wLL~$ĉûv¾ #

æ¤LLÅv)ºLLÉ ā¹w v¾zć ā¿vºývć¾Ċñ zûwĊ mRNA Çÿ½ ¿v Real-time 

PCR ¤Åvā¹wæ  āwò¤Å¹ ¿v ā¹wæ¤Åv wz ÿLava 96 Real-time PCR 

Detection System Daan Gene Co Ltd  ¡½ĀLLÍ¢å¾ĉ¼~  ÿ
í¢Ċ ý ÈăÿÂ~ ½¹ ā¹wæ¤LLLÅv ¹½Āù ÀĊ2X SYBR Green Real 

Time PCR v IÃĀÕ Ã½w~$ûv¾ĉ Èþívÿ )¹Āz #Real-time PCR  wz
-0*1 ù¾¤Ċõÿ¾îĊ Master Mix I-0*+ ù¾¤Ċõÿ¾îĊ ¾~¾úĉv Forward I
-0*+ ù¾¤Ċõÿ¾îĊ v¾~¾úĉ Reverse I. ù¾¤Ċõÿ¾îĊ cDNA  āv¾úă ĂLLz
20*- ù¾¤Ċõÿ¾îĊ  ÷w¬ýv xjºÉ¹wêù )¾ĉ wêùĂÆĉćv zûwĊ ûÁwă ½¹ ĂÆĉwêù  wz
zûwĊ GAPDH  ½vÀåv ÷¾ý ÔÅĀ£ ¢åwz ¾ă ½¹Light Cycler SW1.1 

¿½v ¹½ĀùĉĈzw  ½v¾é¢å¾ñ¿½v )Ĉzwĉ ĂÖzv½ ÃwÅv¾z ÿ Ctȹȹ - -  Ç½vÀñºÉ )
 ÈþívÿPCR ê³ ûwù¿ ½¹ĈêĊ ÿ½ ¾zć ĂýĀúý{õwÖù èzwÖù wăĈ  MĒ{é Ăí

 ½v¾î£ wz ºÉ ā¹v¹ ±¾É- v¾z ½wzć  āºÉ ÷w¬ýv ûÁ ¾ă ¹½Āù ½¹ ÿ ĂýĀúý ¾ă
¹wêù ÿ¾ĉ ùüĊòýwĊ Ct ¢é½wăć  Ă{LLLÅw´ù ½v¾î£ ½wz ÿ¹ ½¹ äö¤¸ùºLLLÉ )
Ăz½ĀÚþù ½w{¤Ýv¾ĉ¼~ LLLÑ çĀå Çÿ½ ¹¾z½wí û¹Āzć½ÿ¾ v½wí Ăí ¢LLLÅvĈĉ 
¨î£¾Ċ ö·v¹ ó¾¤þí ûÁ ÿ ãºă ûÁĈ ¾ê£Mw{ĉ ºz )ºLLÉwz ¾zv¾züĉ  ÷vºév ½ĀÚþù

þ´þù û¹Āúý øÅ½ ĂzĈ  ¹½vºýw¤Åvlog ¹wêù¾ĉ ¢é½ ¹½vºýw¤Åv¿wÅć  āºÉ

$ ûÁ ¾ălog input¹wêù ¾zv¾z ½¹ #¾ĉ Ct ºĉ¹¾ñ ÷¾ý ¿v ā¹wæ¤Åv wz Ä Å )
 ½vÀåvívôLLLÆ  û¹v¹ ½v¾é wzlog ¹wêù¾ĉ ¢é½wă ÿ½ ¾zć  ½Ā´ùx ¹wêù ÿ¾ĉ 

Ct ÿ½ ¾z ûÁ ¾ăć  ½Ā´ùy  ½v¹ĀúýXYscatter  øÅ½ºÉ óĀù¾å Ä Å )
 óĀù¾å wz yÅwþ¤ù Ô·y = ax + b  ãºă ûÁ ¾Ċ¨î£ Ĉĉv½wí ÿ ©v¾¸¤Åv

 óĀù¾å ¿v ā¹wæ¤LLÅv wz ½Ā£v¾{Ċõwí ûÁ ÿE=10-1/slope  Ă{LLÅw´ùºĉ¹¾ñ )
v ½¹üĉ  óĀù¾åE v½wí wz ¾zv¾zĈĉ ¨î£¾Ċ ¢LLLÅvv½wí Ă°ýwþ¯ )Ĉĉ ¨î£¾Ċ 
ûÁwăć  ü¤å¾ñ ¾Úý½¹ wz Ü«¾ù ÿ ãºăCI=95%  ĂzwÊùIºÉwz v½wíĈĉ 
¨î£¾Ċ ûÁćwă m£ ¹½Āù ãºăºĊĉ ùĈºLLÉwzĂz )³v¾Õ ½ĀÚþùĈ v¾~I¾úĉ õvĀ£Ĉ 
ûÁwă ¿v ìýwz ûÁ NCBI  È¸zNUCLEOTIDE  ÿ ©v¾¸¤LLLÅv
³v¾ÕĈ v¾~¾úĉ vÀåv ÷¾ý ¿v ā¹wæ¤Åv wz ½PRIMER3 PLUS ¹wæ¤Åvā ºÉ )
v¾~ ÷wú£wă¾úĉ  ¡½ĀÍ ĂzExon-Exon ³v¾ÕĈ wù¹ ÿ āºÉć Ąz xÿ»ĂþĊ 
1+ ¤ýwÅ Ă«½¹Ĉ vĀ¤´ù ÿ ¹v¾ñć GC züĊ /0  w£0+  Ă¤å¾ñ ¾Úý ½¹ ºÍ½¹
 ºÉ$-0#) 

 
 ¾ĉĀÎ£-( ĂÞõwÖù Ăĉwúý 

Picture 2. Study profile 

 

 

 

 

 

 óÿº«-- ÈăÿÂ~ ½¹ ā¹wæ¤Åv ¹½Āù ćwă¾úĉv¾~ ĈõvĀ£ 

Table 2- Sequence of primers used in the study 

Genes Forward  Reverse bp Accession No 

MuRF1 ACCTTCCTCTTGAGTGCCAA 

 

TCAAGGCCTCTGCTATGTGT 139 NM_080903.2 
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Çÿ½ ć½wùj 
      Ă¸LLÆý ć½wùj ½vÀåv ÷¾ý ¿v ā¹wæ¤LLÅv wz-1 SPSS  ôĊö´£ ÿ ĂĉÀ¬£
ā¹v¹wă ¢å¾ĉ¼~ ¡½ĀLLÍ ûĀù¿j ¿v ) ć½wùj ôĊö´£Äýwĉ½vÿ ìĉĂå¾Õ  wz$

þÞù ²ÖÅĈ ć½v¹+0*+ÒPĂÆĉwêù ćv¾z # Ì·wÉ ¡v¾ĊĊâ£ ûvÀĊù wă ½¹

ĈíĀ£ Ĉ{ĊêÞ£ ûĀù¿j ¿v ÿ āÿ¾ñ ½wĄ¯ üĊz þÞù ²ÖÅ wz$Ĉ ć½v¹+0*+ÒP #
āÿ¾ñ ÿ¹ Ăz ÿ¹ ĂÆĉwêù ćv¾z)ºÉ ā¹wæ¤Åv èĊê´£ ćwă 

 

Ă¤åwĉwă 

 ÿ ĈĉwÒå ĂÚåw³ ĈÅ½¾zĈĉ¾Ċñ¹wĉ 

    Ă¤åwĉćwă ìĉ Äýwĉ½vÿ ÀĊõwýj ûĀù¿jāÿ¾ñ üĊz Ăí ¹v¹ ûwÊý Ăå¾Õwă 
þÞù ¡ÿwæ£w$ ¹½v¹ ¹Ā«ÿ ć½v¹++,*+P=#.  IĈíĀ£ Ĉ{ĊêÞ£ ûĀù¿j ªĉw¤ý

$ ½v¹wþÞù Èăwí++,*+P= #//  ó¾¤þí āÿ¾ñ ½¹ v½ ĂÚåw³ ćºLLLÍ½¹
¹v¹ ûwÊý øõwÅ ó¾¤þí āÿ¾ñ Ăz ¢{Æý ûĀÆþĊí½w~ ) üĊz ó¾¤þí āÿ¾ñ

 wz ûĀÆþĊí½w~üĉ¾ú£&üĉ¾ú£ ÿ ûĀÆþĊí½w~&ûĀÆþĊí½w~&ôúîù  ãĒ¤·v
 ºLLLLÉ āºLLăwLLLLÊù ć½v¹wLLþÞù$+3/*2.F= I++,*+P=)#  āÿ¾ñ ½¹

 ½v¹wþÞù ć½wùj ×w´õ ¿v Iwùv ºÉ āºĉ¹ Èăwí Ă¯¾ñv ôúîù&ûĀÆþĊí½w~
 ¹Ā{ý$,0-*+P=#. ûwÊý ªĉw¤ýāºþă¹þÞù ¹Ā{Ąz ćw ć¾Ċñ¹wĉ ÿ ĂÚåw³ ½v¹

 ĈĉwLLÒåwývĀĊ³ ¡ wz ĈLLÉ¿½ÿ ¡wþĉ¾ú£ IĈLLÉ¿½ÿ ¡wþĉ¾ú£ ¾§v ½¹ ôúîù
BCAA  ÷ºÝ ÿ¹wþÞù ¾§v ½¹ ĂÚåw³ ć½v ôúîùBCAA Ăz ¹Āz ĈĉwĄþ£

ā½wúÉ ½v¹Āúý$ /)# 

 
 ½v¹Āúý,(  üĊz ć¾Ċñ¹wĉ ÿ ĈĉwÒå ĂÚåw³ ¡ÿwæ£0  ¢ùĒÝ )èĊê´£ āÿ¾ñ# ûwÊý øõwÅ ó¾¤þí āÿ¾ñ üĊz ½v¹wþÞù Èăwí āºþă¹ ÿ ûĀÆþĊí½w~ ó¾¤þí ÿ

ûwÊý % ¢ùĒÝāÿ¾ñ ½¹ ûj ÈĉvÀåv āºþă¹ )¢Åv ûĀÆþĊí½w~ ó¾¤þí āÿ¾ñ wz ĂÆĉwêù ½¹ üĉ¾ú£ ûĀÆþĊí½w~ ÿ ôúîù üĉ¾ú£ ćwă 5¡v½wÎ¤·vHC ó¾¤þí 5
 IøõwÅPC IûĀÆþĊí½w~ ó¾¤þí 5PT Iüĉ¾ú£ &ûĀÆþĊí½w~ 5PB &ûĀÆþĊí½w~ 5BCAA  ÿPTB&üĉ¾ú£ &ûĀÆþĊí½w~ 5.BCAA 

Figure 1- Differences in spatial memory and learning between the five study groups. The # symbol indicates a 

significant decrease between the healthy control and Parkinson's control groups, and the * symbol indicates an 

increase in supplementary exercise and Parkinson's exercise groups compared to the Parkinson's control group. 

Abbreviations: HC: Healthy control, PC: Parkinson control, PT: Parkinson + training, PB: Parkinson + BCAA, 

and PTB: Parkinson + training + BCAA. 
 

 

 

 

 

ûÁ ûwĊz ¡v¾ĊĊâ£ 

    ìĉ Äýwĉ½vÿ ôĊö´£ ûĀù¿j ªĉw¤ý ÃwÅv¾z Ăí ºÉ Ì¸Êù Ăå¾Õ
āÿ¾ñ üĊzûÁ ûwĊz ćv¾z äö¤¸ù ćwă ćwă$403*.2F= I++,*+P=# 

MuRF1I $-/.*,0F= I++,*+P=# Atrogin-1  ÿ$403*,.F= I
++,*+P=# Myostatin  ûĀù¿j ªĉw¤ý )¹½v¹ ¹Ā«ÿ ć½v¹wþÞù ¡ÿwæ£

ûÁ ĂLLLLÅ ¾ă ćv¾z ĈíĀ£ Ĉ{ĊêÞ£ MuRF1 IAtrogin-1 ÿ 
Myostatin  āÿ¾ñ ½¹PC Ăz ¹½vºýw¤LLLÅv ãv¾´ýv ÿ üĊòýwĊù wz yĊ£¾£
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 ½v¹Āúý-( ûwÊý % ¢ùĒÝ )ûĀÆþĊí½w~ ó¾¤þí ÿ øõwÅ ó¾¤þí āÿ¾ñ ÿ¹ ½¹ ûÁ ûwĊz üĊòýwĊù ¡v¾ĊĊâ£ ûÁ ûwĊz ćv¾z ½v¹wþÞù ÈĉvÀåv āºþă¹MuRF1 I

Atrogin-1 ÿ Myostatin  5¡v½wÎ¤·v )¢Åv øõwÅ ó¾¤þí ÿ ûĀÆþĊí½w~ ó¾¤þí āÿ¾ñ üĊzHC IøõwÅ ó¾¤þí 5PCûĀÆþĊí½w~ ó¾¤þí 5)
Figure 2- Mean changes in gene expression in the two healthy control and Parkinson's control groups. The * 

symbol indicates a significant increase in the expression of MuRF1, Atrogin-1, and Myostatin genes between 

Parkinson's control and healthy control groups. Abbreviations: HC: Healthy control, PC: Parkinson control. 
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 ½v¹Āúý.( āÿ¾ñ ½¹ ûÁ ûwĊz üĊòýwĊù ¡v¾ĊĊâ£ üĉ¾ú£ IûĀÆþĊí½w~ ó¾¤þí ćwă % ¢ùĒÝ )ôúîù&ûĀÆþĊí½w~&üĉ¾ú£ ÿ ûĀÆþĊí½w~&ôúîù IûĀÆþĊí½w~
ûwÊý ûÁ ûwĊz ½v¹wþÞù Èăwí āºþă¹MuRF1 IAtrogin-1 ÿ Myostatin āÿ¾ñ wz ĂÆĉwêù ½¹ ôúîù &üĉ¾ú£ &ûĀÆþĊí½w~ āÿ¾ñ ½¹ ó¾¤þí ćwă

 5¡v½wÎ¤·v )¢Åv ôúîù &ûĀÆþí½w~ ÿ üĉ¾ú£&ûĀÆþĊí½w~ IûĀÆþĊí½w~PC IûĀÆþĊí½w~ ó¾¤þí 5PT Iüĉ¾ú£ &ûĀÆþĊí½w~ 5PB &ûĀÆþĊí½w~ 5BCAA  ÿ
PTB&üĉ¾ú£ &ûĀÆþĊí½w~ 5 .BCAA

Figure 3- Mean changes in gene expression in Parkinson control, Parkinson exercise, Parkinson + 

supplementation, and Parkinson + exercise + supplementation groups. The * indicates a significant decrease in 

MuRF1, Atrogin-1 and Myostatin gene expression between Parkinson + exercise + supplement group and the 

Parkinson control, Parkinson + exercise and Parkinson + supplement groups. Abbreviations PC: Parkinson 

control, PT: Parkinson + training, PB: Parkinson + BCAA, and PTB: Parkinson + training + BCAA.
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ûwĊz ¦Ýwz øĊê¤LLÆù 1-Atrogin ÿ1MuRF  Ĉù Ă¬Ċ¤ý ½¹ ÿ ¹ĀLLÉ
Ĉù ĈýĒLLLÒÝ Ĉåÿ¾£j Ăz ¾¬þù ¹¹¾ñ$/+#)  ÿ ½ÿ¾~ ¡v» ĂÞõwÖù ½¹

$ ûv½wîúă,/+.Ă·¾¯ ĈLLLÅ½¾z Ăz # üĉ¾ú£ wz ĈúîLLLÆĉv xÿwþ¤ù ćwă
 ûÁ ûwĊz ¾z Ă¤æă ÈLLLÉ ¡ºù Ăz Ĉ¤ùwê¤LLLÅv ÿ Ĉ¤ùÿwêùMuRF1 I

Atrogin-1 ÇĀù ½¹ Āöéÿ¹ ĂöLLÒÝ ½w£ ¾Öé ÿ Ĉ¤zwĉ¹ Ĉĉv¾´LLÍ ćwă
 ûÁ ûwĊz Èăwí ¿v Ĉíw³ ªĉw¤ý ÿ ºÉ Ă¤·v¹¾~MuRF1  ÿAtrogin-

1 āÿ¾ñ ÷wú£ ½¹ Āöéÿ¹ ĂöLLÒÝ ¾Öé ÈĉvÀåv üĊþ°úă ÿ ¹Āz Ĉþĉ¾ú£ ćwă
āÿ¾ñ ½¹ ¾§v üĉv ÿ ¢Åv ā¹Āz ¾¤ÊĊz ºþ¤Év¹ ĈúîÆĉv Ă·¾¯ Ăí Ĉĉwă

$/,#½¹ IüĊþ°úă ) $ ûv½wîúă ÿ Ĉ³vºù ĂÞõwÖù-+-- Ăz #¿½vĉzwĈ ¾Ċ§m£ 
õwÞå ÈăwíĊ¢ ýºzĈ Ýw¸ý yLLÎÝ ü¤LLÆz ÔLLÅĀ£Ĉ  ¿v Ä~ĉì  ā½ÿ¹
 ¡wþĉ¾ú£¤ùÿwêùĈ¤ùwê¤Åv IĈ ¾ú£ ÿĉ¡wþ í¾£Ċ{Ĉ z ½¹Ċûw ûÁ MuRF1 

v¾´Í ÇĀù ½¹Ĉĉ  ÷w¬ýv ¾ýûj ĂÞõwÖù ªĉw¤ý ÛĀú¬ù ½¹ ºÉ ûwÊý wă
 ¹v¹ÇĀù Ăíwăć  üĉ¾ú£ āÿ¾ñ¤ùÿwêùĈ ¾ú£ wz āÿ¾ñ Ăz ¢{LLLÆýĉü 
¤ùwê¤ÅvĈ åÿ¾£j ¾zv¾z ½¹Ĉ ÉwýĈ Ýw¸ý yÎÝ ü¤Æz ¿vĈ ÷ÿwêù)ºþ¤Æă ¾£ 
āÿĒÝ¾zûwÊý ÈăÿÂ~ üĉv ªĉw¤ý Iüĉv ûÁ ûwĊz Èăwí āºþă¹MuRF1 
āÿ¾ñ ½¹ ¢LLĊõwLLÞå ÈăwLLí*Ĉ{Ċí¾£ üĉ¾ú£ ćwLLăĈLLLÉ¿½ÿ  üĉ¾ú£ ÿ

 ¢ĊõwÞå Èăwí*Ĉ¤ùÿwêùĈÉ¿½ÿ  ¹Āz$/-# ) ûv½wîúă ÿ ûwæõ¹ ĂÞõwÖù ½¹
$-+-, ĈÅ½¾z Ăz ÀĊý #¾Ċ§m£  ¢Êă ć¿vĀă üĉ¾ú£ ā½ÿ¹ ìĉĂ¤æă ¾z ćv

 ¾ĉ¹wêùMuRF1  ÿAtrogin-1 ÇĀù ½¹ ĈöÞý ĂöÒÝ Ĉĉv¾´Í ćwă
 Ì·wLLLÉ ÿ¹ ûvÀĊù Èăwí ¿v Ĉíw³ ªĉw¤ý )ºLLLÉ Ă¤·v¹¾~ Ĉ¤zwĉ¹

MuRF1  ÿAtrogin-1  ¹Āz ć¿vĀă üĉ¾ú£ ā½ÿ¹ ìĉ ¿v Ä~$/.# )
$ ûv½wîúă ÿ ć¹v¾ù ĂÞõwÖù ½¹-+-+ ĈÅ½¾z Ăz #¾Ċ§m£  üĉ¾ú£ ā½ÿ¹ ìĉ

Ă¤æă Ăý Ĉ¤ùÿwêù ¾ĉ¹wêù ¾z ćvMuRF1  ÿAtrogin-1  üĄ~ ĂöLLÒÝ
ÇĀù ½¹ Ĉ«½w· ¿v Ĉíw³ ªĉw¤ý )ºLLLÉ Ă¤·v¹¾~ Ĉ¤zwĉ¹ Ĉĉv¾´LLLÍ ćwă

 Ì·wÉ ÿ¹ ûvÀĊù ÈăwíMuRF1  ÿAtrogin-1  Ä~ ā½ÿ¹ ìĉ ¿v
 ¹Āz Ĉ¤ùÿwêù üĉ¾ú£$,,# Ĉù ĀÆúăwý ¾Ñw³ ĂÞõwÖù Ă¬Ċ¤ý wz Ăí )ºÉwz

Ĉù ûwúñ÷wĊ~ ¾ĊLLÆù Ăz Ă«Ā£wz Ăí ¹ÿ½ûÿ½¹ ĈýwLLÅ½ üĉ¾ú£ ¾§v ĈõĀöLLÅ
Ì·wÉ ¾z Ĉ¤ùwê¤Åv ºÉwz Ă¤Év¹ ¹Ā«ÿ ć¾¤ÊĊz ¡wÒéwþ£ Ĉåÿ¾£j ćwă

Ĉù Ĉõwú¤³v ôĉđ¹ Ăöú«¿v Ăí ĂýĀúý IĈþĉ¾ú£ ôî£ÿ¾~ ÛĀý Ăz ûvĀ£
 ÛĀý ÿ üĉ¾ú£ ø¬³ ÿ ¡ºù I¡ºÉ IÈăÿÂ~ ûj ¢Év¹¾z ûwù¿ ÿ ¢åwz
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Ĉù Ă°ýwþ¯ )ºLLÉwz$ ûv½wîúă ÿ Ĉ³vºù ĂÞõwÖù ½¹ øĊþĊz-+--ĂýĀúý # wă
$ ûv½wîúă ÿ ć¹v¾ù ĂÞõwÖù ½¹ wĉ ÿ Ĉ¤ùÿwêù üĉ¾ú£ ÿ øõwLLLÅ-+-+ ÿ #

$ ûv½wîúă ÿ ûwæõ¹-+-,ĂýĀúý #Ă¤å¾ñ ½v¾é ĈÅ½¾z ¹½Āù Ĉ¤zwĉ¹ ćwă )ºýv
Ýwz ôúîù ã¾LLLÎù āv¾úă Ăz üĉ¾ú£ Ăîþĉv ¹½Āù ½¹ ÿ¹ ½v¹wþÞù ¾ĊĊâ£ ¦

āºÉ çĀå Ì·wÉĈù ºýv ¡½ĀÍ Ăz Ăö·vºù ÿ¹ ¾ă  Ăí ¹Āúý ûwĊz ûvĀ£
ûÁ ¡v¾ĊĊâ£ ¦Ýwz ôúîùāºÉ Ĉåÿ¾£j ¾ĊÆù ćwă ā¹v¹ ûwÊý Ăív¾¯ ºýv
 ôúîù ¢LLÅv āºLLÉBCAA ûĀù½Āă ÈĉvÀåv ¦Ýwz ÿ ìĊõĀzwýj ćwă

 Ã¾¤LLÅv ¹Ā{Ąz ÿ Ĉĉwĉ½ºþíĀ¤Ċù ÀýÁĀĉwz ¹Ā{Ąz IĈýĒLLÒÝ ā¹Ā£ ÈĉvÀåv
LLÆívĈù ¡ĒLLÒÝ ĀĊ£vºĊ ¹ĀLLÉ$//# Mđwú¤³v Ăîþĉv üĊþ°úă ÿ  üĉ¾ú£

¶Åw~ Èăwí wz ÀĊý ÔÅĀ¤ù ¡ºÉ wz Ĉ¤ùwê¤Åv ÈĉvÀåv ÿ ĈzwĄ¤õv ćwă
Ĉ¤ýj ø¤LLÆĊLLÅāºLLÉ ¾¬þù ûÁ ûwĊz ¾ĊĊâ£ üĉv Ăz ĈývºĊLLÆív ìĉ ¿v )ºýv
üĉv Iã¾ÕĈù ûwúñ ĂýĀñ xĀí¾LLLÅ wz  Ĉ¤ùwê¤LLLÅv üĉ¾ú£ Ăí ¹¹¾ñ

÷wĊ~ ćwă¾ĊLLLÆù ĈýwLLLÅ½FOXO  ÿNF-Kb  āwò¤LLLÅ¹ ½wĄù y«Āù
 üĊ¤ĉĀîĊzĀĉ( Ĉù ¿wu£ÿ¾~ ¹¹¾ñ$/0#  āºÉ üÉÿ½ ¡wÞõwÖù è{Õ Ăí v¾¯
 Ăí ¢LLLÅvFOXO  ĈõvĀ£ Ăz āºĊ{LLLÆ¯ wzDNA  ½Ā£Āùÿ¾~ ĂĊ³wý ½¹

Atrogin-1  }Ċþz ÿ. üĉºz ÿ āºLLÉ ôLLÎ¤ù ûj ûºLLÉ ówÞå wz yĊ£¾£
ĉ¹ wz āv¾úăĈù ĈýĒLLÒÝ Ĉåÿ¾£j y«Āù ìĊýÁĀĉwù ćwă½Ā¤íwå ¾ò ¹¹¾ñ

$/1# Ĉù ûwúñ ¾òĉ¹ ã¾Õ ¿v ÿ Ăí ¹ĀLLÉTNF-Ŭ  ûwĊzMuRF1  ½¹
Ĉù ÈĉvÀåv v½ ¡ĒLLLÒÝ ćwă¾ĊLLLÆù ¿v Ĉ¤ùwê¤LLLÅv üĉ¾ú£ Ăí ºă¹

AMPK Ĉù ôLĉºLÞ£ v½ ûjĂL¬Ċ¤ý ĂLí ºLþí ûvÀĊù ÈăwLí ûj ć
MuRF1 Ĉù Èăwí Ă¬Ċ¤ý ½¹ ÿ ºLLLÉwzMuRF1  ûÁ ûwĊz ûvÀĊù

Atrogin-1 Mw{éwÞ¤ù Ĉù Èăwí ºzwĉ$/2# )Ç½vÀñ ½¹wăć  āºLLLÉ ûwĊz
Ăí ¢Åv MuRF1 Ý ā¹Ā£ û¹v¹ ¢Å¹ ¿v ½¹ýĒÒĈ Éwý ¹¾îöúÝ ÿĈ  ¿v
 ûºÉ ówÞåNF-Kb ÿ TNF-Ŭ öÞ£Ċè {êÝ ÷vºývĈ ĉw ¼â£ iĀÅĉĂ  Èêý
¢Åv Ă¤Év¹ $/3#) 

     ûÁ ¾òĉ¹ ¿vā¿vºýv ćwă ¾Ñw³ ÈăÿÂ~ ½¹ āºÉ ć¾ĊñMyostatin 
j ûÁ ûwĊz ûĀÆþĊí½w~ ćwêõv wz Ăí ā¹Āzû Ä~ ÿ ¢Åv Ă¤åwĉ ÈĉvÀåv wă

Ăz ĈLLÉ¿½ÿ üĉ¾ú£ āÿ¾ñ ½¹ wĄþ£ ¡Ē·vºù Ă¤æă ¢LLÊă ¿v ôúîù āv¾úă
BCAA  Èăwíûj ±ĀÖÅ)¢Åv āºÉ āºĉ¹ wă ·v ¡wÞõwÖù¾Ċ  ûwÊý
ā¹v¹LLLÅ Ăí ºývðþĊõwþòĊ Myostatin z ½¹ ¢LLLÅv üîúùć½wúĊ 
í½w~ûĀÆþĊ vÀåvÈĉ ºzwĉ åÿ¾£j ½¹ ÿĈ ýĒÒÝĈ v ½¹ āºÉ āºăwÊùüĉ 
zûv½wúĊ v )ºÉwz Ă¤Év¹ Èêýüĉ º~āºĉ ýwîù wz ¢Åv üîúùøÆĊćwă ¿¾ĉ 

5ºLLLÉwz Ô{£¾ù vvÀåÈĉ zûwĊ Myostatin z ½¹ć½wúĊ í½w~ IûĀLLLÆþĊ
¤í¾³ óĒ¤·vĈ õwÞå Èăwí ÿ¢Ċ ýºz üĊþ°úă ÿ Ĉ āºLLLÉ ā¹v¹ ûwLLLÊý
 Ăí ¢ÅvMyostatin ¾Õ ¿vèĉ ówÞå¿wÅć ºþ¯üĉ Æù¾Ċ õĀöÅ ûÿ½¹Ĉ 

¾¸£ Ăz ¾¬þù Ăíyĉ u£ÿ¾~üĊ ùĈ ºýĀLLÉ$,+ '/4# )LLÅ Ăöú« ¿vø¤LLÆĊ 
üĊ¤ĊtĀîĊzĀĉ(vÀåv ¦Ýwz I÷ÿ¿wu£ÿ¾~ Èĉåÿ¾£jĈ ù ¡ĒLLÒÝĈ¹ĀLLÉ ½¹ )

zć½wúĊ í½w~IûĀLLÆþĊ vÀåvÈĉ õwÞå¢Ċ Myostatin v ¢LLÅv üîúùüĉ 
LLÆùwă¾Ċ Āê£ v½¢ĉ  ÿ ā¹¾íôĊö´£ ¾LLÆ£ v½ ¡ĒLLÒÝÜĉ )ºþí z ½¹ć½wúĊ 
í½w~IûĀÆþĊ ýwù½¹ ¡Ē·vºùĈ  ĂíMyostatin ù ½v¾é ãºă v½ĈIºþă¹ 

ýĒLLÒÝ ā¹Ā£ Øæ³ Ăz ¢LLÅv üîúùĈ å ¹¾îöúÝ ¹Ā{Ąz ÿĈîĉÀĊ  ìúí
ºþþí $/4#õw³ ½¹ )Ĉ ·¾z ĂíĈ ~ ¡wÞõwÖùÈĊĈþĊõwz óºù ½¹wăć ³ĈývĀĊ 
í½w~ûĀLLLÆþĊ ā¹v¹ ûwLLLÊý ½wĄù Ăí ºývMyostatin ùĈºývĀ£  ÿ ¡½ºé

 ¹¾îöúÝ¡ĒÒÝ ºÊ¸z ¹Ā{Ąz v½ $/1#ê´£ I¡wêĊ zć¾¤ÊĊ v¾zć ¿½vĈzwĉ 
LLLÊ¸z¾§vĈ v ÿĈþúĉ þ¯üĊ £Ē·vºùĈ ¹ûwLLLÆýv ½wăć z Ăz Ē¤{ùć½wúĊ 
í½w~ûĀÆþĊ ý ¹½Āù¿wĊ )¢Åv  ªĉw¤ý¾Ñw³ ĂÞõwÖù  ÿ ć¾öòĊz ¡wÞõwÖù wz

 ûv½wîúă$,.42 #$-2# ÿ Ĉĉw¤Åÿ½ ÿ  ûv½wîúă$-+-+ #$-1# wý ÿ ĀÆúă
wz ªĉw¤ý í ĂÞõwÖùûv½wîúă ÿ ëwzw $-+,3 #$0+#  ûv½wîúă ÿ ¾ĉÁj
$-+-+ #$0,# øăĈù ĀLLÅºLLÉwz ) ûv½wîúă ÿ ¾ĉÁj$-+-+ # wz ĈêĊê´£ ½¹

 ûvĀþÝ ĈÅ½¾z¾Ċ§m£  ¾z ºĉºÉ Ĉzÿwþ£ üĉ¾ú£ Ă¤æă ¢ÊăMyostatin I
 ¾z üĊ£w¤ÆõĀå ûÁ ûwĊz ¢{Æý ÿ üĊ£w¤ÆĊõĀåMyostatin ÇĀù ½¹ ćwă

¾ý Ĉĉv¾´LLLÍ Ĉ¤zwĉ¹ ºý¹v¹ ûwLLLÊý  ûÁ ûwĊz ½¹ ć½v¹wþÞù ¡ÿwæ£ Ăí
Myostatin āÿ¾ñ ½¹Ăz ¢Évºý ¹Ā«ÿ èĊê´£ ćwăĈù ¾Úý ¢öÝ ºÅ½
ªĉw¤ý ¡ÿwæ£ ĀÆúăwý üĉ¾ú£ ÛĀý ¡ÿwæ£ ¾Ñw³ ÈăÿÂ~ ªĉw¤ý wz I IüÅ

ćÂ£v¾¤LLÅv ÿ üĉ¾ú£ ¡ºLLÉ IĂö·vºù ¡ºù Iüĉ¾ú£ ÛĀý I¢ĊLLÆþ« ćwă
Ăĉ¼â£ºÉwz āºÉ ā¹v¹ ćv ªĉw¤ý )ÈăÿÂ~ ûwÊý wăĈùºă¹  Ĉ·¾z Ăí ¿v
ûĀù½Āă ìĊõĀzwýj ćwăôĊ{é¿v  IºÉ½ ûĀù½Āă Iûÿ¾¤ÅĀ¤Æ£IGF-1  ¿v

Ĉù āºĊ°Ċ~ ĈõwþòĊÅ ćwă¾ĊÆù èĉ¾Õ ûwĊz ºþývĀ£Myostatin  ½wĄù v½
 ºþþí$0-#  ¾¤LLÊĊz ¢LLÅv āºLLÉ Ç½vÀñ Ăí Ĉĉw¬ýj ¿v Ĉ¤ùÿwêù ¡wþĉ¾ú£

ûĀù½Āă üĉv ìĉ¾´£ ¦ÝwzLLLÉ wă ½v¹wþÞù ¾ĊĊâ£ ÷ºÝ Ä~ ºýĀ
Myostatin ¾LLÑw³ èĊê´£ ½¹  ĈÞĊ{Õ Ĉþĉ¾ú£ ôî£ÿ¾~ ÛĀý Ăz Ă«Ā£wz

ĂzĈù ¾Úý ã¾LLLÎù wz āv¾úă üĉ¾ú£ ć½v¼ñ¾§v ¹½Āù½¹ Iôí ½¹ )ºLLLÅ½
 ôúîùBCAA Ĉù¾ăwÙ Ăí ¹Āúý ûwĊz ûvĀ£Mv  ôúîù üĉv wz ºÑ ¡v¾§v
õĀzw£wíĊì ùĈºývĀ£ ýĒLLLÒÝ ā¹Ā£ ¿v ¢Úåw´ù ĂzĈ ā½ÿ¹ óĀÕ ½¹wăć 

ºþí ìúí Ç¿½ÿ $,.#) ¹½vĀùć ā¿vºýv IĂýĀúý ø¬³ ºþýwùñć¾Ċ  ã¾LLÍ
mRNA u£ÿ¾~ Ăý ÿIüĊ  ¿v ā¹wæ¤LLLÅvìĉ  ÿ Äþ«ìĉ ĂöLLLÒÝ ÛĀý  ÿ
 ¾z Àí¾ú£ìĉ  ÿ ôúîù ¿v ¿ÿ¹ üĉ¾ú£¢ĉ¹ÿº´ù Ăöú«¿v ÈăÿÂ~ ćwă
 )¹Āz ¾Ñw³ 

 

Ă¬Ċ¤ýć¾Ċñ 
     vÀù ¹Ā«ÿ wzćwĉ  ºþ¤Æù ¢ĊõwÞåÉ¿½ÿĈ ¤ùwê¤ÅvĈ öí ¢ùĒÅ ¾zĈ  ÿ
ñ¹wùjĈ ýwúLÆ«IĈ ù ûwLÊý ¾LÑw³ ĂÞõwÖùĈºă¹ ¾ú£ Ăíüĉ ¤ùwê¤LÅvĈ 
Ăz ĈĉwĄþ£zûwĊ ûÁćwă åÿ¾£j wz Ô{£¾ùĈ ýĒLLLÒÝĈ Ăz v½ ôzwé ½ĀÕ
Ą«Ā£Ĉ â£¾ĊĊ úýĈ ¹Āz āv¾úă ôúîù wz Ăí Ĉùwòþă Ă¯¾ñv Iºă¹¾Ċ§m£ 

 ËĀÎ· ½¹ ¾Ñw³ ĂÞõwÖù Ă«Ā£ ôzwé Ówêý ¿v Ăí ¢Év¹ ć¾ĊòúÊ¯
Îù ½wþí ½¹ ĈÉ¿½ÿ ¡wþĉ¾ú£ ćv¾«v ôúîù ã¾BCAA  ć½v¼ñ¾§v ÿ

ûjûwĊz Ĉ·¾z ¾z wă ûÁ¢LLLÅv ĈýĒLLLÒÝ Ĉåÿ¾£j wz Ô{£¾ù ćwă. vüĉ 
 ÛĀÑĀùù ûwÊýĈºă¹  Ă¯¾ñv Ăí ¢ĊõwÞåÉ¿½ÿĈ ¤ùwê¤ÅvĈ  ¡ºÉ wz
 ÔÅĀ¤ùåÿ¾£j ¾Ö· ÿ ºÊ¸z ¹Ā{Ąz v½ ¡ĒÒÝ ¹¾îöúÝ ¢Åv üîúùĈ  v½
v¾LLLÉ ½¹Ôĉ  wùv Iºă¹ Èăwí Ëw·¾Ċ§m£ ê¤LLLÆùøĊ LLLÆù ¾z ûjćwă¾Ċ 
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