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Abstract  

Aim:       Endurance exercise and caffeine consumption modulate cardiac cell signaling 

pathways; however, the interactive effects of these interventions on the expression of apoptosis-

regulating proteins in myocardial tissue have not yet been fully elucidated. The present study 

aimed to investigate the effects of eight weeks of endurance training and caffeine 

supplementation on cardiac apoptosis factors (BAX, BCL2, P53, Caspase3, and miR-499) in 

male Wistar rats. Methods:Thirty-two rats were divided into four groups: control (ND), caffeine 

(ND+CAF), endurance training (ND+ET), and combined training + caffeine (ET+CAF). The 

caffeine groups received 6 mg/kg/day of caffeine via oral gavage. Endurance training was 

performed on a treadmill  for eight weeks (five sessions per week), with intensity increasing from 

12 m/min (15 min) in the first week to 27 m/min (60 min) by the eighth week.  The relevant 

factors were measured using Western blot and Real time PCR methods. One Way-ANOVA test 

was used and Tukey's post hoc test was used to compare the two groups.  Results:   The results 

showed that the level of proapoptotic protein BAX was higher in the caffeine group, while it 

was lower in the endurance training group and the combination of training and caffeine group 

(P=0.001). Also, the level of antiapoptotic protein BCL2 was higher in the combination of 

training and caffeine group (P=0.001). The expression level of miR-499 in the endurance 

training group and the combination of training and caffeine group was higher than that in the 

control group (P=0.001), and caspase 3 was lower in all groups than in the control group 

(P=0.001), but it had no significant effect on P53 (P=0.873). Conclusion:  endurance training 

effectively mitigates cardiac apoptosis, and when combined with caffeine supplementation, it 

enhances anti-apoptotic signalingðindicating a synergistic cardioprotective effect mediated by 

BCL-2 upregulation, miR-499 activation, and suppression of caspase-dependent apoptotic 

pathways.   
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Extended abstract  

Background 

Apoptosis is a natural mechanism for the elimination of unwanted cells from the body and plays a fundamental role in 

organismal growth and tissue homeostasis. Resistance to apoptosis by dysregulation of the mitochondrial pathway 

controlled by BCL2 members is a hallmark of cancer (̸). Studies have shown that exercise training is effective in reducing 

cardiac mitochondrial proapoptotic proteins (̹). In another study, prolonged moderate-intensity aerobic exercise was 

shown to reduce apoptosis, and the extent to which supplementation reduced apoptosis was dose-dependent (̺). Apoptotic 

processes may be affected by a number of pharmacological and dietary interventions (̽-̻). Caffeine is the most widely 

consumed drug worldwide (̾) . Caffeine is a multifunctional drug that has the ability to induce programmed apoptotic 

cell death (̿). It appears that caffeine has dual effects on tissue function and modulates the cell death life cycle (̀). 

 

Materials and Methods 
The research was an experimental and applied study. 32 male Wistar rats with an average age of eight weeks and a weight 

of 181±15 grams were obtained from the Pasteur Institute of Karaj. At the age of eight weeks and maintained for one 

week in the Animal Physiology Laboratory of the Islamic Azad University of Zanjan. 

Experimental design  

Rats were randomly divided into four groups of eight: control normal diet (ND), normal diet + caffeine supplement (ND 

+ CAF), exercise (normal diet + endurance exercise) (ND + ET), and endurance exercise + caffeine supplement (ET + 

CAF), and they had free access to water and food. This study was conducted with a post-test design with a control group 

and in compliance with all ethical principles of working with laboratory animals according to the Helsinki Declaration, 

in the Research Ethics Committee of the University of Kurdistan with the ethics code IR.UOK.REC.1401.018. 

Training protocol  

Caffeine supplementation: Supplementation was given daily according to the weight of the rats and at a dose of 6 mg/kg 

of body weight, for eight weeks in the relevant groups by oral gavage (̸ -̸̹ )̷.  

Endurance training: Endurance training (eight weeks, five sessions per week) was performed on a treadmill for rodents. 

The running speed and duration in the first week of the study were 12 m/min and 15 min, respectively, and in the last 

week it reached 27 m/min and 60 min. 

Extraction of laboratory animal tissue: To collect the samples, the animals were anesthetized with a combination of 

xylazine (10 mg/kg) and ketamine (80 mg/kg) by intraperitoneal injection. Then the brain was removed with utmost care 

by cutting the skull of the animal. The brain was then washed in physiological serum. The other samples were immediately 

frozen using liquid nitrogen and transferred to the freezer at -80 for further measurements. 

Assessment of studied factors: Western blot and RT-PCR methods were used to measure the levels of apoptotic proteins, 

and statistical analysis was performed using the ANOVA method and Grafpad prism software.. 

Statistical analysis  

After collecting data and calculating the mean and standard deviation of data using descriptive statistics, Shapiro Wilk 

test was used to determine the normal distribution of data. In the related variables, one-way ANOVA test was used for 

comparison between groups and control group and then Tukey's post hoc test was used to compare the differences between 

groups. 

Results 

The results of the one-way analysis of variance test showed that there was a significant difference in the levels of BAX 

protein (P=0.001), BCL2 (P=0.001), Caspase 3 (P=0.001), and miR-499 (P=0.001) in the study groups. There was no 

significant difference in the levels of p53 (P=0.8734) in the study groups. 

Discussion 

The present study was conducted to investigate the response of cardiac apoptosis proteins to eight weeks of aerobic 

training and caffeine supplementation in male Wistar rats. The findings of this study showed that endurance training and 

the combination of endurance training with caffeine supplementation can affect the apoptotic proteins BAX, BCL2 and 

Caspase 3 and also significantly increase the expression of miR-499 in the heart tissue of male Wistar rats. In this study, 

the level of the apoptotic protein BAX was significantly increased by both endurance training and caffeine consumption, 

on the other hand, caffeine supplementation with endurance training increased BAX in the heart tissue of rats. The findings 

of this study showed a significant decrease in the level of the apoptotic protein Caspase 3 in the endurance training group 
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with caffeine supplementation compared to the normal food group and the normal food group with caffeine 

supplementation alone, but in this study, no significant difference was observed in the levels of p53 in the groups under 

study. On the other hand, in this study, miR-499 in the cardiac tissue of male Wistar rats in the endurance exercise group 

with caffeine supplementation showed a significant increase compared to the normal diet, normal diet with caffeine 

supplementation, and normal diet with endurance training groups. 

Article message 

The findings of this study showed that eight weeks of endurance training, both alone and in combination with caffeine 

supplementation, can be effective on the apoptotic responses of cardiac tissue in male Wistar rats. Endurance training can 

regulate and modulate cardiac apoptosis by increasing the levels of BCL2 and miR-499 proteins and decreasing the 

apoptotic proteins BAX and Caspase 3 in cardiac tissue. In general, it seems that endurance training with caffeine 

consumption can have anti-apoptotic effects on the cardiac tissue of rats. However, in normal and normal conditions, it 

is recommended to use an appropriate dose of caffeine supplementation and to accompany it with exercise training. 
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Ăùwý¾z ï¾ù Ă¤Å¹ ÿ¹ Ăz ¢õĀĄÅćÀĉ½ #¿ÿ¾îý$ Ĉå¹wÎ£ ï¾ù ÿ #¿Ā¤~Ā~j$ āºÉ

øĊÆê£Ĉù ćºþz ìĉ ÃwÅv ¾z wùv I¹ĀÉĂê{Õ ¹ÿº³ Iºĉº« ćºþz,,  ï¾ù ÛĀý
Ĉù Ăöú« ¿v Ăí ¢Åv āºÉ ĈĉwÅwþÉ ĈõĀöÅ IÄĉ¿ÿ¾îý IÄĉ¿Ā¤~Ā~j Ăz ûvĀ£

ćÁwåĀ£v,Äĉ¿Āîýv I- Äĉ¿Ā¤~ÿ¾Ċ~ ÿ.  )¹¾í ā½wÉv8,7 øÆĊýwîù ìĉ ¿Ā¤~Ā~j )
óĀöÅ ã¼³ ćv¾z ĈÞĊ{Õ ºÉ½ ½¹ ĈÅwÅv Èêý ÿ ¢Åv ûºz ¿v Ă¤ÅvĀ·wý ćwă

Ĉz ÔÅĀ£ ¿Ā¤~Ā~j ¾zv¾z ½¹ ¢ùÿwêù )¹½v¹ ¢åwz ¿w¤ÅĀuùĀă ÿ øÆĊýwñ½v ¾ĊÆù ĈúÚý
ó¾¤þí ć½ºþíĀ¤Ċù ćwÒÝv ÔÅĀ£ āºÉ2BCL /ĂÎ¸Êù ¿v Ĉîĉ ûwÕ¾Å ćwă

 ¢Åv8,.7āv½ ½¹ ĈöÍv ø¤ÆĊÅ ½wĄ¯ ) 5ºý½v¹ Èêý ĈõĀöÅ Äĉ¿Ā¤~Ā~j ć¿vºýv,( 
 ûºÉ ówÞå ¿wáj ¦Ýwz çĀå ćwĄõwþòĊÅ ówê¤ýv Ăí wĄõwþòĊÅ ówê¤ýv ćwă¾ĊÆù

øĉÀýj ć½wÊzjĈù ¿w Åwí ÷wþz Ĉĉwă Ăz v½ wă¿w Åwí )¹¹¾ñ øĊÆê£ Ĕöí āÿ¾ñ ÿ¹
Ĉù$ ºþþí,. ',/ówþòĊÅ *¾ñ¿wáj ćwă¿w Åwí 5# *āºþþí v¾«v ēwă¿w Åwí ÿ āºþă¹

 āºþþí¾§v8,/7 )-(  IĈõĀöÅ ĈÆíĀýj I¹v¿j ćwĄõwîĉ¹v½ 5 ĈõĀöÅ yĊÅj ¾ĊÆù
Ĉù Äĉ¿Ā¤~Ā~j ¦Ýwz ĈõĀöÅ ô·v¹ ¹v¿j øĊÆöí ²ÖÅ ÈĉvÀåv ºýĀÉ8,07 ).( 

 yĊÅjDNA/p53-p73Ă¤Æă ô·v¹ ¾ĊÆù üĉv ¾ñv ) I¹ĀÊý ÷w¬ýv ¢ĊêåĀù wz ćv
 üĊu£ÿ¾~ ¡½ĀÍ ûj ½¹p53 ¢ÉĀýÿ½ ¿wáj ÿ ¾ĊĊâ£ ¦Ýwz½Ā¤íwå ć½v¹¾z ćwă

 ºÉ ºăvĀ· Äĉ¿Ā¤~Ā~j āºþþí ìúí8,17 )/(  ¦Ýwz ĈõĀöÅ iwÊá ćwĄ{ĊÅj ¾ĊÆù
v øĉÀýj ûºÉ ówÞå¿wþĊöĊùĀòþæÅ0  ¡w{Ċí¾£ ¿v ćºĊùj¾Å ôùwÝ ºĊõĀ£ ¢ĉwĄý ½¹ ÿ

Ĉù óĀöÅ iwÊá ćºĊ Ċõ y«Āù ówþòĊÅ ¹w¬ĉv wz Ä Å ćºĊùj¾Å ôùwÝ )¹ĀÉ
Ĉù Äĉ¿Ā¤~Ā~j ¹¹¾ñ8,27ćºþz øĊÆê£ ½¹ )Öz I¾òĉ¹ ćwă ēwă¾ĊÆù IĔöí ½Ā

Ĉù øĊÆê£ Ă¤Å¹ ÿ¹ Ăz v½ ¿Ā¤~Ā~j ºþĉj¾å ìĉ¾´£ ½¹ ¾Ċñ½¹ wĉ Ĕýÿ½¹ ¾ĊÆù 5ºþþí
ā¹vĀýw· ÔÅĀ£ Ăí Ĕĉwĉ½ºþíĀ¤Ċù ¾ĊÆù BCL2 Ĉù ó¾¤þíē¿wÆõwÞå wz ÿ ¹ĀÉ 

Bax/Bak  Ĉù Ĕĉwĉ½ºþíĀ¤Ċù ēwÊá ē¾ĉ¼~»Āæý Ăz ¾¬þù ¾ĊÆù üĉv ½¹ )¹¹¾ñ
Äĉ¿Ā¤~Ā~j ¹w¬ĉv ½¹ ć½ºþíĀ¤Ċù ¢ĉ½Ā´ù  ¹½v¹ v½ ¢Ċúăv üĉ¾¤ÊĊz8/(17 )

Ã¾¤Åv Ôĉv¾É ÷ÿ¾íĀ¤ĊÅ ÿ āºÉ ûj ć¾ĉ¼~»Āæý ½¹ Ĉ£v¾ĊĊâ£ y«Āù v¿c ½¹ Ăí I
 ¹v¿j óÿ¿Ā¤ĊÅ ô·vºz ¹½v¹ ½v¾é ĈĉwÊá üĊz ćwÒå ÿ ć½ºþíĀ¤Ċù Ĉö·v¹ ćwÊá

½Ā¤íwå Ăz IāºÉ, Äĉ¿Ā¤~Ā~j āºþþí ówÞå ¿wu£ÿ¾~1 1-Apaf Î¤ù Ĉ{Ċí¾£ ÿ āºÉ ô
 ÷wþzdATP Ĉù ôĊîÊ£ ¿w Åwíÿ¾~ ć¿wÆõwÞå èĉ¾Õ ¿v IyĊ£¾£ Ăz Ä Å )ºă¹4 I
 ¿w Åwí4  ¿w Åwí ÿ. Ĉù Äĉ¿Ā¤~Ā~j y«Āù ¹ĀÉ8,37 ó¾¤þí Ăö³¾ù üĉ¾¤úĄù )

¹v¿j I¾ĊÆù üĉv ÷ÿ¾íĀ¤ĊÅ ć¿wÅc üĊu£ÿ¾~ )¢Åv ï¾ù ¾ĊÆù āºþþí½wĄù ćwă
 ºþýwù ĈõĀöÅBCL2  ÿBcl-XL  ÷ÿ¾íĀ¤ĊÅ ć¿wÅ ¹v¿j Üýwùc  üĉv Ăz ÿ āºÉ

Ĉù wæĉv v½ ¹Ā· Èêý yĊ£¾£ ºþþí8,47 ¿w Åwí )3 ¾ĊÆù èĉ¾Õ ¿vBID   Ä Å ÿ
tBID ~j ÈĊ~ üĊu£ÿ¾~ ÈĉvÀåv wz ĈÆĉ¿Ā¤~ĀBAK  ć¿wÅwă½ ÈĉvÀåv y«Āù

 ÷ÿ¾íĀ¤ĊÅc Ĉù ć½ºþíĀ¤Ċù ¿v ¹ĀÉ8-+ '-,7 èĉ¾Õ ¿v üĊþ°úă ć½ºþíĀ¤Ċù )
 ¿wtĀöîýÿºýv ôùwÝ û¹¾í wă½ wz ÿ ć¿w Åwí¾Ċá ¾ĊÆùG (EndoG)  ½Ā¤íwå ÿ

$ Äĉ¿Ā¤~Ā~j Ûÿ¾ÉAIF   Ĉò¤ÆÆñ ÿ Ă¤Æă ¾z ¾§v y«Āù #DNA Ĉù ¹ĀÉ807 )
 ¾ĊÆù üĉv ½¹P53 Ĉù ó¾¤þí v½ āºÉ ćÀĉ½ Ăùwý¾z ï¾ù ºþĉv¾å èĉ¾Õ ÿ¹ Ăz Iºþí

 

, - Autophagy 

- - Oncosis 

. - Pyroptosis 

Ĉù ÷w¬ýv Ëw· ćwĄýÁ ¿v ĈÆĉĀýÿ½ ĂÖÅvÿ Ăz ó¾¤þí üĉv Çÿ½ ìĉ ½¹ ÿ ¹ĀÉ
¾Ċá ćwă¾ĊÆù ¿v ó¾¤þí üĉv ¾òĉ¹ Çÿ½ ½¹zvÿĈù ¡½ĀÍ ĈÆĉĀýÿ½ Ăz Ă¤Æ )¹¾Ċñ

ûÁ IĈÆĉĀýÿ½ Ăz Ă¤Æzvÿ ¾ĊÆù ½¹ ĈõĀöÅ ï¾ù ½¹ Ăí ºý½v¹ ¹Ā«ÿ ć¹ºÞ¤ù ćwă
 ÔÅĀ£  ÿ Ă¤Év¹ ÈêýP53  ºþýwù ºýĀÉ Ĉù ûwĊzBAX ICD95/FAS/Apol 

 Iºý½v¹ v½ ĈõĀöÅ ï¾ù iwêõv ĈĉwývĀ£ ĂíPIG ëĀÉ  øĊÚþ£ ½¹ Ăí ĈÊĉwÆív  ćwă
 ĈýÁ ā¹vĀýw· ÿ ºý½v¹ ÈêýTNF-Receptor  È¸z )ºþ¤Æă ï¾ù ÷wĊ~ ćÿw³ Ăí

 ÷ĀöîĊ£½ Ăî{É ćÿ½ Ã¾¤Åv Ăz ÓĀz¾ù IĈõĀöÅ Äĉ¿Ā¤~Ā~j Ĉýÿ½¹ ¾ĊÆù ÷ÿ¹
 ¿v ĈõĀöÅ ô·v¹ øĊÆöí ±ĀÖÅ ÈĉvÀåv  ÿ ¢Åv ìĊúÅĒ~Āí½wÅ*ìĊúÅĒ~ÿºýv

üĉw õwí û¹¾í ówÞå wz Ăî{É üĉv ¿w Åwí û¹¾í ówÞå ÿ wă,-  ¿w Åwí Ä Å ÿ. 
Ĉù Äĉ¿Ā¤~Ā~j y«Āù ¹ĀÉ8--7 ÷ĀöîĊ£½ ĂÖÅvÿ wz Äĉ¿Ā¤~Ā~j ½wíÿ¿wÅ üĉv¾zwþz )

ºýwòĊõ ¾ĊÆù ¿v ôê¤Æù IìĊúÅĒ~Āí½wÅ*ìĊúÅĒ~ÿºýv( ¾ĊÆù ÿ āºý¾Ċñ
Ā¤ĊùĈù Ĉĉwĉ½ºþí ºÉwz8-.7üĉw õwí ) ÈĉvÀåv wz wăBid  ćÿ½ Ã¾¤Åv ¹w¬ĉv ÿ

 ÷ÿ¾íĀ¤ĊÅ ć¿wÅwă½ ÈĉvÀåv y«Āù ć½ºþíĀ¤Ċùc  ¿w Åwí ¢ĉwĄý ½¹ ÿ4 Ĉù ¹ĀÉ
8-/7 xĀí¾Å wz ìĊúÅĒ~Āí½wÅ*ìĊúÅĒ~ÿºýv ÷ĀöîĊ£½ Ăî{É ćÿ½ Ã¾¤Åv )

BCL2  ¿w Åwí ÈĉvÀåv ¢ĉwĄý ½¹ ÿ ć½ºþíĀ¤Ċù ćÿ½ Ã¾¤Åv ¹w¬ĉv y«Āù4 
Ĉù ¹¹¾ñ8--7 ¿w Åwí Iüĉv¾z āÿĒÝ ),-  ¿w Åwí ûºÉ ówÞå y«Āù4  ¿v ôê¤Æù

 ôùwÝ1-Apaf  āºÉ8-- '-/7  ÷ĀöîĊ£½ Ăî{É ¾z āºÉ ¹½vÿ Ã¾¤Åv ÿ
 ¡v¾ĊĊâ£ ÿ ĀĊ£vºĊÆív Ã¾¤Åv ÈĉvÀåv y«Āù ìĊúÅĒ~Āí½wÅ*ìĊúÅĒ~ÿºýv

Ĉù ć½ºþíĀ¤Ċù ûwĊz ÈĉvÀåv wz ºýÿ½ üĉv Ăí ¹ĀÉ2BCL Ĉù xĀí¾Å ¹ĀÉ8-/7 )
üĊu£ÿ¾~ ā¹vĀýw· ćwă2BCL ºþ¤Æă ĈõĀöÅ Äĉ¿Ā¤~Ā~j ĈöÍv āºþþí øĊÚþ£8-07 )
üĊu£ÿ¾~wă½ ¿v ć¾ĊñĀö« wz v½ Äĉ¿Ā¤~Ā~j IìĊ£Ā¤~Ā~jºÑ ćwă ÷ÿ¾íĀ¤ĊÅ ć¿wÅ

c Ĉù øĊÚþ£ Ić½ºþíĀ¤Ċù ¿vüĊu£ÿ¾~ Iºþþí Üĉ¾Æ£ y«Āù ìĊ£Ā¤~Ā~j ÈĊ~ ćwă
Ĉù ûj ć¿wÅwă½ ºýĀÉ8,4 '-17 )-āºý¾Ċñ ¾ĊÆù wĉ Ĕýÿ¾Ċz ¾ĊÆù ) Ăí ï¾ù ćwă

ºýwòĊõ ów{ýºz ¾ĊÆù üĉv āºý¾Ċñ ĔÉĀ~ā¹vĀýw· ćwă TNF  Ăz ¾¬þù ÿ āºÉ ¿wáj
¿w Åwí ē¿wÆõwÞå(3 ¿w Åwí ¢ĉwĄý ½¹ ÿ(. Ĉù Ăz Ă¤Æzvÿ ćwă¾ĊÆù Èêý )¹¹¾ñ

 Äĉ¿Ā¤~Ā~j ºþĉv¾å ½¹ ĈöÍv Èêý ÿ ¹½v¹ ¢Ċúăv ½wĊÆz Äĉ¿Ā¤~Ā~j ½¹ ¿w Åwí
 ówÞå wz Ăí ¹ĀÉ Ĉù Ûÿ¾É  ï¾ù ćwă½Ā¤ Å½ ¿v ºþĉv¾å I¾ĊÆù üĉv ½¹ )¢Åv

ù ûºÉĈù Ăùv¹v wă¿w Åwí øĊê¤Æ ¿v ¢Åv üîúù ¹½vĀù ¿v Ĉ·¾z ½¹ ÿ ºzwĉ
÷wĊ~ Ĉ«½w· ¾ĊÆù ½¹ )¹ĀÉ ā¹wæ¤Åv ÔÅvÿ ûvĀþÝ Ăz øă ć½ºþíĀ¤Ċù ï¾ù ćwă

 ¾ĊÚý$IL-1ɓ ITNF-Ŭ  wĉFasLāºý¾Ċñ Ăz # óĀöÅ ćwÊá ï¾ù ćwă
$TNFR1, ,TNFR2, TRAIL Fas ć¿wÆõwÞå y«Āù ÿ āºÉ ôÎ¤ù #

 ¿w Åwíÿ¾~3 ¿w Åwí I3  ¿w Åwí w{éwÞ¤ù ÿ.  ĈõĀöÅ Äĉ¿Ā¤~Ā~j ¢ĉwĄý ½¹ ÿ
Ĉù ºý¹¾ñ8-07 ºýwòĊõ ¿v ºþ£½w{Ý ¾ĊÆù üĉv ½¹ øĄù ºýwòĊõ )Fas (FasL)  Ăz Ăí

 āºý¾ĊñFas  āÿ¾ñ ÿ ¹ĀÉ Ĉù ôÎ¤ùTNF   wĄýj üĉ¾¤úĄù Ăí wăTNF-Ŭ  Ăí
 āºý¾Ċñ ĂzTNFR Ĉù ôÎ¤ù ¹¹¾ñ8-27 )FAS  )¢Åv ï¾ù ½Ā¤ Å½ ìĉ
  ćwăºýwòĊõFAS   āºý¾Ċñ Ăz ówÎ£v wzFAS  iwêõv ÿ ûºÉ āÀĉ¾ùĀòĊõÿv ¦Ýwz

 ûºÉ ówÞå Ăz ¾¬þù ¢ĉwĄý ½¹ Ăí āºÉ ½Ā¤ Å½ üĉv ½¹ ûĀĊÅwù½ĀæýĀí ¡v¾ĊĊâ£
FADD Ĉù) ¹ĀÉFADD   ¿w Åwíÿ¾~ ćwă¾ùĀòĊõÿv Ăz āºÉ ówÞå3  āºÉ ôÎ¤ù

ĉ¾Õ ¿v đwú¤³v ÿ ûºÉ ówÞå ¦Ýwz ÀĊõĀu£ÿ¾~ Ā£v ÿ ĈÞÑĀù ¢Úöá ÈĉvÀåv è

/ B-cell lymphoma 

0 . Sphingomyelinase 

1 Apoptotic peptidase activating factor 1 
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 ¿w Åwí3 Ĉù ¹ĀÉ8-37 ¿w Åwí )3  I¢Åv ĂĊõÿv ćwă¿w Åwí iÀ« ¹Ā· Ăí øă
Ăùwý¾z ï¾ù Ûÿ¾É ÿ ć¿w Åwí ½wÊzj Ûÿ¾É ĈĉwývĀ£ ¾ĊÆù )¹½v¹ v½ āºÉ ćÀĉ½

 ćv¾z ĈĄzwÊùTNF  óĀöÅ ºùj½wí ã¼³ )¹½v¹ ¹Ā«ÿ ÀĊý Èêý ē¿Ā¤~Ā~j ēwă 
 
ùóĀöÅ ã¼³ ÿ ¿w¤ÅĀúă IēºÞz ĂÅ ēwă½w¤·wÅ ¹w¬ĉv ½¹ ĔúĄ IóĀúÞù ¾Ċá ēwă

Ĉù wæĉv Iē¹¾îöúÝ ¾Ċá ÿ ¾Òù)ºþí 

ÈăÿÂ~ÿ¾îĊù ÛvĀýv ÿ Ĉýºz ¢ĊõwÞå üĊz Ów{£½v ½¹ āºÉ ÷w¬ýv ćwăRNA wă
Ă¤åwĉ üĊúă wùv )¢Åv ëºýv ¢Úöá ÿ ûwĊz ¾z Ĉýºz ¢ĊõwÞå ¾§v āºþă¹ ûwÊý wă

ÿ¾îĊùRNAý¹ Ăz ÿ ā¹Āz wăÿ¾îĊù ½¹ ¡v¾ĊĊâ£ Iûj ów{RNA ¹w¬ĉv y{Å wă
ć½wñ¿wÅĈù Ĉýºz ¢ĊõwÞå ¿v ĈÉwý ćwă ¹ĀÉ8-47 ÿ Ç¿½ÿ äö¤¸ù ÛvĀýv )
¢ĊõwÞåë¾´ù āºþþíwêõv Ĉýºz Ăí ºþ¤Æă ĈîĊõĀzw¤ù ÿ ĈýĀù½Āă IĈîĊýwîù ćwă

ÈăÿÂ~ )¹ĀÉ Ĉù ĈõĀöÅ ÛĀý ÿ ¢åwz ¾ă ½¹ Mw{ĉ¾ê£ ć½wñ¿wÅ Ăz ¾¬þù ¾Ċ·v ćwă
āw£Āí Ç¿½ÿ øă Ăí ¢Åv ā¹v¹ ûwÊý ¡ºùºþöz Ç¿½ÿ øă ÿ ¡ºù

±ĒÍvāºþþí ĈîĊ¤ýÁ Ĉ~v ćwă ûĀĊÅĒĊ¤ù Ăöú«¿v āĀêõwzDNA ¡v¾ĊĊâ£ I
ÿ¾îĊù ûwĊz ÿ Ăú«¾£ ¿v Ä~ ûĀ¤ÆĊăRNA ½¹ v½ ć¹¾îöúÝ ÷ĀýÁ Ăí ºþ¤Æă wă

¢ùwñóĀöÅ ÿ ûĀ· I¡ĒÒÝ IwăóĀöÅ ½¹ Ĉz¾¯ ćwăĈ{öé ø¤ÆĊÅ ćwă( 
Ĉù ¾ĊĊâ£ Àâù ¢åwz ÿ Ĉéÿ¾Ý )ºþă¹ 

 Ăz ÓĀz¾ù ¡wÞõwÖùmiR-208b  ÿmiR-499  ĂþĊÊĊ~ Ăí ºýºĊÅ½ Ă¬Ċ¤ý üĉv Ăz
 ²ÖÅ ÈĉvÀåv ¾z ĈîĊ¤ýÁ ÿ Ĉ¤ĊùĀémiRNA Ĉúý ¾Ċ§m£ wă ÿ¹ ¾ă ²ÖÅ I¹½v¼ñ

 ÿ I¹½v¹ ¢êzwÖù ¾ýÿ¾í çÿ¾Ý Ĉòþ£ ¡ºÉ wz ¢{¨ù ½ĀÕ Ăz Ĉ¤Æĉ¿ ¾òýwÊý
miRNA ā¹v¹ ¢Åv üîúù wăÈĊ~ ¹½Āù ½¹ v½ Ĉĉwă Ătv½v ć½wúĊz üĉv ĈĄñj
 ºþă¹8.+7Ĉ·¾z )  ¿vmiRNAs  Ĉù ûwĊz ĈýĒÒÝ ¢åwz ½¹ Ôêåûj ÿ ºýĀÉ wă
 v½myomiRs  üĉv Ăöú« ¿v )ºþùwý ĈùmyomiRs Ĉù Ăz ûvĀ£miR-1 ImiR-

133 ImiR-206  ÿmiR-499  ĈýĒÒÝ ćwăºþĉj¾å ¿v ć½wúÉ ½¹ Ăí ¹¾í ā½wÉv
 ºý¾Ċñ½¹8.,7 myomiRs ĈùówþòĊÅ ¢ĉvºă ºþýwù$ yöé ¹¾îöúÝ ºþývĀ£ ćwă

 ¾ÍwþÝ üĉv )ºþþí øĊÚþ£ v½ #yöé ĂöÒÝ Ïw{êýv ÿ ½w¤·wÅ IºÉ½ Iyöé Ĉîĉ¾¤îõv
ć½wúĊz ½¹Ĉ¤³ ÿ ºý½v¹ ¾Ċ§w£ ÀĊý Ĉ{öé ćwă  ûvĀ¤z wĄýj ć½wî¤Å¹ wz ¢Åv üîúù
ô³ āv½ Ăz¢åwĉ ¢Å¹ Ĉýwù½¹ ćwă 8.-7üĉv ¿v Ĉîĉ ) myomiRs  ½¹ ¹Ā«Āù
 ûÿ¾¤þĉv,4 ûÁ Ib7myhI 499miR_  ¢Åv8..7 Ôĉv¾É ½¹ ) ÿ yöé ćÁĀõĀ£w~

 ûwĊz ûvÀĊù IĈúîÆĉv üĊþ°úămiR_499 Ĉù Èăwí û¹¾í ûv¹ ëwý wùv )ºzwĉ
 ćvÀýÿ½¹ ûwĊzmiR_499 )¢Åv ½v¼ñ¾§v yöé ¹¾îöúÝ ÿ ½w¤·wÅ ¾zmiR_499  I

ć½ºþíĀ¤Ċù øĊÆê£Ĉù ôĊĄÆ£ v½ yöé ½¹ wă ºþí8./7 Ĉù ÿ ûwù½¹ ½¹ ºývĀ£
ºÉwz Ă¤Év¹ Ĉ¤{¨ù ¾§v Ĉ{öé ĈĉwÅ½wý 8.07 Ăí ¢Åv ā¹v¹ ûwÊý ¾Ċ·v ¡wêĊê´£ )

miR-499  ðþĊõwþòĊÅ ½Ā´ù ôĉºÞ£ wzBCL-2/BAX ówÞå xĀí¾Å ÿ ć¿wÅ
¿w Åwí(.  øĊÚþ£ ½¹ ĈúĄù ÈêýĈù wæĉv ¿Ā¤~Ā~j Ăí ¢Åv āºÉ ā¹v¹ ûwÊý )ºþí

 º³ ¿v ÈĊz ûwĊzmiR-499 ¢ĊÅĀĊùĀĉ¹½wí ½¹ Ï¾Þù ½¹ ćwă
ûÂĊÆív*ĈÆíĀ Ċă ¿Ā¤~Ā~j ºÑ üĊu£ÿ¾~ ûwĊz IĀĊ£vºĊÆív Ã¾¤Åv wĉ ¹º¬ù ĈýwÅ½

BCL-2 Ĉù ÈĉvÀåv ĈĄ«Ā£ ôzwé ½ĀÕ Ăz v½ ²ÖÅ Ăí Ĉõw³ ½¹ Iºă¹BAX 
ÈĊ~¿w Åwí ÿ ¿Ā¤~Ā~j ¿wÅ(. Ă¤ÆîÉ Ĉù Èăwí v½ āºÉ ï¾ù Ă¬Ċ¤ý ½¹ ÿ ºă¹

Ĉù Èăwí v½ ĈõĀöÅ ºă¹8.17 ) ûÁ ½wĄù èĉ¾Õ ¿v ć¹ÿº³ w£ ¡v¾§v üĉv ćwă
ÈĊ~ ãºă ºþýwù ¿Ā¤~Ā~j ¿wÅSOX6 IPDCD4  ÿPACS2  ÔÅĀ£miR-499 
Ĉù µ½½ºþíĀ¤Ċù ¹¾îöúÝ óĒ¤·v ĂÖÅvÿ Ăí ºă¹ ºþ¤Æă ¿Ā¤~Ā~j ðþĊõwþòĊÅ ÿ ć
8.27 Iûv½wîúă ÿ Ĉõ$-+,1 )#  Iüĉv ¾z āÿĒÝ499-miR  û¹v¹ ½v¾é ãºă wz

ówÞå Èăwí ÿ üĉ½ĀþĊÆöí ć¿wÅDrp1 Ĉù ć¾ĊñĀö« ć½ºþíĀ¤Ċù øĊÆê£ ¿v ºþí
Ĉù ¹ÿº´ù v½ ¿Ā¤~Ā~j ÿ Øæ³ v½ ć½ºþíĀ¤Ċù Ĉò¯½w îĉ Ă¬Ċ¤ý ½¹ ÿºþí8./7 ) 
ôúîù wz āv¾úă ć¿vĀă üĉ¾ú£ Mđwú¤³v Ăí ¢Åv āºÉ Ç½vÀñĈù wă ½w§j ºývĀ£

üáÿ½ x¾¸ù ĂöÒÝ yĉ¾¸£ Ăz Ă¤Æzvÿ ûÁ ûwĊz ¾z v½ èĊúÝ āºĉ¹ ¡½v¾³ ćwă
ýĀñ¾ñ¹ ¹Ā{Ąz y«Āù ÿ ā¹v¹ Èăwí yöé ¹ĀÉ ¢ĊÅĀĊù ½w¤·wÅ Ĉ8.7.  

 ºþĉv¾å ¾z ¡ºù āw£Āí ¡wþĉ¾ú£ ¾Ċ§w£ ĈÅ½¾z Ăz Ă¤å¾ñ ¡½ĀÍ ¡wÞõwÖù ¾¨ív
 ¡ºù ºþöz ¡wþĉ¾ú£ ¾Ċ§w£ wùv )ºýv Ă¤·v¹¾~ ¿Ā¤~Ā~j.  ¿Ā¤~Ā~j ºþĉv¾å ¾z ¢ĊõwÞå āwù

 IºÉwz Ĉù ûwù¿ Ăz Ă¤Æzvÿ ¿Ā¤~Ā~j ¡v¾ĊĊâ£ Ăí Ĉĉw¬ýj ¿v )¢ÆĊý Ì¸Êù
 ±ĀÖÅ Ăí Ĉ¤éÿ )ºÅ½ Ĉù ¾Úý Ăz ć½ÿ¾Ñ ¾£ ĈýđĀÕ ¡wêĊê´£ ¹Ā«ÿ ¡½ÿ¾Ñ

¹ĀÉ Ĉù ½ĀùĀ£ ºÉ½ Ăz ¾¬þù ºþí Ĉù vºĊ~ Èăwí wă¿w Åwí  Ĉù ć¿vĀă üĉ¾ú£ ÿ
 ¿w Åwí ûwĊz ºývĀ£.  ¿w Åwí ÿ4  ûwÕ¾Å Èăwí Ăz ¾¬þù Ăí ºă¹ ÈĉvÀåv v½

Ĉù$ ¹ĀÉ3ÈăÿÂ~ Ĉå¾Õ ¿v )# Ï½vĀÝ ¾z ĈÉ¿½ÿ ¡wþĉ¾ú£ Ĉ¤Ùwæ³ ¡v¾§v Ăz wă
$ ¹½v¹ ā½wÉv Ĉ£w~ĀĊùĀĉ¹½wí,1 ¾Ċ§m£ ĈÅ½¾z wz )#3 ºĉºÉ Ĉzÿwþ£ ¡wþĉ¾ú£ Ă¤æă 

(HIIT)  ¡ºÉ wz3+(30 þĊÊĊz ¢Ý¾Å ć¿Ā¤~Ā~j ćwă Ì·wÉ ćwĄýÁ ûwĊz ¾z Ă
 üĊu£ÿ¾~ ±ĀÖÅ ½¹ Èăwí Ăz ÿ¹ ÛĀý ¢zwĉ¹ Ăz iĒ¤{ù ćwĄÉĀù Ĉ{öé ĂöÒÝ ½¹

ćwă Bax ÿ p53  ½¹ ÈĉvÀåv ÿBCL2  $ ºÉ Ç½vÀñ,2 ¢Åv Ĉõw³ ½¹ üĉv )#
ÈăÿÂ~ ªĉw¤ý ãĒ·¾z Ăí ºþĉj¾å Üĉ¾Æ£ Ăz ā½wÉv wĄÊăÿÂ~ ¿v Ĉ·¾z I½Āí¼ù ćwă
z ½¹ ÈĉvÀåv ÿ ¿Ā¤~Ā~j )ºý½v¹ ĈÉ¿½ÿ ¡wþĉ¾ú£ yéwÞ¤ù ć¿w Åwí ćwĄþĊu£ÿ¾~ ûwĊ

 ½¹,-  ¡ºÉ wz Ĉþĉ¾ú£ Ăùwý¾z Ă¤æă3+(20 VO2max  ¢Ý¾Å wz$..(-/  ¾¤ù
 yĊÉ wz ĂêĊé¹ ½¹,0́ ¿w Åwí ÿ ÷ÿ¾íĀ¤ĊÅ ćwĄýÁ ûwĊz ½¹ ÈĉvÀåv Ăz #(4  ½¹

 ºÉ āºăwÊù ó¾¤þí āÿ¾ñ wz ĂÆĉwêù ½¹ ½w¤Æĉÿ ¾ý Ĉĉv¾´Í ćwĄÉĀù Ĉ{öé ĂöÒÝ
$,3# ) 

 Ĉív½Ā· ÿ Ĉĉÿ½v¹ ¡Ē·vºù ¿v Ĉ·¾z ÔÅĀ£ ¢Åv üîúù ìĊ£Ā¤~Ā~j ćwăºþĉj¾å
$ ¹¾Ċñ ½v¾é ¾Ċ§m£ ¹½Āù4 ûwĄ« ¾Åv¾Å ½¹ v½ Ĉĉÿ½v¹ ã¾Îù üĉ¾¤ÊĊz üĊuåwí )#

 ¹½v¹837 ĈõĀöÅ ï¾ù iwêõv ĈĉwývĀ£ Ăí ¢Åv ć¹¾îöúÝ ºþ¯ Ĉĉÿ½v¹ üĊuåwí )
¾z$ ¹½v¹ v½ ć¿Ā¤~Ā~j āºÉ ćÀĉ½ Ăùwý,.ÈăÿÂ~ ÃwÅv¾z )# ćºăvĀÉ üĊÊĊ~ ćwă

ûÿ¾z ÈĉvÀåv ¦Ýwz üĊuåwí ã¾Îù Ăí ¹½v¹ ¹Ā«ÿĈù ĈýĒÒÝ ½wí ā¹ )¹ĀÉ
 ÿ üĊþîĉ¾¤Åv Iôîõv IüĊtwíĀí IüĊuåwí ¡v¾§v ÀĊý Ĉĉwîĉ¾ùj ûvºþúÊýv¹ ¡wêĊê´£

Ă¤åwĉ ÿ ºý¹¾í ĈÅ½¾z ûv¾ñwþÉ ¹¾îöúÝ ¾z v½ üĉ¾ÆĊöñÿ¾¤Ċýûj ćwă ¹v¹ ûwÊý wă
Ăö·vºù wĄþ£ üĊuåwí Ăí¹¾îöúÝ ÈĉvÀåv y{Å Ăí ¹Āz ćvĈýđĀÕ ćwă ºÉ ¡ºù

8.37ÈăÿÂ~ )Ç¿½ÿ ¾z üĊuåwí ìĊýÁĀñ½v ¡v¾§v Ăí ºý¹v¹ ûwÊý wă ćwă
āw£Āí¢ĊõwÞå ÿ ¡ºù ¿v Ĉîĉ Ă¯¾ñv )¹½v¹ ć¾¤úí ć½wñ¿wÅ đwz ¡ºÉ wz ćwă
ÈăÿÂ~ ûwÊý ¾Ċ·v ć½ÿ¾ù ćwă ¹ÿº³ ½¹ Ăí ¹v¹0+" ÈăÿÂ~ ¿v Ĉ¤{¨ù ¾Ċ§m£ wă
Ă¤Év¹ ºýv8.47Ĉù IüĊuåwí ã¾Îù āv¾úă Ăz đwz ¡ºÉ wz Ĉzÿwþ£ ¡wþĉ¾ú£ ) ºývĀ£

 ºþí ć¾ĊñĀö« Ĉ{öé ćwĄ{ĊÅj ¿ÿ¾z ¿v ÿ ºÉwz Ă¤Év¹ ¡½ yöé ¾z Ĉ¤Úåw´ù ¡v¾§v
8/+7ÈăÿÂ~ Ă¯¾ñv )üĊÊĊ~ ćwă ĂzĈñÂĉÿ ā¹¾¤Æñ Ăþùv¹ Ăz ĈzĀ· ćwă

Ă¤Év¹ ûwÝ»v üĊuåwí ìĉÁĀõĀĉÀĊå Ôĉv¾É wz ĂĄ«vĀù ½¹ üĊuåwí ów³ üĉv wz Iºýv
Ĉù ìĉÁĀõĀ£w~Ăýwñÿ¹ Èêý ÿ ā¹¾í ôúÝ Ă{õÿ¹ ¾ĊÊúÉ ìĉ ºþýwúă ºývĀ£ ćv

Ĉù øă Ăí ôîÉ üĉv Ăz IºÉwz Ă¤Év¹ ¢Úåw´ù ÿ wêz ĈýwÅ½ ÷wĊ~ ćwă¾ĊÆù ºývĀ£
ówÞå v½ ĈõĀöÅ  ºÉwz ĈõĀöÅ ï¾ù ćwă¾ĊÆù āºþþíwêõv øă ÿ ºþí8/, '/-7 )

Ĉñºý¿ Ă·¾¯ ÿ ¹½v¼òz ¾§v Ĉ¤åwz ¹¾îöúÝ ¾z ¢Åv üîúù üĊuåwí(  ĈõĀöÅ ï¾ù
Ĉù ôĉºÞ£ ÀĊý v½ ºþí8/.7 üîúù ćÁwåĀ£v āºþþíwêõv ćwăÿ½v¹ ¾ĉwÅ ÿ üĊuåwí )

 Ĉòþ£ ¾zv¾z ½¹ ¢Úåw´ù ćv¾z v½ ćºĉº« Ĉéÿ¾Ý Ĉ{öé Ĉýwù½¹ ćwă½vÀzv ¢Åv
 ¹º¬ùyĊÅj ÿ Ĉ¤ÅĒ~ĀĉÂýj ¿v Ä~ ºþă¹ ûwÊý yöé ½¹ Ĉéÿ¾Ý ćwă8//7 )
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 ÈĊ~ èĊê´£ Ăz IÐéwþ¤ù Mwăwñ ÿ ¹ÿº´ù ćwă ÈăÿÂ~ ¹Ā«ÿ Ăz Ă«Ā£ wz ÿ½
 ÿ ćv Ă¤æă ¢Êă ć¿vĀă ¡wþĉ¾ú£ Ăz Ĉ{öé ¿Ā¤~Ā~j ćwă üĊu£ÿ¾~ ¶Åw~ ĈÅ½¾z
 )¹¿v¹¾~ Ĉù ½w¤Æĉÿ ¹vÂý ¾ý Ĉĉv¾´Í ćwă ÇĀù ½¹ üĊuåwí ôúîù ã¾Îù 

 

ÈăÿÂ~ Çÿ½ 
 ¡wývĀĊ³ ć½vºĄòý ÿ ĂĊĄ£ 

 āÿ¾ñ wz āv¾úă ûĀù¿j Ä~ ±¾Õ wz Ăí ¹Āz ć¹¾z½wí ÛĀý ¿v ÿ Ĉz¾¬£ ÈăÿÂ~ üĉv
 ÃwÅv ¾z  ĈăwòÊĉwù¿j ¡wývĀĊ³ wz ½wí ĈéĒ·v óĀÍv ÷wú£ ¢ĉwÝ½ wz ÿ ó¾¤þí

āÿ¾ñ½wí ½¹ IĈîþĊÆöă āºăwÞù( wz ûw¤Å¹¾í āwòÊýv¹ ÈăÿÂ~ ½¹ çĒ·v Ă¤Ċúí
 çĒ·v ĂÅwþÉIR.UOK.REC.1401.018 Þ£ vº¤zv )ºÉ ÷w¬ýv ¹vº.- ¡½ ¾Å 

 û¿ÿ ÿ Ă¤æă ¢Êă ĈþÅ üĊòýwĊù wz ½w¤Æĉÿ ¾ý,0ϻ,3,  ½Ā¤Åw~ Ā¤Ċ¤Æýv ¿v ÷¾ñ
ĂýĀúý ø¬³ Ă{Åw´ù ćv¾z Ăí ¢Åv ¾í» ûwĉwÉ )ºÉ ĂĊĄ£ ©¾í  Ăz Ă«Ā£ wz

ĂþĊÊĊ~ûj ĂýĀúý ø¬³ ÿ ĂzwÊù ¡wÞõwÖù ¿v ¹Ā«Āù ćwă ºĉ¹¾ñ ā¹wæ¤Åv wă8/0 '
/17ëw~ ÈăÿÂ~ ÃwÅv ¾z üĊþ°úă )ûv¾Ąù ÿ ¾Ąñ$ wĊý-+-/ Ă{Åw´ù ćv¾z #

 ¿v Ăăv½ ìĉ Äýwĉ½vÿ ÀĊõwýj ć½wùj Çÿ½ Ăz Ă«Ā£ wz èĊê´£ üĉv ½¹ ĂýĀúý ø¬³
 óĀù¾åDFw= Nt- k= k.n- k= k (n- 1)  óĀù¾å üĉv ½¹ JºÉ ā¹wæ¤ÅvNt 
ûwÊýĈý¹Āù¿j ¹vºÞ£ āºþă¹ Iwăk ûwÊýāÿ¾ñ ¹vºÞ£ āºþă¹ ÿ wăn ûwÊý āºþă¹

 ¹Āz āÿ¾ñ ¾ă ½¹ ĂýĀúý ¹vºÞ£8/27 Ăz ć½vºĄòý Ôĉv¾É ÈăÿÂ~ ā½ÿ¹ ÷wú£ ½¹ )
¡½ ć½vºĄòý ĈþÞĉ ¹½vºýw¤Åv ½ĀÕāÿ¾ñ ½¹ wăĂÆæé ½¹ Ĉĉw£½wĄ¯ ćwă ćwă

Ĉö~ûvĀĊ³ ÔĊ´ù ½¹ ¡wþz¾í ¢zĀÕ½ ûvÀĊù wz ¹½vºýw¤Åv Ăýw·0ϻ/0ćwù¹ I 
 ÔĊ´ù-ϻ-- Ĉ¤ýwÅ Ă«½¹ ĈĉwþÉÿ½ Ĉîĉ½w£ Ă·¾¯ I¹v¾ñ,-  üĉ¾¤úí wz IĂ¤ÝwÅ

ĂýĀúý )ºÉ ÷w¬ýv ĂÕĀz¾ù ćv¼á ÿ xj Ăz ¹v¿j ĈÅ¾¤Å¹ ÿ vºÍ ÿ ¾Å üÅ ½¹ wă
Ă¤æă ìĉ ć½vºĄòý ÿ Ĉò¤æă ¢Êă ć½Āýw« ćÁĀõĀĉÀĊå āwòÊĉwù¿j ½¹ ćv

Å ¢Êă āÿ¾ñ ½wĄ¯ Ăz Ĉå¹wÎ£ ½ĀÕ Ăz Iûw¬ý¿ ĈùĒÅv ¹v¿j āwòÊýv¹ ó¾¤þí ć¾
$ND$ üĊuåwí ôúîù I#ND+CAF$ Ĉ¤ùwê¤Åv üĉ¾ú£ I#ND+ET üĉ¾ú£ ÿ #

$ üĊuåwí ôúîù &Ĉ¤ùwê¤ÅvET+CAF)ºýºÉ øĊÆê£ øĊÆê£ # 
 āº´¤ù ¡đwĉv I®ĉ½ºõj wúòĊÅ ¢í¾É ¿v üĊuåwí ôúîù 5üĊuåwí ć½wĉ ôúîù

ôúîù ÿ āºÉ ć½vºĉ¾· Iwîĉ¾ùj¡½ û¿ÿ Ăz Ă«Ā£ wz Ăýv¿ÿ½ ôîÉ Ăz Ĉă¹ ÿ wă
¿ÿ¹ wz ĈöĊù ÈÉ ½¹ Ă¤æă ¢Êă ¡ºù Ăz Iûºz û¿ÿ ¿v ÷¾ñĀöĊí ¾z ÷¾ñ
āÿ¾ñ ºÉ ã¾Îù Ĉív½Ā· Ávÿwñ ¡½ĀÍ Ăz ĂÕĀz¾ù ćwă8,+(,-7) 

 ûv¹¾ñ½vĀý ćÿ½ ûºĉÿ¹ ĂÆö« ªþ~ ĈõvĀ£ wz Ĉþĉ¾ú£ Ăùwý¾z 5āºþĉvÀå Ĉ¤ùwê¤Åv üĉ¾ú£
 ½¹ ¾ÎÝ ¿v ĈĄzwÊù ¡wÝwÅ ½¹ Ĉþĉ¾ú£ ¡wÆö« ÷wú£ ÿ ¹Āz Ă¤æă ¢Êă ½¹
 ćÿ½ ôî£ÿ¾~ üĉv )ºÉ v¾«v ĂÞú« IĂ{þÉ½wĄ¯ IĂ{þÉ ĂÅ IĂ{þÊîĉ IĂ{þÉ ćwă¿ÿ½

 ¿v ûv¹¾ñ½vĀý āwò¤Å¹,0  ¢Ý¾Å wz ¿ÿ½ ½¹ ĂêĊé¹,-  ¾æÍ yĊÉ wz ĂêĊé¹ ½¹ ¾¤ù
 üĉ¾ú£ ¡ºù ¾z ĂêĊé¹ ªþ~ ÷½wĄ¯ Ă¤æă w£ Ĉò¤æă ¡½ĀÍ Ăz ÿ āºÉ Ûÿ¾É Ă«½¹
 ¿v ÿ ºÉ ā¹ÿÀåv ½wz ĂåwÑv ôÍv ÃwÅv ¾z üĉ¾ú£ ¢Ý¾Å ¾z ĂêĊé¹ ¾z ¾¤ù ĂÅ ÿ

 ºÞz Ăz ÷½wĄ¯ Ă¤æă,+  ¢Ý¾Å ÿ ºÉ ĂåwÑv Ă¤æă ¾ă üĉ¾ú£ ûwù¿ Ăz ĂêĊé¹
 ¢zw§-2 ºĉ¹¾ñ Øæ³ ĂêĊé¹ ¾z ¾¤ù vº¤zv ÀĊý üĉ¾ú£ ĂÆö« ¾ă ½¹ ûºĉÿ¹ ¢Ý¾Å )
,+  ĂåwÑv ûj ¢Ý¾Å ¾z ĂêĊé¹ ½¹ ¾¤ù ĂÅ IĂêĊé¹ ÿ¹ ¾ă ÿ ¹Āz ĂêĊé¹ ½¹ ¾¤ù

 ĆêĊé¹ ½¹ ÀĊý ºÞz Ăz ÷½wĄ¯ Ć¤æă ¿v )ºÉ,+ Ăz āwò¤Å¹ ¢Ý¾Å I-2  ½¹ ¾¤ù
 Ăz ¢Ý¾Å I¾·j Ć¤æă ½wĄ¯ ½¹ ÿ ºĊÅ½ ĂêĊé¹-2  )¢åwĉ ÈĉvÀåv ĂêĊé¹ ½¹ ¾¤ù

« ¾ă ûwĉw~ ½¹ ÀĊý Ĉþĉ¾ú£ ĂÆö.  ¢Ý¾Å wz û¹¾í ¹¾Å ĂêĊé¹,+  ĂêĊé¹ ¾z ¾¤ù
 ¡wÚ³Ēù ×w´õ Ăz Ĉîĉ¾¤îõv ëĀÉ ¿v üĉ¾ú£ óĀÕ ½¹ ûwîùv º³ w£ ÿ ºÉ ÷w¬ýv
 ºĉ¹¾ñ ā¹wæ¤Åv Ĉ£ĀÍ ë¾´ù ¿v ûj ćw« Ăz ÿ ºÉ ā¹wæ¤Åv ¾¤úí IĈéĒ·v8/37) 

ĂýĀúý ÿ ²ĉ¾Ê£āÿ¾ñ Ăúă ÿ ºÉ ówúÝRv ôê¤Æù ¾Ċâ¤ù ¿v Ä~ 5ć½v¹¾z Ôĉv¾É ½¹ wă
$ Ăĉw~/3  üĉ¾·j ¿v Ä~ ¢ÝwÅ IĂzwÊù Ēùwí ĈÖĉv¾É wz ÿ #ć½wĉ ôúîù ĂÆö«

¡½ ĈÉĀĄĊz ½¹ )ºýºÉ ÇĀĄĊz ĈÉĀĄĊz ćÿ½v¹ wz ¢·wÅ üĊùw¤í yĊí¾£ ¿v wă
 ûvÀĊù Ăz ìĉÂöz ½ĀÊí20 ĈöĊù üĉ¿Ēĉv¿ ÿ ÷¾ñĀöĊí*÷¾ñ,+ ĈöĊù ÷¾ñĀöĊí*÷¾ñ

ĂÆæé I¡wývĀĊ³ ĈÉĀĄĊz ¿v ûwþĊúÕv ¿v Ä~ )ºÉ ā¹wæ¤Åv Ă¤åwîÉ ûvĀĊ³ ĂþĊÅ ć
åwz ÿ āºÉ ¿v ā¹wæ¤Åv wz ÿ ºÉ āÀĊýÁĀúă Üĉwù ûÁÿ¾¤Ċý ½¹ ÿ ć¿wÅvº« yöé ¢

5ćÿw³$ āºþþí ÀĊõ ¾åwz 500µL, PH=8 Tris-HCL IEDTA 0.003gr I
NaCL 0.08gr ISodium Deoxycholate 0.025gr ISDS 0.01gr I

Protease inhibitor cocktail 1tablet  ÿNP40((1%)10µl#Triton 
üĊu£ÿ¾~ĉ¹¾ñ vº« ¢åwz ćwăûj  )ºĂýĀúý āwñ óºù ÁĀĊæĉ¾¤ýwÅ ½¹ wă

Eppendorph 5415 R Ĉ¤ýwÅ Ă«½¹ ½wĄ¯ ćwù¹ wz ¢Ý¾Å ÿ ¹v¾ñ,-+++  ½ÿ¹
 ¡ºù Ăz ĂêĊé¹ ½¹,+  üĊu£ÿ¾~ ćÿw³ ãwæÉ Ĉĉÿ½ Üĉwù )ºýºÉ ÁĀĊæĉ¾¤ýwÅ ĂêĊé¹
 ½Àĉ¾å ½¹ ÿ ©v¾¸¤Åv-+( Ăòý )ºÉ ć½v¹ 

5¡Ēz û¾¤Åÿ Èĉwù¿j ÷w¬ýv Çÿ½ ĂýĀúý ûºÉ ÀĊõz wă ć¾åwz ËĀÎ¸ù ¡w{Ċí¾£ w
 óºù ÁĀĊæĉ¾¤ýwÅ ½¹ ÿEppendorph 5415 R Ĉ¤ýwÅ Ă«½¹ ½wĄ¯ ćwù¹ ½¹ ¹v¾ñ

 ¢Ý¾Å wz ÿ,-+++  ¡ºù Ăz ĂêĊé¹ ½¹ ½ÿ¹,+  ãwæÉ Üĉwù )ºÉ ÷w¬ýv ĂêĊé¹
(Supernatant)  ½Àĉ¾å ½¹ ÿ āºÉ ©v¾¸¤Åv üĊu£ÿ¾~ ćÿw³-+( Ăòý )ºÉ ć½v¹

å¹¾z Çÿ½ ¿v üĊu£ÿ¾~ ¢Úöá üĊĊÞ£ ćv¾z ½Āý x¼« ½¹ ¡ÿwæ£ ûj ÃwÅv Ăí ¹½Ā
 ©Āù óĀÕ½¹1.+ āwò¤Å¹ ½¹ ºÉ ā¹wæ¤Åv I¢Åv. Ăz ā¹v¹ üĊòýwĊù ìúí ćwă

ā¹v¹ üĊþ°úă ÿ ĂýĀúý ¾ă ¹½Āå ¹¾z ¢Úöá ¹½vºýw¤Åv Ĉþ´þù üĊĉw~ ÿ đwz ćwă
 )ºÉ üĊĊÞ£ ĂýĀúý ¢·wÅ ćv¾z ¾åwz ô úÅ ÿ xj ûj yéwÞ¤ù ÿ üĊu£ÿ¾~

 ĈÕ Ăí ºÉ v¾«v ðþĊ£ĒzĀþúĉv óÁ ÔÅĀ£ āºÉ vº« ĈþĊu£ÿ¾~ ćwăºýwz ûj
¿Āåÿ¾¤îõv (SDS-page) wĉ ¿ĀõĀöÅÿ¾¤Ċý Äþ« ¿v ĈĉwÊá ĂzPVDF   ówê¤ýv

Ăz Ä Å ÿ Ă¤åwĉĈ¤ýj ĂöĊÅÿüĊu£ÿ¾~ ĈÍwÎ¤·v ć¹wz ĈĉwÅwþÉ ûj ćÿ½ ćwă
ĈùüĊu£ÿ¾~ ówê¤ýv Ĉ¤éÿ )¹¹¾ñ¼áwí ²ÖÅ ¾z wă PVDF  Ăz ¼áwí I¢åwĉ ûwĉw~

 ÿ ¢ÝwÅ ìĉ ¡ºù,0 êĊé¹ )ºÉ ìĊÉ ðþĊ£Ēz óĀö´ù wz çw£v ćwù¹ ½¹ Ă
ĂĊõÿv ć¹wz Ĉ¤ýj wz ¼áwí Ä Å Ĉ¤ýj üĊÞù ½vºêù Ăz ðþĊíĒz óĀö´ù wz Ăí ćv

ĂĊõÿv ć¹wz ɓ-actin (sc-47778,1: 300)  ¡ºù Ăz ÿ āºÉ èĊé½ ÿ ÓĀö¸ù,1 
 w£,3 ĂĉĀýw§ ć¹wz Ĉ¤ýj wz ¼áwí ûj ¿v Ä~ ÿ ĂzĀîýv ¢ÝwÅ Anti-Rabbit  wz

$ ¢Úöá,5,+++ć¹wz Ĉ¤ýj ÷wú£ ćv¾z # ÿ ¢ÝwÅ ìĉ ¡ºù Ăz ĂĊõÿv ćwă,0 
 ¿v )ºĉ¹¾ñ ìĊÉ çw£v ćwù¹ ½¹ ĂêĊé¹ ɓ-actin  ¹Āõ ćwÖ· ¡¹¾í ã¾Õ¾z ćv¾z

üĊu£ÿ¾~ û¹¾íĂz wăìăw¯ ½¹ ćÿwÆù ¡½ĀÍ ûwĊz ûvÀĊù ûĀ¯ ºÉ ā¹wæ¤Åv wă
)¢Åv ¢zw§ óĀöÅ ½¹ ûj 

 ćv¾«v Çÿ½Real Time PCRý ĂöĊÅÿ Ăz ¾úĉv¾~ Ĉ³v¾Õ 5ćwă½vÀåv ÷¾ runner 

Gene ÿ BLAST  ¢í¾É Ăz ÿ ÷w¬ýv Copenhagen TAG  ā¹v¹ Ç½wæÅ
Çÿ½ Ăz Ĉzw¸¤ýv ûÁ ûwĊz w£ ºÉ PCR óÿÀĉv¾£ ĂöĊÅÿ Ăz )¹ĀÉ È¬þÅ IĈúí 

GeneX  ©v¾¸¤Åv RNA ĂýĀúý ¿v āwò¤Å¹ ĂöĊÅÿ Ăz ÿ ÷w¬ýv Ĉ¤åwz ćwă
Íw³ ûwþĊúÕv ©v¾¸¤Åv ¢´Í ¿v w£ ºýºÉ ¢Úöá üĊĊÞ£ |v½¹Āýwý)¹ĀÉ ô 

À¤þÅ ¢Ċí ìúí Ăz āwòýj cDNA Ă¤É½ ì£ ćÿ½ ¿v I RNA Ă¤É½ ì£ cDNA 

āwò¤Å¹ ½¹ PCR ĈõvĀ£ ÿ āºÉ À¤þÅ ¢Úöá wz āºÉ ā¹v¹ Ç½wæÅ ¾úĉv¾~ ćwă
 ëĀ¤Åv,++ µl/pmol  ûĀ°úă ¹vĀù ¾ĉwÅ wz ÿ āºÉ èĊé½ Mix Master  I
ĂýĀúý ÿ xj(cDNA)  ćwù¹ ½¹ ÿ yĊí¾£ Annealing  Ăz ćwù¹$ yÅwþù ¢Å¹

½ĀÕ Ăz #|w¤Å ûv½ ¿v āºùj Duplicate   āwò¤Å¹ ĂöĊÅÿ Ăz(Plus One Step 

ABI) PCR Time-Real  ÿ xÿ» Ĉþ´þù ĈÅ½¾z ¿v ºÞz )ºýºÉ Èĉwù¿j
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 ÷w¬ýv óÁ ćÿ½ ¾z ¾úĉv¾~ ¾ă ¢´Í ²Ċ´Í ā¿vºýv wz ĈÍwÎ¤·v ºýwz ôĊîÊ£
¢Ċúí yÅwþù Ăýw¤Åj º³ üĊĊÞ£ wz Ä Å )ºÉ CT é ½¹ øĉw£ ôĉ½ āwò¤Å¹ ¿v yõw

ĂöĊÅÿ Ăz )ºÉ ©½w· ôÆív CT   ûÁ ¿v ôÍw³U6   IÄý¾å½ ûÁ ûvĀþÝ ĂzCT  
 ĂÖzv½ ÃwÅv¾z ĂýĀúý ¾ăȹCT= CT (Target) - CT (Reference)  ówù¾ý
 À¤þÅ ćv¾z ÿ ºÉCDNA  ìĊþî£ * ¢Ċí ¿vSolis Bio Dyne  ôî£ÿ¾~ ÿ

Appendix C (cDNA-synthesis-kit)  āwò¤Å¹ ¿v ¾·j ½¹ ÿ ºĉ¹¾ñ ā¹wæ¤Åv
ABI step one plus  ìĊþî£ * ¢Ċí ¿v ÿAmpliqon SYBR green) 

Appendix D Èþívÿ ¾ă ćv¾z ø¬³ wz #,0  ÿ āºÉ ā¹wæ¤Åv ¾¤Ċõÿ¾îĊùRTC 
)ºÉ v¾«v 

óÿº«, )ûÁ ĈõvĀ£ Mir -499  ÿ ûÁ ĈõvĀ£U6 
Table 1. Mir-499 gene sequence and U6 gene sequence 

 ûÁ ĈõvĀ£ ¾úĉv¾~

Mir -4995 

Mir -499-5p stem: 

GTCGTATCCAGTGCAGGGTCCGA

GGTATTCGCACTGGATACGACAA

ACATC 
Mir -499-5p forward: 

AGCCACGCATTAAGACTTGC 
Reverse universal: 

GTGCAGGGTCCGAGGT 

 ûÁ ĈõvĀ£ ¾úĉv¾~
U65 

U6 F: 

GCAAGGATGACACGCAAATTC 
U6 stem: 

GTCGTATCCAGTGCAGGGTCCGA

GGTATTCGCACTGGATACGACAA

AATATGG 
Reverse universal: 

GTGCAGGGTCCGAGGT 

 
Çÿ½5ć½wùj ćwă  ¹Āz ¹½vºýw¤Åv ãv¾´ýv ÿ üĊòýwĊù ôùwÉ ÈăÿÂ~ RĈæĊÍĀ£ ½wùj

ā¹v¹ ĈÞĊ{Õ Üĉ¿Ā£ ÿÿ¾Ċ~wÉ ûĀù¿j wz wă( ¡ÿwæ£ IüĊþ°úă )ºÉ ĈÅ½¾z ìöĉÿ
āÿ¾ñ üĊzìĉ Äýwĉ½vÿ ôĊö´£ ûĀù¿j wz wă$ Ăå¾ÕANOVA Ĉ{ĊêÞ£ ûĀù¿j ÿ #
÷¾ý ½¹ ĈíĀ£ ½vÀåvGraphPad Prism  ć½v¹wþÞù ²ÖÅ ÿ āºÉ ĈÅ½¾z +0*+ 

 )ºÉ Ă¤å¾ñ ¾Úý ½¹ 

 

Ă¤åwĉwă 

 óÿº« ½¹ Ăăv½ ìĉ Äýwĉ½vÿ ÀĊõwýj ûĀù¿j ªĉw¤ý-  ĈþÞù ¡ÿwæ£ Ăí ¹v¹ ûwÊý-

üĊu£ÿ¾~ ûvÀĊù ½¹ ć½v¹ BAX $++,*+6P I#BCL2 $++,*+6P I#Caspase 

3 $++,*+6P ÿ #miR-499  $++,*+6Pāÿ¾ñ ½¹  # āºăwÊù ÈăÿÂ~ ćwă
Ĉùāÿ¾ñ  ½¹ )¹ĀÉ ûvÀĊù ½¹ ÈăÿÂ~ ¹½Āù ćwăp53 $32./*+6P ôîÉ$ #, #

ĈþÞù ¡ÿwæ£)ºÊý āºăwÊù ć½v¹ 
 

 
 ôîÉ,(   üĊu£ÿ¾~ ûvÀĊùP53 ĈÊĉwù¿j ćwă āÿ¾ñ ½¹ yöé ¢åwz 

Figure 1- P53 protein levels in heart tissue in experimental 

groups 
 wz ó¾¤þí āÿ¾ñ ½v¹Āúý üĉv ½¹ND wz üĊuåwí ôúîù ã¾Îù āÿ¾ñ IND+CAF I
 Ĉ¤ùwê¤Åv üĉ¾ú£ āÿ¾ñND+ET  wz üĊuåwí ôúîù ã¾Îù ÿ Ĉ¤ùwê¤Åv üĉ¾ú£ ÿ

 ½wÎ¤·vET+CAF )¢Åv āºÉ ā¹v¹ ûwÊý 
 

 ć¿Ā¤~Ā~j üĊu£ÿ¾~ ûvÀĊù ¹v¹ ûwÊý ĈíĀ£ Ĉ{ĊêÞ£ ûĀù¿j ªĉw¤ýBAX  ¢åwz ½¹
 āÿ¾ñ yöéND+CAF ĈþÞù ½ĀÕ Ăz āÿ¾ñ ¿v ¾¤ÊĊz ć½v¹ND  ¹Āz$++,*+6P I#

 āÿ¾ñ üĊþ°úăND+ET  āÿ¾ñ Ăz ¢{ÆýND ĈþÞù ¡½ĀÍ Ăz ûvÀĊù üĉv ć½v¹
$ ¹Āz ¾¤úí++,*+6Pāÿ¾ñ üĊz wùv )#ćwă ND   ÿND+ET ĈþÞù ¡ÿwæ£ ć½v¹

$ ºÊý āºăwÊù-+4*+6P ć¿Ā¤~Ā~j üĊu£ÿ¾~ ûvÀĊù Ĉå¾Õ ¿v )#BAX  āÿ¾ñ ½¹
ET+CAF   āÿ¾ñ Ăz ¢{ÆýND+CAF ĈþÞù ¡½ĀÍ Ăzz ¾¤úí ć½v¹ )¹Ā

$+/+*+6P āÿ¾ñ ½¹ ÿ #ND+ET āÿ¾ñ Ăz ¢{Æý ćwăND+CAF  ÿ
ET+CAF ĈþÞù ¡½ĀÍ Ăz$ ¹Āz ¾¤úí ć½v¹++,*+6P ôîÉ )#- ) 

 
 ôîÉ-(   ć¿Ā¤~Ā~j ½Ā¤íwå ûvÀĊùBAX āÿ¾ñ ½¹ yöé ¢åwzĈÊĉwù¿j ćwă 

Figure 2- Levels of the apoptotic factor BAX in heart tissue in 

experimental groups 

 wz ó¾¤þí āÿ¾ñ ½v¹Āúý üĉv ½¹ND wz üĊuåwí ôúîù ã¾Îù āÿ¾ñ IND+CAF I
 Ĉ¤ùwê¤Åv üĉ¾ú£ āÿ¾ñND+ET  wz üĊuåwí ôúîù ã¾Îù ÿ Ĉ¤ùwê¤Åv üĉ¾ú£ ÿ
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 ½wÎ¤·vET+CAF $ %%% )¢Åv āºÉ ā¹v¹ ûwÊý+/.*+6PĈþÞù ÈĉvÀåv # ½v¹
āÿ¾ñ ½¹ ćwăND+CAF  āÿ¾ñ Ăz ¢{ÆýND J### $++,*+6P Èăwí #
ĈþÞù āÿ¾ñ ½¹ ½v¹ND+ET  Ăz ¢{ÆýND J$$$ $++,*+6PĈþÞù Èăwí # ½v¹
 āÿ¾ñ ½¹ET+CAF   āÿ¾ñ Ăz ¢{ÆýND+CAF J@@@ ĈþÞù Èăwí ½¹ ½v¹
 āÿ¾ñND+ET āÿ¾ñ Ăz ¢{Æý ćwăND+CAF  ÿET+CAF) 

 ć¿Ā¤~Ā~jºÑ üĊu£ÿ¾~ ½vºêù Ăí ¹v¹ ûwÊý ĈíĀ£ Ĉ{ĊêÞ£ ûĀù¿j ªĉw¤ýBCL2 
āÿ¾ñ ½¹ Iyöé ¢åwz ND+CAF  āÿ¾ñ Ăz ¢{ÆýND ĈþÞù ¡½ĀÍ Ăz ć½v¹

$ )¹Āz ¾£đwz+/.*+6Pāÿ¾ñ ½¹ ÿ # ET+CAF  āÿ¾ñ Ăz ¢{ÆýND  ¡½ĀÍ Ăz
ĈþÞù$ ¾£đwz ć½v¹++,*+6P āÿ¾ñ ½¹ ÿ #ND+ET  āÿ¾ñ Ăz ¢{ÆýND  Ăz

ĈþÞù ¡½ĀÍ$ )¹Āz ¾£đwz ć½v¹++,*+6PĈþÞù ¡ÿwæ£ )#āÿ¾ñ üĊz ć½v¹ ćwă
ND+CAF  ÿET+CAF ºăwÊù āÿ¾ñ ½¹ ÿ ºÊý āND+ET  Ăz ¢{Æý
āÿ¾ñ ćwăET+CAF  ÿND+CAF ĈþÞù ¡½ĀÍ Ăz )¹Āz ¾£đwz ć½v¹
$++,*+6P ôîÉ )#. ) 

 
 ôîÉ.(   üĊu£ÿ¾~ ûvÀĊùBCL2 āÿ¾ñ ½¹ yöé ¢åwzĈÊĉwù¿j ćwă 

Figure 3- BCL2 protein levels in heart tissue in experimental 

groups 
 wz ó¾¤þí āÿ¾ñ ½v¹Āúý üĉv ½¹ND wz üĊuåwí ôúîù ã¾Îù āÿ¾ñ IND+CAF I
 Ĉ¤ùwê¤Åv üĉ¾ú£ āÿ¾ñND+ET  wz üĊuåwí ôúîù ã¾Îù ÿ Ĉ¤ùwê¤Åv üĉ¾ú£ ÿ

 ½wÎ¤·vET+CAF $ %%% )¢Åv āºÉ ā¹v¹ ûwÊý+/.*+6PĈþÞù ÈĉvÀåv # ½v¹
 āÿ¾ñ ½¹ND+CAF  āÿ¾ñ Ăz ¢{ÆýND J### $++,*+6PĈþÞù ÈĉvÀåv # ½v¹

¹āÿ¾ñ ½ ET+CAF  āÿ¾ñ Ăz ¢{ÆýND J$$$ $++,*+6PĈþÞù ÈĉvÀåv # ½v¹
 āÿ¾ñ ½¹ND+ET  āÿ¾ñ Ăz ¢{ÆýND J@@@ ĈþÞù ÈĉvÀåv āÿ¾ñ ½¹ ½v¹
ND+ET āÿ¾ñ Ăz ¢{Æý ćwăET+CAF  ÿND+CAF) 

 
 ć¿Ā¤~Ā~j üĊu£ÿ¾~ ¾ĉ¹wêù ĈíĀ£ Ĉ{ĊêÞ£ ûĀù¿j ªĉw¤ý ½¹Caspase 3  ¢åwz ½¹

āÿ¾ñ ½¹ yöé ET+CAF  ¢{Æý ĂzND ĈþÞù ¡½ĀÍ Ăz )¹Āz ¾¤úí ć½v¹
$++,*+6P āÿ¾ñ ½¹ üĊþ°úă )#ET+CAF  āÿ¾ñ Ăz ¢{ÆýND+CAF  Ăz

ĈþÞù ¡½ĀÍ$ )¹Āz ¾£ üĊĉw~ ć½v¹010*+6Pāÿ¾ñ üĊz )# ćwăND+ CAF 
$34/*+6P I#ND+ET $,-+*+6P āÿ¾ñ Ăz ¢{Æý #ND  āÿ¾ñ ÿND+CAF 

 āÿ¾ñ Ăz ¢{ÆýND+ET $.4.*+6P āÿ¾ñ ÀĊý ÿ #ET+CAF ý āÿ¾ñ Ăz ¢{Æ
ND+ET $-4/*+6PĈþÞù ¡ÿwæ£ Ĉõÿ ¹Āz ¾¤úí # ôîÉ )¹Ā{ý ½v¹/) 

 
 ôîÉ/(   üĊu£ÿ¾~ ûvÀĊùCaspase 3 āÿ¾ñ ½¹ yöé ¢åwzĈÊĉwù¿j ćwă 

Figure 4- Caspase 3 protein levels in heart tissue in experimental 

groups 
 wz ó¾¤þí āÿ¾ñ ½v¹Āúý üĉv ½¹ND wz üĊuåwí ôúîù ã¾Îù āÿ¾ñ IND+CAF I
 Ĉ¤ùwê¤Åv üĉ¾ú£ āÿ¾ñND+ET  wz üĊuåwí ôúîù ã¾Îù ÿ Ĉ¤ùwê¤Åv üĉ¾ú£ ÿ

 ½wÎ¤·vET+CAF $ %%% )¢Åv āºÉ ā¹v¹ ûwÊý++,*+6PĈþÞù Èăwí # ½v¹
āÿ¾ñ ½¹ āÿ¾ñ ET+CAF  āÿ¾ñ Ăz ¢{ÆýND J### $++,*+6P Èăwí #
ĈþÞù āÿ¾ñ ½¹ ½v¹ET+CAF  āÿ¾ñ Ăz ¢{ÆýND+CAF) 

 

 ôîÉ ½¹ ĈíĀ£ Ĉ{ĊêÞ£ ûĀù¿j ªĉw¤ý0  ûwĊz ûvÀĊù ¹v¹ ûwÊýmiR-499  ¢åwz ½¹
āÿ¾ñ ½¹ yöé ET+CAF āÿ¾ñ Ăz ¢{Æý ćwăND IND+CAF  ÿND+ET 
ĈþÞù ¡½ĀÍ Ăz$ )¹Āz ¾£đwz ć½v¹++,*+6Pāÿ¾ñ ½¹ üĊþ°úă )#ND+ET  ¢{Æý

āÿ¾ñ Ăz ćwăND  ÿND+CAF ĈþÞù ¡½ĀÍ Ăz$  )¹Āz ¾£đwz ć½v¹++,*+6P )#
āÿ¾ñ üĊz ćwăND   ÿND+CAF ĈþÞù ¡ÿwêý$ ºÊý āºăwÊù ć½v¹414*+6P)# 
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