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Abstract

Obesity suppresses muscle mitochondrial biogenesis and the effects of high-intensity
interval training (HIIT) and Q10 in this area should be more investigated. The aim of this
study was to investigate the concomitant effects of HIIT and Q10 supplementation on two
indices of mitochondrial biogenesis in obese male rats’ skeletal muscles. To do so, 48
male rats [age: 16 weeks, obese weight: 272 to 372 gr (308.8 + 22.36 gr); normal weight:
140 to 197 gr (158.61122.21 gr)] were randomized into six groups including normal
weight, obese reference, obese control, obese HIIT, obese Q10 and obese HIIT+Q10
groups. Obesity was induced by a high-fat diet. Q10 supplementation 500 mg/kg.bw.day
and HIIT (10 activity bouts for 4 min at 85-90% of v VO2 peak with 2 min rest intervals)
were done for 12 weeks. Western blot and spectrophotometer methods were used to
quantify the variables, and the data were analyzed using one-way ANOVA. A lower soleus
PGC-1a content was observed in obese reference (P=0.001) and obese control (P=0.003)
groups compared to the normal weight group with higher citrate synthase (CS) activity
(P=0.039 and P=0.031, respectively). HIIT (P=0.001), Q10 (P=0.001) and HIIT+Q10
(P=0.001) elevated PGC-1a expression to levels even higher than that in the normal
weight group, indicating that the effect of HIIT was greater than Q10 (P=0.017). None of
the interventions changed CS activity (P>0.05). It can be concluded that obesity
suppresses muscle mitochondrial biogenesis, and HIIT efficiently compensates this
condition and even elevates muscle mitochondrial biogenesis compared to normal weight
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rats. The Q10 supplementation has beneficial effects but weaker effects than HIIT.
However, due to lack of evidence and limitations, there is still a need for investigation.
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Extended Abstract
Background and Purpose

Obesity exerts a negative influence on skeletal muscle through various pathways,
and alterations in muscular mitochondrial function and content (biogenesis) have
integral roles in metabolic health (1). The mitochondrial biogenesis, on the other
hand, is controlled by PGC-1a, while citrate synthase (CS) activity, an index of
mitochondrial content, can also be involved which is reduced in obese skeletal
muscle (2).

However, high-intensity interval training (HIIT) elicits beneficial metabolic
adaptations in skeletal muscle and increases mitochondrial biogenesis (3) via an
elevation in the number and function of mitochondria (4), especially in the setting
of obesity.

Additionally, an association of physical activity with antioxidants might be a more
effective strategy. Coenzyme Q10 (CoQ10) in this scenario which is poorly
absorbed and accumulated in the mitochondria represents a valuable candidate for
supporting muscle functionality. However, very little is known about the
combined effects of HIIT and Q10, investigated in this study to evaluate two
indices of mitochondrial biogenesis, PGC-1a and CS, in obese male rats.

Methods

In the current study, 48 male rats were randomized into six groups including
normal weight, obese reference, obese control, obese HIIT, obese Q10 and obese
HIIT+Q10 (combined) groups.

Obesity was induced by a high-fat emulsion diet which derived 77% of its energy
from fat, 14% from total milk powder and 9% from carbohydrates. In this
emulsion, proteins were provided by total milk powder, carbohydrates by
saccharose and fat by corn oil. Each diet was supplemented with a vitamin and
mineral mixture. This emulsion was stored at 4 °C, heated in a 42 °C water bath
and fully mixed before use.

The HIIT protocol was done for 12 weeks, each session consisted of bouts of 4
min at 85— 90% of VO2 peak intermitted by 2-min active recovery at 50-60% of
VO2 peak. The running speed at VO2max, determined by the test protocol was
used to calculate exercise intensity during training sessions.
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Table 1- Composition of the High-Fat Emulsion Diet Ingested Via Gavage

Content (g) Component
400 Corn Qil
150 Sachcarose
80 Total milk Powder
100 Cholesterol
100 Sodium deoxycholate
36.4 Tween 80
31.1 Vitamin mixture
2.5 Propylene glycol
10 Cooking salt
15 Mineral mixture
300 ml Distilled water

The CoQ10 supplemented groups received an oral administration of CoQ10 at
doses of 500 mg kg™ of body weight per day dissolved in sunflower oil for 12
weeks. The control groups received an oral administration of sunflower oil for the
same duration.

Western blotting in soleus muscles using commercially available antibodies was
performed as previously reported.

Muscle samples from soleus muscle were homogenized with RIPA buffer that
contained a protease inhibitor cocktail (Sigma-Aldrich) and phosphatase
inhibitors (NaF and Na3VO4). Protein concentration was measured by using a
bicinchoninic acid protein quantification kit. Equal amounts of protein were
loaded for electrophoresis (Bio-Rad, Hercules, CA, USA). Proteins were
transferred to PVDF membranes (Bio-Rad) and incubated with the primary
antibody of PGC-la, followed by an anti-mouse fluorescence-conjugated
secondary antibody. Signals were detected by using a Western blot detection
reagent (5).

The CS activity was determined by spectrophotometry methods in soleus muscle
tissue. The fluorescent absorbance was measured at 412 nm. The slope of CS
absorbance change was calculated using an extinction coefficient of 13.6 mM™
cmt and normalized to the corresponding protein content.

Data were analyzed by one-way ANOVA and Tukey post-hoc test. P<0.05
was considered significant. All data were reported as mean £ SD.

Results

A lower soleus PGC-1a content was observed in obese reference (P=0.001) and
obese control (P=0.003) groups compared to the normal weight group with higher
CS activity (P=0.039 and P=0.031, respectively). HIIT (P=0.001), Q10 (P=0.001)
and HIIT+Q10 (P=0.001) elevated PGC-1a expression to levels even higher than
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that in the normal weight group, indicating that the effect of HIIT was greater than
Q10 (P=0.017). None of the interventions changed CS activity (P>0.05).

Table 2. Description of the Variables
(X £SD) N Group variable

1.0 £0.027 8 Normal Weight
0.91 £0.08 8 Obese Reference
131012 &  ommou ~ PeClaBAdn
1.39+0.14 8 Obese HIIT (Fold Change)
174 + 0.15 8 Obese Q1(_)+HIIT
Concomitatnt
78.37+£9.72 8 Normal Weight
05.37 +12.22 8 Obese Reference
95.87+11.49 8  Obese Control Cytrate Synthase
91.87 +10.57 8 Obese Q10 Activity
94,25+ 11.31 8 Obese HIIT (Mmol/min.mg protein)
8

Obese Q10+HIT

93.25+10.47 Concomitatnt
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Fig 1- Soleus muscle PGC-1a Protein Expression following 12 Weeks of HIIT+Q10
supplementation. NW: Normal Weight Group; OR: Obese-Reference Group; OC:
Obese-Control Group; OQ10: Obese-Q10 group; OHIIT: Obese-HIIT Group; O
combined: Obese-HIIT-Q10 Group. Values are Given as Means + S.D. of 8 Rats in
Each Group. =, T, I and ¥ P< 0.05 Respectively Compared with NW, OR, OC and
0Q10 Groups Based on Games-Howell Post-Hoc Multiple Comparisons.
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Fig 2- Soleus Muscle CS Activity Following 12 Weeks of HIIT+Q10
Supplementation. NW: Normal Weight Group; OR: Obese-Reference Group; OC:
Obese-Control Group; OQ10: Obese-Q10 Group; OHIIT: Obese-HIIT Group;
OConcomitant: Obese-HIIT-Q10 Group. Values are Given as Means + S.D. of 8

Rats in Each Group. « P<0.05 Compared with NW Based on Tukey Post-Hoc
Comparison.

Conclusion

It can be concluded that obesity suppresses muscle mitochondrial biogenesis, and
HIIT efficiently compensates this condition and even elevates muscle
mitochondrial biogenesis compared to normal weight rats.

Exercise stimulates an increase in total mitochondrial protein, including enzymes
involved in p-oxidation, the TCA cycle and the electron transport system.
However, HIT was primarily attributed to improvements in skeletal muscle
respiratory capacity. Given this information, it is apparent that the predominant
change is the improved ability to oxidize fat as a substrate, indicated from an
increased CS activity, skeletal muscle, mitochondrial content and increased PGC-
la protein expression. However, specific improvements along the electron
transport system vary and appear to be dependent on the intensity of exercise
training (6), which should be more investigated in future studies.

The Q10 supplementation has beneficial effects but weaker effects than HIIT. The
CoQ10 is a lipophilic metabolite that can support mitochondrial bioenergetics
through its role as an electron carrier (5) but is now more commonly recognized
for its antioxidant properties. However, in the ongoing study, the involved
molecular signaling mechanisms from Q10 supplementation and/or HII'T were not
determined in detail, and certainly further studies are needed.
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Article Message

Obesity reduces the mitochondrial biogenesis of skeletal muscle, and instead,
HIIT training and Q10 supplementation compensate well for this effect of obesity,
which HIIT training effect is more pronounced.

Keywords: HIIT, Q10, Obesity, Soleus Muscle, Mitochondrial Biogenesis

References

1.

Nirwane A, Majumdar A. Understanding mitochondrial biogenesis through energy
sensing pathways and its translation in cardio-metabolic health. Archives of
physiology and biochemistry. 2018;124(3):194-206.

Alhindi Y, Vaanholt LM, Al-Tarrah M, Gray SR, Speakman JR, Hambly C, et al.
Low citrate synthase activity is associated with glucose intolerance and lipotoxicity.
Journal of nutrition and metabolism. 2019;2019.

Ebadi B, Damirchi A, Alamdari KA, Darbandi-Azar A, Naderi N. Cardiomyocyte
mitochondrial dynamics in health and disease and the role of exercise training: A brief
review. Research in Cardiovascular Medicine. 2018;7(3):107.

Bishop D, Botella J, Genders A, Lee M, Saner N, Kuang J, et al. High-Intensity
Exercise and Mitochondrial Biogenesis: Current Controversies and Future Research
Directions. Physiology (Bethesda, Md). 2019;34(1):56.

Pham T, MacRae CL, Broome SC, D'souza RF, Narang R, Wang HW, et al. MitoQ
and CoQ10 supplementation mildly suppresses skeletal muscle mitochondrial
hydrogen peroxide levels without impacting mitochondrial function in middle-aged
men. European Journal of Applied Physiology. 2020.

Lundby C, Jacobs RA. Adaptations of skeletal muscle mitochondria to exercise
training. Experimental physiology. 2016;101(1):17-22.


https://www.tandfonline.com/doi/abs/10.1080/13813455.2017.1391847
https://www.tandfonline.com/doi/abs/10.1080/13813455.2017.1391847
https://www.tandfonline.com/doi/abs/10.1080/13813455.2017.1391847
https://www.hindawi.com/journals/jnme/2019/8594825/abs/
https://www.hindawi.com/journals/jnme/2019/8594825/abs/
https://www.hindawi.com/journals/jnme/2019/8594825/abs/
http://www.rcvmonline.com/article.asp?issn=2251-9572;year=2018;volume=7;issue=3;spage=107;epage=115;aulast=Ebadi
http://www.rcvmonline.com/article.asp?issn=2251-9572;year=2018;volume=7;issue=3;spage=107;epage=115;aulast=Ebadi
http://www.rcvmonline.com/article.asp?issn=2251-9572;year=2018;volume=7;issue=3;spage=107;epage=115;aulast=Ebadi
https://journals.physiology.org/doi/abs/10.1152/physiol.00038.2018
https://journals.physiology.org/doi/abs/10.1152/physiol.00038.2018
https://journals.physiology.org/doi/abs/10.1152/physiol.00038.2018
https://link.springer.com/content/pdf/10.1007/s00421-020-04396-4.pdf
https://link.springer.com/content/pdf/10.1007/s00421-020-04396-4.pdf
https://link.springer.com/content/pdf/10.1007/s00421-020-04396-4.pdf
https://link.springer.com/content/pdf/10.1007/s00421-020-04396-4.pdf
https://physoc.onlinelibrary.wiley.com/doi/abs/10.1113/EP085319@10.1111/(ISSN)1469-445X.StressSkeletalmuscle
https://physoc.onlinelibrary.wiley.com/doi/abs/10.1113/EP085319@10.1111/(ISSN)1469-445X.StressSkeletalmuscle

W-IYF o 1Fee luslbc B0 o5l (VY 0590 337 Sigles 3

b3y Al
PGC- (g gt slgixo 39 Q10 GBS JoSo g by @i b 39l o 03 il
G # (20 S ige M s 30 Jhiw O g o T Clled g 100
F 9339 owo T Mo i1 4d ("6 i s ¢! ixd y 3 grumo

Ol s oodsl S5 oLl 5 5 g o b9 pole 09,5 (59 (S3g i (5SS (sgmidls )
b ) Ol pl 2 ool bl oStils 5 0l (B39 pole 05,5 ((oByg il SLedls Y
(g
Ol 52505 (gDl ST olStsls 535 alg o 5555 pole 09,5 ¢ 52559 (S35 508 Sloben] ¥
(o)) (s plal (Hollo olRails o seloizl pole BaSiils (23559 pole 09,5 ¢ 22559 (Siglsind Jlstinl ¥
Olnlecnss®

YRR/ AIYE 5y )b VRA/-B/ Yo bl po & )6

odS>

gd gy Sl 32 QL0 g HIT 15b ol p3¥ 5 i o0 chni 1) Wil ()0 o 3i3gm Sl
ilas ;o ;0 g g aLd 93 » QL0 JuSo g HIT o poi plg5 Sl gy pilo (idgly Sun
YYIYE) 05 VY B YVY Gl sloog S 550)] st 1% 5 ol youo g FA olasi 091 3l 5 slobgo ol
(oo (339 Jold 09,5 i a1 [(p )5 WOAISEYYIYY) 0,512V B 4P+ Jgoraiyjg 09,5 (339 (0,5 YoAA £
S pan b W0z w235 b (Sly Wi pand ol 3lz 9 Q10 gla HIT la (S8 3lz 20 Glz
V sy Qe b AD oo b glaids ez cullsd alag Vo) HIIT oy 005 9 &0+ MG/KG.bW oo 4 Q10 &l
5 Rogidy yiSepul 9 Bk (y yuwg (09 4 b e o plonil i 1Y Citedy (G ol alids 90 1 VO2 peak
Sladle (J S g g2 p0 Bla ey S 50 Wiah duglio aaly S (Wbl Julod b osls g Wiy (g pSe Il
w31 clled g (P =0.003 3P =0.001 o yias) 291 Jgoa (339 035 3| oS Sloi dire PGC-1at ooy
5 (P =0.001) Q10 (P = 0.001) HIIT (P = 0.031 P = 0.039 o i) 391 yiics (CS) jliias <l yipus
51 o HIT 51 Bl ol 51 45 030 3 31,8 35 Jgomo 339 09,5 51 1y PGC-1a yladie (P = 0.001) g 31
a5 0,5 ylgie olgi o0 (P > 0.05)mislai pusi 1) CS cudlzd wMSIuo 31 Sogd Lol (P = 0.017) 549 Q10

S 9 Camdy ol (e G (b Heba HITT g WS o s 1) aliae (5,055 gl 39 Sl

1. rafatimasoud100@yahoo.com
2. bashirijabbar@iaut.ac.ir

3. poozesh@iaut.ac.ir

4. pourrazi@soc.ikiu.ac.ir



VFeo Ll B o Lol VY 0590 (039 (559090 jud NA

3 Fins Lol asio 11 hlo 565 QL0 JoSo 3930 (Jgamo (339 s go b dmlio )3 o S|
gus plxil (g i (LB oy 9 Sl p3Y By dguo § dBlgls dgueS Judods (Jloop Il tcawl HITT

LGS g 3 igm ¢ o Alds ( Blr Q10 wyuid sbd oy i S GoS 319

4A0dio

0 5o Sealisls )3 P! (f g Sl (5900 Dl (sl o jaiS e 8 Shos g Iine Lad>
Ll 50 Slie s05 chlie (slasla o2 shwdin; Wi o (lae slas ;08 5o Fism 5
G reS) (@b e e b a5 wboo SRl (oialuST Eud)l g b a8 e slaas (Sl
aule Sosglgtann lagts; obj dna g ley 4 5L (1) )1 ook bl (ol joiS g 4SS
00 s (IS e Hiigm (3233 (6 pS 0l slaby, (lgieds Camjld Sy Sna s TEM
Slgime =) 5l wlojle a5 Wl 00y )5 4 oy, Sl 6 g 41ldS Glaiagl 5o Sl
5 (ETS) (3980l Jl 850055 C g S sk Jud 5) (5598 570 0lS slomazil 5 boetio
5 —F g (6l DNA 4y (g 505 5500 DNA Crn =¥ < pmnals0,15 (lgiomo =Y o(jliies ATP
S Aoy (ol 58 1838 hn Sl5ione 65503l uina (sl s, Olieds gon T Cllad
oS Zuwl (Joko (s5lge Colil SShles a5 (V) ol (g 0 500 58 (CS) b &l s el
Joas I PGC-10" sy e g 50,1 0Ll (6,008 s camlin 8 Shas g lgious 4
et g T lpaS e 30,55k 5 b o Slas pmglyy Sulld () Sus o LB
P mea )0 oulS Jole Sy lyiedr (ol T gie 5 Slanes o) Gl (0,5 Saalen
(V) Conloads bl (3559 a0 gewly 5o 05a0% 5 (5,98 ge

Figm 9 35ee g Bigdi o (con (ol SOS o S 28 o Dglitte (SB559 Dl a5 Iy
22 00333 31 (BB Sl o gy 5l 55k 50 (F) ALS o Sy |y (Dae (slas a8 st
Sld (o aiS gie g pela (Lol Jole (lyieas PGC-10 (1059 0 jlade (raizen s MRNA
LS sie Siem slp )bzl 232 S PGC-la s lainghy (& 0 (Jy «(B) Cawl onls
loemsn 5 ey ple 2 (29 5l (A6 Olrets (2bj)l Geigred (F) Sl 039 (355 51 (55U

1. Transmission Electron Microscopy
2. Peroxisome Proliferator-Activated Receptor Gamma Coactivator 1-Alpha (PGC-1a)
3. Mitochondrial Turnover



N4 e 23 JoS0 g (HUT)YU o b (9L o yoi il iad
L35S (NFATY) s T sl sl slatws 556 (TFEB)' EB cwugis, Jole P53 Jolis
PGC- Lol oY) Cewl 00iS SS (Tfam)'T A b ,0sS gie 1855 Jale g (NRF-1)T glatun  wbis
F&9r2y ol owyp &S &S (6, |, Tfam § P53 NRF-2 g NRF-1 sl oyl Silgs o la

Pt 2 Ghhag G BALS gy Slahagk 58 sl S dyce S 4 alalty 005
oz 5l (2l a5 5e 59 b i o sla el plo Jlade PGC-la jlade pogdle ¢ ol oS gins
39 ol 35 (SMde jliw Sl collad

Lndly a5l (Sl (9955 (g waled (M) Julosil b laslllae Bubo 457355 0 )LaT wul odleay
oS’ (Glyplay s3laled b 5l (6,085 gine H59m oalaid &gl (slaolng; (sl (239 D
PGC- g slgione ial33l g () udsh pow Jio) o dlitls 5 (P38 MAPK? s AMPK® 15 51)
Sy Gyt S owy g Wb 592 S5 g0 slaiosh Sl slasd 4y ax gy b Jg wilaiis (o la
©ad (50900L 5 JoJos HIT 050 505 50 (g S0 S5 0 cnlplis s09d plowl 02l a0l
HIIT Vgl el (5596 SlS () 3l o3 (sl Jymnn (532575 Sz o3 o b dumalin 15 0 505
ouiyl3 (3ip9 09e3l 5o eadigliiws ol ST Sl sy VO I iy agls Sy el Glsiea;
@ Loy @l ;0 (o5 0y s ol upmi 8150 Gy 09 (Jy el 0sls iy (GXT)
Sl ped L 8,00 S92 g0 (slaatdly (rrizmes el 0ad (5 uiS gie Figm p HIT (lacn o5
(F) Wil adles g Suil dlac 5,08 5w 35590 » HIT

b o Sloaianj g Cond aly (g3b) Sl (5 1513 (cosl S plgieds (Sl 0594l
e sl ,uS e Figm Sl ;0 ol p (G 0o 2929 ualed .l ond lags e
Sl Bl 5 zemlal il sL3l 53 SbyaSyie Hen slaasls 5 3pF o )15 bess
5V TNF-0 o3l oBaign j0 a8 o ools liad ciagh 40 () +) anb oo (ialS gad] Coogli
Spse e slacdly )3 bS5 Figm 5 9, Slee (EalS e eNOSY Ly 205 551
ol ot Sl (e (6505 gt 3 Sdes (olu)b oS wd (6 S Az Ko (chagh 53 (V)
5,050 (6 ks Sledbl gg0m0 )0 Lol d(VY) 09 sl o2 10 w5, Bpan  LBL SMae LiollS]

1. Transcription Factor eb

2. Nuclear Factor of Activated t Cells

3. Nuclear Respiratory Factor

4. Mitochondrial Transcription Factor a
5. AMP-Activated Protein Kinase

6. P38 Mitogen-Activated Protein Kinases
7. Endothelial Nitric Oxide Synthase



VFeo Ll B o Lol VY 0590 (%039 (559090 jud \Ye

G55y S 53 Sl s o s 53 (e S e i 2 7 2 e o
@ Gge GRIBl 2 1) (as 6,95 500 lyze GRalidl 0529 b iz w2y &5 05 5,18
P en iy Srae 3l (AU 605 5e Figm Songe Balive 45 098 0 ymie (gl Cuoglia
DNA 5255 0599 (Dhae olysSsne 3550 Gl s «OT) col came (5050 o
039 oL olyen bawgie ad b (G (nped S50 Jl e Bl (o e 9 (65 50 (koS s
OF) el 0 0l (b, S sie sl 5T collad Ll 51 bl

M g e (g 308 200 515 (GLEE 1o g, JED) 802055 4 039,550 ol S5 Q10 g 35158
il 1o 1) l,aiSsie 35 sl ol QL0 LaSe G yan sind oo Lt 35790 Sl aiz o
il s g ke ial33l s QL0 5 Sigre) sl pls 8o Lol al 45 s il Cilises
oS el sai ol WS | gy Dhiae o)l sl sialidl s dlas b sk &is PGC-1a
Gl o 15500 QL0 JoSo e (eizmads 10) 3118 52 53 5 1y (5955 gine 50 I3
095 SIglie pyaie 4 Mo slahes 5 (sl Gy S Glaghee )3 2k )aS e Fiem
oS Brae Sdglie hlew 9 Bl S 0 Wt &5 WSS (oo grkae 1) 5SS (nl 9890 (0l (VF)
S 4 ol L b Sl sloncs Lo ol (2,158 31 (6 5loms (5 b oy o wils; Q10
39 Oigred gl (s )0 diee (pl 58 (Sl Hls woled Jg il 0uiS SeS o s )08 e
alizee lacunes SMlae 6,055 5 Figm 2 QL0 JoSo Sl o) 2 4 gy po 2135 (gla gy
005 By QL0 Jaa 31 Sy yrolin Ygomo gmae e slo sl g Gl oo 5 (oo
(21 30 Jslme ply 3o 2z 5 Jolme) 58 JoSo 58 (2 5 (23S0 8,50 Do (yrizman 5 Col
Sl azils gl

2 hae 5,05 e s 2 HINT (505 9 Q10 JoSie B e alas 518,050 (556 ogdleay
ool 03Y e ol 55 lizman g ol st a5l goly; SleMb] LI5é w3, 5l 2 Bl Lyl
g plil (0,25 9,509, b (Sl slagtagy

Celgebe Jlal b g Cdpin g 05 <8y 4 5l Jdoay HIT Sl jad 059 pal aSCol &y s
@by g Bism dgnte 50 QL0 JoSto Sl 4y a2 95 L (rizmon 5 wilazlge dnalar )3 (5 i
5 Q10 oS plg5 Gpan g HIT Sl o pil oy a0 o onl 5o wilisee slacdl o
G ool @ls a5 89, 00 lasil.casload axlo y Wb 5 slahge (SMae b0 g S0
b basse slaolosl 2 QL0 5 e plss il & by e (il slaglas LIS (b s wls
Ak 0uuS SS 5l ol 3l o SHlac sles, S gw



" e 23 JoS0 g (HUT)YU o b (9L o yoi il iad

SR H N9)

YVY Gl sloog S (o] slaxin V7 jlians o155 5 alme (hge o FA (025 gl cnl o
VOME £ YYIVY) 2,8 VAY B VFe Jooxacyig 09,5 59 «(p,5 YoAA £ YY/YE) 0 5 YVY U
QIO 3l HIIT Gl (IS 3l oo Gl < dymne 553 ol abicuts o8 25 & [(o 5
s (33 03 y3l0pll b ol ja2 Q10 JoSoo 5l ool Jl> (o 5l slo ige Joli) 'oly Sl
a ol3] s b B e 00 glio Jige pwdw m595 b Giegh Doy Slilgs des aial
L 5 eSS bl ps wiald (6,laeS ol 5 ol &> 0 YY 2 Y soga0me o ae sbeo
S aS) (NIH)  aBilel @l 5l colas il sloaog wlwly Sblgs
28,8 pll 1,5 axly oMl ol3T olE23ls s (IR.JAU.TABRIZ.REC.1397.013

€95 5| I8 5 99—l Jols al> 5o slaz )0 VO2peaK 0 51 (slpr (o555 Zedyb (9051 ot
233l5 &2 55 po8 Az (2 1=0 g g ole £9,5 —g g oo 5,3 -0 (Ul ole) Sy o3
G g ARBS 50 pe Vt Zeepus b g ABBS V¢ Syl ol hge 58 jslaiecnay ol el
e ol o a5 ab T (3550 Bunlid gail e 355 Sy |y 03)5p)T Al pe az e )¢
«SHe) w285, Codlad dalol a4y o8 lioro Joge a5 gloj U ecdly ioli8l (aads jo 1w
VoS plgieay (SWibely 4 Gy Sy (32 0105158 5 oS b Sed g5, o3l L 4w
5 dede iy g aan VY Soeds Gipgh opl jo ad ) S HIT JSGg, (VF)ol oo V02 peak
slaado Jloo cudled dag Vo Jolds ands 12 a5 0l 1>l (4,0 YO ) )15 )led (gq, atan
Foooud b glaadogs Jd ool il gleoygs b g v VO2 peak aws,o A B AL Jolee uis b
leasl g lal jo 150,50 ps 4 8o iy 9 (9,5 p,5 4ado V¢ piren 0V VO2 peak wo,0 b0 b
053] S5 5l alg 0 50 (g0 S s 058 1S3 Cl @Y (V) 0 Lzl (et Al e
R &».b.».: o)la‘jé Qo> VOZpeak )L.\.m o> 3 O G olo 9 P9 LngoLo Lg“‘\“"‘ ) Gw))j g,u_‘B).'a
3 e YO &l gl o adBs o 2o VY sl adslae Job j0 g0 Gy Egesme,0
BN (55555 (o8 A e S5 09,5 pl e Sl i ey andz ()3T o dids
(siyz w0 VY Jelss u.;‘..\.c lge 3 P slaas o BUNL G SR U PN B ¥ P PV E
2% 5 She> Oigon Geedael Srae g Shusg S w0 g Bl 518 og wo 3 N F
Sbae x> 51 7S 09,5 (sl o ol 595 55 (o 39 5 9kS 8 p S e V0 BT L



VFeo lauali B o)lods Y 0,90 (0359 559092 78 \YY

She? Srane @l 02 n Oyl cuS 5 - Jgu
Table 1- The Composition of the High-fat Emulsion Diet Ingested Via Gavage
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1. Cryoprotection
2. Lysis Buffer
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1. Shapiro-Wilk Test
2. Tukey Post-Hoc Test
3. Games-Howell Post-Hoc Test
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Table 2- Description of the Variables

X +SD) N Group o4,5 variable _asli
1.0 +£0.027 8 Normal Weight Jsexs 55
Obese Refference 3>
0.91+0.08 8 S L 4 PGCla oLy o
083+008 8 Obese Control s sl s
Obese Q10 Q10 ;b :
123+012 8 = PGC1a/B Actin
1.39 + 0.14 8 Obese HIIT ~ HIT s> (Fold Change)
+ ..
e 8 Obese Q10 H_IIT)fly Gl
Concomitatnt
7837972 8 Normal Weight Jsess o35 e e s
05.37 + 12.22 8 Obese Refference x>, ;> ’ ] U’M )
9587+11.49 8 Obese Control J:s st 7 2 e
91.87£1057 8 Obese Q10 Q10 = C(M”’Sf; “;:M
i ytrate Synthase
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90305+ 1047 8 Obese QLO0+HIT)elys 31> (umol/min.mg protein)
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Fig 1- Soleus Muscle PGC-1a Protein Expression Following 6 Weeks of HIIT and
Q10 Supplemenataion. NW: Normal Weight Group; OR: Obese-Refference group;
OC: Obese-Control Group; OQ10: Obese-Q10 Group; OHIIT: Obese-HIIT
Group; OConcomitant: Obese-HIIT-Q10 Group. Values are Given as Means + S.D.
of 8 rats in Each Group. «, T,  and ¥ P< 0.05 Respectively Compared with NW,
OR, OC and OQ10 Groups Based on Games-Howell Post Hoc Multiple
Comparisons.
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Fig 1- Soleus Muscle Cytrate Synthase Activity Following 6 Weeks of HIIT and
Q10 Supplemenataion. NW: Normal Weight Group; OR: Obese-Refference Group;
OC: Obese-Control Group; OQ10: Obese-Q10 Group; OHIIT: Obese-HIIT
Group; OConcomitant: Obese-HIIT-Q10 Group. Values are Given as Means + S.D.
of 8 Rats in Each Group. * P < 0.05 Compared with NW Based on Tukey Post Hoc
Comparison.
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