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Abstract

Nutritional and exercise training interventions are key strategies for combating and treating obesity.
This study aimed to investigate the effects of High-Intensity Interval Training (HIIT) and Alternate
Day Fasting (ADF) on the protein levels related to the browning of visceral adipose tissue in rats fed
a high-fat and high-carbohydrate diet (HFD+HC). This experimental research employed a post-test
design with a control group. Forty male Sprague-Dawley rats were randomly assigned tofive groups
of eight: 1) Normal Diet (ND), 2) HFD+HC, 3) HFD+HC+HIIT, 4) HFD+HC+ADF, and 5)
HFD+HC+HIIT+ADF. The HIT group underwent five sessions per week, each consisting of seven
four-minute intervals at 85-90% of their maximum speed (Smax), with two-minute rest intervals at
50% Smax. Alternate Day Fasting (ADF) was implemented every other day. Protein levels of PGC-
la and UCP-1 in adipose tissue was evaluated using Western blot analysis. Data analysis was
performed using independent t-tests, ANOVA, and the Tukey post hoc test. The HFD+HC group
showed a significant increase in body weight. Protein levels of PGC-1a and UCP-1 significantly
decreased in the HFD+HC group (p<0.05). In the HIT, ADF, and HIIT+ADF groups, a significant
weight loss was observed. In the HIIT and HIIT+ADF groups, PGC-1a levels significantly increased
(p<0.05). However, no significant differences were observed in UCP-1 levels across the intervention
groups (p>0.05). In summary, HFD+HC leads to weight gain. Conversely, HIIT, ADF, and especially
the combination of HIIT+ADF, not only reduce weight but also increase PGC-1a protein levels, likely
linked to mitochondrial biogenesis and enhanced lipolysis.
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Abstract

Background and Purpose

The epidemic of overweight and obesity in both developing and developed countries is staggering in
its scope and impact on public health (1). A sedentary lifestyle, coupled with the consumption of
high-calorie foods—particularly those rich in fats and carbohydrates—has played a significant role
in the sharp rise in obesity prevalence. This condition is linked to an elevated risk of various metabolic
diseases, including type 2 diabetes, cardiovascular diseases, cognitive disorders, certain cancers, and
consequently, higher mortality (2). In general, obesity is characterized by an excessive accumulation
of adipose tissue in various parts of the body. However, fat accumulation, particularly in visceral
areas, is more closely associated with adverse metabolic and cardiovascular outcomes (3).
Histologically, humans have two types of adipose tissue: white adipose tissue (WAT) and brown
adipose tissue (BAT). WAT primarily functions as an energy-storing tissue, while BAT acts as an
energy-consuming tissue. As a result, enhancing BAT function and promoting the "browning" of
WAT have become strategies to increase energy expenditure and prevent weight gain (4). In this
context, PGC-1a expression in white adipocytes has been shown to upregulate the expression of
several mitochondrial and thermogenic genes, including UCP-1. As a result, it is widely accepted that
PGC-1a is crucial for the differentiation of brown adipocytes and for the expression of the UCP-1
gene (5).

One factor that contributes to the conversion of WAT phenotypes to brown or beige adipose tissue is
exercise. In addition to exercise, calorie restriction is another effective preventive and therapeutic
strategy for reducing fat stores. Therefore, this study aims to investigate the effects of HIIT and ADF
on the browning of visceral adipose tissue, with a particular focus on changes in UCP-1 and PGC-1a
protein levels in rats fed a HFD+HC.

Materials and Methods

Forty male Sprague-Dawley rats, aged eight weeks and weighing 180 + 20 g, were acquired from the
Pasteur Institute of Iran. The rats were randomly divided into five groups of eight: 1) standard diet
(ND), 2) high-fat and high-carbohydrate diet (HFD+HC), 3) HFD+HC with high-intensity interval
training (HFD+HC+HIIT), 4) HFD+HC with intermittent fasting (HFD+HC+ADF), and 5) HFD+HC
with both HIIT and ADF (HFD+HC+HIIT+ADF).

The HIIT groups exercised on a treadmill five days per week for 12 weeks. During the intervention,
ADF groups had access to food and water every other day while being feda high-fat diet consisting
of 60% energy from fat, 20% from protein, and 20% from carbohydrates, along with a 10% fructose
drink (6). The ND group was fed a diet consisting 0f10% energy from fat, 70% from carbohydrates,
and 20% from protein.

Samples were collected 48 hours after the final exercise session, and Western blotting was used to
measure PGC-1a and UCP-1 protein levels. A p-value of <0.05 was deemed statistically significant.
Data were analyzed usingindependent t-tests and one-way ANOVA, followed by Tukey's post hoc
test.

Findings

HFD+HC resulted in a significant increase in rat body weight compared to the standard diet (p =
0.001). In contrast, HIIT, ADF, and HIIT+ADF led to a significant weight reduction compared to
HFD+HC (p = 0.001). Additionally, a significant difference in body weight was observed between
the HIIT and HIIT+ADF groups (p = 0.044), while no significant difference was found between the
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ADF and HIIT+ADF groups (p < 0.05). The HFD+HC diet significantly decreased UCP-1 protein
levels in visceral adipose tissue compared to ND (p = 0.002). However, HIIT, ADF, and HIIT+ADF
resulted in non-significant increases in UCP-1 levels compared to HFD+HC (p < 0.05). Furthermore,
obesity induced by the HFD+HC diet caused a significant decrease in PGC-1a protein levels in visceral
adipose tissue compared to the ND group (p = 0.004). Conversely, HIIT and HIIT+ADF were
associated with significant increases in PGC-1a levels compared to HFD+HC (p=10.01 and p = 0.003,
respectively).

Conclusion

Obesity (HFD+HC) can decrease UCP-1 protein levels in the visceral adipose tissue of rats. In
contrast, HIIT, ADF, and their combination (HIIT+ADF) increase these protein levels. Although the
increase was not statistically significant, the most substantial improvement was seen in the
HIIT+ADF group, indicating a synergistic effect.

Additionally, HFD+HC reduced PGC-1a protein levels in visceral adipose tissue, while HIIT and
HIIT+ADF training increased PGC-1a levels. The increase in the ADF group was not statistically
significant. Overall, HIIT, especially when combined with ADF, appears to enhance PGC-1a levels,
potentially counteracting the negative effects of HFD+HC-induced obesity. Thus, combining ADF
and HIIT may provide effective strategies to reduce adipogenesis and enhance lipolysis. However,
more research is required to explore the relationship between PGC-1a levels and adipose tissue
browning under HFD+HC conditions.

Article Message

Our study provides evidence that obesity induced by HFD+HC downregulates UCP-1 and PGC-1a
protein levels in visceral adipose tissue. We found that HIIT, ADF, and especially HIIT+ADF can
effectively upregulate and maintain these proteins. These interventions not only promote weight loss
but may also enhance metabolic health by increasing lipolysis and promoting adipocyte browning,
potentially protecting against metabolic dysfunction caused by HFD+HC.
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Figure 1. Weight changes of rats in different research groups

ND: Standard diet, HFD+HC: High-fat and high-carbohydrate diet, HIIT: High-intensity interval training,
ADF: Alternate-day fasting diet, *: Significant difference
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Figure 2. Changes in protein levels of UCP-1 and PGC-1 in the visceral fat tissue of rats in different
research groups
ND: Standard diet, HFD+HC: High-fat and high-carbohydrate diet, HIIT: High-intensity interval training,
ADF: Alternate-day fasting diet, *: Significant difference

o9 b ko il ojluil =Y g
Table 1- Effect sizes of research variables

HFD+HC+ADF HFD+HC+HIIT HFD+HC+HIIT+ADF 09,5
31 ojlad!  wldo
Glass's delta Glass's delta Glass's delta 7 o
O 90
\ Y/-# Yib-
_ _ _ UCP-1
(S, A (S, 5 (S5 s S
< [AA AV Y/
) ) ) PGC-1a
(S5 b g SN (S5 5D (S5 sk 5D

£V oylouds VF 0590 NP Hloo ¢ 2259 6599 38 aoliliad




ahlSes 5 cxbandl s Sl VF5
S5 4% g Sy

9boo WAT) sebs (052 b o @ 2xie (61 ) Slioenn S 5 9 02 0 (2188 w3 4 Sl 0ud Sl 95,
os 7 b Selsil Ll ul g cenlolen (g2 S8l o Shes P g 59508 el (2l L WAT oo
Ao oo il rae (S glie (slags lew 5l (55l 4 Ml S, (ol 3bLe o

Jools gllasls il s (HITHADF) 48 ol S 5 g ADF HIHT iy dgegs ol i1yl gl o epobiol ol
ol gy ol sloasily <58 5 ) 390 WAT (s slosgd (slo by Slyaeid 5503 L HFDHC |
S US55 ¢ bl ;5 ams 2alS | by liol oy <8l UCP-1 sy pyolie wilgi o (HFDHHC) 3o ol oyli
ol olie ial3dl cely (HITHADF) g5 ol oS5 5 (ADF) sl (615055, «(HIT) Yl s b sslis oy 03
GOgute oy Lol (PP agh calitee slrog S o gld) 9 o cme gylel Ll 4 ol ol ax S
odlice I3 Jlojlal Lo g0 8~ ADF e g HIIT 5,5 jles Sl o3lail b (HITHADF) (oS 55 09,5 10 ol iy
ol Gl gy o i Carte 53l lidlen 1L Wi o ADF 5 HINT (S )5 4 cansl gl oo b s cal g 5
il azsls UCP-1 iy

HINT (03 o bl o am Lol | o, lio] oz <8l PGC-la utigys polie wlgs oo HFDHHC (ol 5 opdle
w0 Gial3dl ol Lol el igl3 ADF 69,5 10 PGC-1apolie iad paigp ol yolie Lialsl 4 2o HIT+ADF o
D Ll gxe (5 5lel bl

3,08 3929 aawgnsl (5,0uS g 40 o9 g BAT 0 a5 cul wbyaSsim ey SG UCP-1 as gl 0 S9leb
S5 50 JUb (555l ol L3Il Loy aiile aul s 50 a5 i s Wyl (3l ,S 0 T8 50 (uulS” 5 (uig 0
SRS e oSl 5 (85 g it 515 511, oy 45 S m e igis . JUIS 5, olsie 4 UCP-L (YF YY)
551 5 99800 35 (5 jeS ATPazT 3 oS 598 oo 09 2SIl Jil 0y )3 (aiicdar Sl Joo (nl 2300 550
00,5 o olil L )3 S o

i 3 BAT L laFis 5| el 5 dion 2ol oz <8k 5o (ljle, UCP-1 colled ul81 L e &
UCP-1 LialS ol Ligh s oobl 5 (60 VT ol (clostd Curmspmsd] b dslice capistd &) s goCapguys]
b Lol e a0 o i s (6lourmsgsd] gozs gy 40 |y UCP-1 Caanl HFD 05,8 o oliol oy dly
e HFD a5 wisls (Las (V- Y +) oSam 5 hisilacs oY+ ¥ o) o), Kos 5 ils ol imghy 5l i ol sloazily
S e 4 Zeuly jo Wil oo WAT a5 cowl ool pglas ¢ blas ;0 (YFNY) 058 o (0,2 <8LUCP-1 ,0lie yialS «
lie it & Shes (Slacmsg ol Gl 50 45 (S i €y (sloge® 4 layge 90 (B0 b Lo s (55559 o3 057
il 4 yzie a5 (1Y) Cansl ol yad UCP-1 ol il b Logas Ol i oyl bigd o Lys (losgd (sloopmsmo] b
oo e, o 2l onl bl

oIl 4 e HIT ( yed 5yl Ghghy 0 V-V 2) ol 5 hsilaas o (V- V0) ol en 5 (45 L sl o
3053 Jlo sime 609me (ol gy (ol 5o 45 Sl I b ogd e il oy 8L UCP-1 (g polis jolie
0255 oS 5 cisBing oyt willae Db g gg Vesol (LB slaimgsy b ol gl 5l i nl (ogmeals LYo

£V o )lol NP 0,90 NP L ()59 S590 g S aolilad



N e 29Uk (55100395 9 Vb oo b (29ld ¢ o s 5 i

Sz e wdlee e Sl U )y nl b 4dss g ol gl 50 eolitul 3550 (Sl S 5 5 2oz ) 6B 0
D9 Sy Slelal Glls uzign cpl polde ialidl p HIT Ll icisls (g)lo o e (2ol 3l UCP-1 j0lis a5

037 sl ganibinST G153l 4 g Veso | 1) (8559 (3205 48 53 (27 8L UCP-L ol 233l 1575500
oS Pyl Al S a8 ol Las (V) ) e 5 Y gailys do sloaiil b gucanl ol ] b (YY) ols cos
Cowl o polas Liwl)y (pl jo (YA) 098 o 3l Uy WAT ,o mMRNA UCP-1 Lo jalS 4 e ((Seglie + (55l92)
oS BAT s WAT ¢35 50 1 50 (6,08 sie Codlad g 555 Glalidl 4 (o359 Sl yed (B aisz glaJas 40 o5
Sl o SIS cpl a5 wiz e wss oo MBI (2yr S8l gg 95 5o )3 [ UCP-1 (le (o5))9 (n yed coizen O3S o
8L UCP-1 polas pol> iogh 10 Lo (YY) 09 oo canlice (5 5axg5 bl jgbay (SCWAT) siwg ) b (o>
)5.»a> UCP-1 wbﬁ‘ l) 092 HIT L ‘5».3‘).4;) 09»..» 9 w)éy ool )|)5 QS’L’))‘ Sy90 ‘) (u_))) LS"}O LgLQM.a}.o.: L,;:Lm}‘ S
L aS ogd oo atsS 55 S b ol loged ol b ol 4 a5 ab o (iol8 WAT o asleslosed oy sla ol
(YY) sl ol yor oy JS S gl jliwgzogn 10 (65,L sl gogmge

Sgi oo plisl oy CBLUCP-L 5y polde JiolS pulais 4y oo HFDHHC oS ol ool o)Lis pol> imghy o
um.a‘).ﬁ‘ U"‘ M)Q ‘09,‘..4‘541 @L@l @)" Mel) UCP-l ua.f.:g): J.)ALG.A w‘)ﬁ‘ d.: J;L.ue J..QADF sH“T » OSB’LC sJ.JLM )O
D90 S 5,53l cpl p ADF il oslail Lol cogs jlo e

slie (I35, anan ez a5 wisls Glas yl ey 5l (o nl laaBl L geen 53 (VoY 0) o)1 5 50 o
398 oo (HFD) sl slajige ;0 UCP-1 (5 by (iolidl 4 joeie (510059, el YT /0 )55 e el YF) (ADF)
(YR 09800 (22 <8k Ll i Rlsn Sonte 5 0139 a8

s GADF sHIT aan can a5 wisls lis yol> ipgdy sl b guss (Y YY) [Sas ¢ gusgd, IS o piman
IS cov a5 Sllg o] Lidgh 50 2gh oo WAT (o sloged) UCP-1 ialidl 4 e o LS 5 0 b
3 Sor Aol ADF sl JSSg, cow Sllgas ol Hlad |y niisn ol o 51 e 5YL polie wazs 5 1 3 HIIE
aS wls las 1) Jawgle )..:13 o0 M3 o Jols 09 HIIT 09,5 15 Sl ojlail 5l S a5 wisls las UCP-1 p0lis
(F2) 0,3 ;5B UCP-1 olo ol (o lojad Hsbas HIE §IF a5 el ol 51 (Sl

= usl.) UCP']. L}"":"ﬁj" ).:.)LM ))él.e.c » HIIT+ADF @‘J‘B‘W‘b ))‘ GMQQLN..J J..oL> L)M.(bsj.: 4...9[.: ).iJé as )5.‘out.o.ﬁ>
Ol oo s oalive (HITHADF) 09,5 cpl 10 S5 jlaws 5l ojlasl LUCP-1 ol3dl o iy oS5 el b 09y ol
o] HerwlanST oldl 4 jouie a5 gl oo (Sdgilin (g pdyBlasl sll el - 9o ;0 - ADF  HIIT a5 ciS
a5 G5ign et (FY) oS o Jld BAT s WAT o 1, UCP g co o1 5udsnd 51 a8 ol5T Gy slaoawl 554

b}.wu;o ,.w.»...a Lo; u)g..o Le W) O‘)—‘ ‘_;))J‘ 9 "\"SLSA ‘..\}ATP ).u.u.’ )‘ ‘) u}-’j)-’ ul.n)‘; sé}u.’u;‘o w...‘a.u 25 UCP Ja.ws.s

1. Brandao
2. Marinho
3. Cardoso

£V oylouds VF 0590 NP Hloo ¢ 2259 6599 38 aoliliad



Lo Jomily G2l 5 (ks Gl L b om0 (2l 1) 0y sl 50lapnSTUCP (g3l Jlsb o5 455 4,
o 55l (IS sy s 2l gy sl bl S el (o ol b (FF) 05 ez 1y 5,05 5s
et gilio S5ne 42 5 (FF) 00,5 159 (2l 4y jomis el o S a5 Gl L il o (Bl Ll jo Comsgol g3 50
(FO) S S8 s IS

o, sl o, 8L PGC-la (piisn polie wlgi o HFDHHC 3l> « iogh sloaisl ulul oyl »ogdle
Omzed WA piign cpl polie ol 4 o HITHADF g HIT () s ¢ blie (o 000 alS gl coe jsbay
g o sae (5 Lol Llod 4y iol8l ol Lol «cBl 2ol38l ADF 09,5 o0 PGC-lat polie

55 (5o lagar 52 MICT L HIIT sglia 1o (Y+Y+) (1iSan 5 il ol ingiy 51 iy ol (sloaidly b suad
LS e sl baxs g sl )55k wisls las 3l 5 sl ;o (PGC-1a 3 UCP-1) WAT o sloged g lacawgus]
V) 0 MICT 5l san 298 BB olie  HHT s WAT ol gloged

55598k (2l w3, 5145 Ll hee WAT ,o 5 o2 sladsbe oS5 pHIIT (o) 2 53 55 (V41 2) o] 1Sen 5 bge
3559, b 2w, boadads slo fige ;o WAT ol (sloged cowl (Seas HIT a5 wisls )lis caso )57 co 43355 YL
Sl 5 S g Gl 1 e 5 05 S5 bS] s (sl S 5 (S 5han Figer erte Joas3 L olymm VU
OY) 0gls o JS

& ,5dee 5 oy sl A e @03, ol 45 Wols HLESCR Loyl i cow sl Gige (guyp 5o (Y1) il IKen o ' gilld
lié celus YE) (ADF) Cglito (s l003s, axio Sl il cy b 55 (V2 V) o, en g gen)lo (F8) 595 o WAT s
4 (F2) Conl ol o SWAT slacawgus! ol sloged iulidl LADF a5 &o,8 i)158 (500059, el Y /50,95
Sy HIT LCR oS 5 a5 wols (L HIT LCR oS 5 130 (cwy o b slasdlas ;o0 (V2 YY) S0 5 T 3l cogdle
(YY) el PPARY/PGC-10/UCP-1 4y aitly juumnn cdlad 201331 LWAT (ol sloged gy slp 2les 4 HIT ;|
HIIT 05,8 55 s 65353 s 5315101 b (HITHADF) (o 5 03,5 15 it (639edp (i o5 Lo gy 53
Al odalin b hwge Slojlasl LADF 09,8 j0 o 51 s 9 S50 Sl ojlail b

S5 olor G 4 i sn 5 05 n Ja srsin 55516 Sy lyie 4 PGC-10. &5 Conl 0 polns il ol 5o
oD (sloged 4 a5 05l e PGC-log Lo Jled 4 Wilgi oo (o359 (o ped 08 SS UCP-1 5 (5,08 g0 b Lo e
s 0 5 Ssdse 4Ly PPARy Salilas (uiigy o olsieds PGC-10 cpuizman (1Y) WS o oS WAT
G235 el POC10 s 5 s (15555 Sliz a5 o8 3 008 I35 555 0l g () o8 5 (ol oS s
5 wbyaS g slagy 5l golaws ly cel dian slecawgusl o PGC-1a ;ls (YY) oS¢ o0 WAT ol (sloged
o yod SMSlae alalgy UCP-1 sigy polie a5 ol ools lis 55 ol g jo 098 oo UCP-1 Julis S5g0 5
slacawgasl 18l pled gl PGC-la a5 ogi oo atdpdy glooyind jsbas cplpls ol olid s05up sladss 4
st 55n 53550 GRaliél &) s PGC-1t g PPAR 758 5 Jlud () ) il (65,5 UCP-1 (5 (b s 53 5 cslosed
e 5 5 slaallle 13 o8 e (FV) s o slosed 3 52 7 <3l 3 55550 b Lad e (slos S50 ol 5

1. Fabbiano
2. Xiao

£V o )lol NP 0,90 NP L ()59 S590 g S aolilad



Fa eyt glo (65190395 3 Yl b b (o295 (o S 5 5T
PPARY/PGC- youns CR 5 15555 Sl yoi b 5o WAT (s (cloggd shol (gloonisS palass 45 wisls las (Y- YY)
(YY) aisb o 10/UCP1

555l Bran 1alS gline 4y a5 CR o5 S ol oo o] (ot5u 3l (la)lSTg5le s CR L alayl )0 5yl (iagly 5o
o 9B 5o alidl cpliams oo il o IS 50 1) b oy e b -\--'T)5 sty BB Heba wwl lde )b
WS oo SIS Gael,l5 peedglio 018 ol g 0S8 e ol | 138 28l yo Cudgase I iU (65,50 dgeS b o>
WS Bl gepe B ) eSSl 4 a5 Loglde )
15 45wl emlipnST by azsi o olio] oz b ssed il Sl Wlgi oo CR algws 4 o Wl PGC-1a
g3 00 oanline 08,5 il )0 (& it 035 LiRlS 45 Lz codgs yituss 3] Jlaie Ylozo| (HITHADF) oS 5 03,5
l58la 1L g5 e ADF LHIIT o 5 et 5 HIIT o8 Cal ool oasinoglts 5 0l ngty ulis (IS 5o
0 PGC-10. rptigy polie ildl b Ylaxst g wily axsls PGC-1a (uigy polie ial3dl 5 (6 i Cute il
b ablio cly oo ol Sal, wiilgi_ca HIT + ADF (ol by i8S SaS HFDHHC 5l b Ble e ol 51 zals
O (sloged 9 PGC-10 polia oy L)l (qusy 2 (sl (55 G0lsd onl 0529 b wams 0l 5dgnd (ial8l g 5559001
Lol L5 0590 HFD+HC Lyl i o o> <l

Ao ply

gy polae sialSadal 4 e Wlgi oo HFDHHC 5l Jol> Bl a5 aas o &l)) sunled Lo axlllae
Cslite (5,5059, (HIT) (23555 Cn yod 45 maols yLai Lo el o ogdle 098 sl o> 3L PGC-1 5 UCP-1
“‘5‘93«5" HFD+HC L 4455 0,90 Job o (HIT+ADF) gla,dss 4 oo A3l g0 ol euS 5 0594 9 (ADF)
S Lais b oial3dle s | PGC-1a 5 UCP-1 55 ol

(039 UuBlS  ogdle Wl g0 HIITHADF 055545 5 ADF HIT SMSlae a5 aos oo ylid b gl ccoles o
WS SeS (Sdgline sl Jolss Laa> 4y Wlgs oo g5 45 aS 00,5 PGC-1a g UCP-1 polie iuliéledass cuely
00,5 S8 1y IS Splin Codlo ) oiurmgnal o (loged b 5099 B 5 jlsed Gl b Voo oy
S dadlos HFDHHC 51 ool Sdgilie Pl bl jo g

W1 Ol Mo

Gt (S| b Jorll g L Glidail

(IR.UT.SPORT.REC.1403.021 : 5351 u8) <,5 1,3 o)l,05 olKils 5 aaS 0yl 8,50 Slilgem anlllas [S5g
b @be

Lol 03,55 28l ys el b gl o s slaglesls 5l slazss syl fagh

O S g 5y Lo

Wlansls & e il bl slaside seled (15 5 Ll (b )3 HEakm s den

£V oylouds VF 0590 NP Hloo ¢ 2259 6599 38 aoliliad



&lw (p,la
Al wdle ol dllie ol B g
@‘é,.ﬁ 9 ;.&5

aS Sl seled jlcwl HLals oRails oi359 (659090 5w a0 al )l owlil)IS 4l Ll 5lad 3 0 ol gy

10.

11.

12.

13.

14.

15.

praloisn (19,08 5 Si5 o 5 S 6,k pol> Ghaghy el o, Le

&bw

Ogden CL, Carroll MD, Kit BK, Flegal KM. Prevalence of childhood and adult obesity in the United States,
2011-2012. JAMA. 2014;311(8):806-14.

Barranco P, Delgado J, Gallego L, Bobolea I, Pedrosa M, Garcia de Lorenzo A, et al. Asma, obesidad y
dieta. Nutr Hosp. 2012;27(1):138-45.

Langin D. Recruitment of brown fat and conversion of white into brown adipocytes: strategies to fight the
metabolic complications of obesity? Biochimica et Biophysica Acta (BBA)-Molecular and Cell Biology of
Lipids. 2010;1801(3):372-6.

Fruhbeck G, Becerril S, Sdinz N, Garrastachu P, Garcia-Velloso MJ. BAT: a new target for human obesity?
Trends Pharmacol Sci. 2009;30(8):387-96.

de Souza Marinho T, Ornellas F, Aguila MB, Mandarim-de-Lacerda CA. Browning of the subcutaneous
adipocytes in diet-induced obese mouse submitted to intermittent fasting. Mol Cell Endocrinol.
2020;513:110872.

Shabalina IG, Petrovic N, de Jong JM, Kalinovich AV, Cannon B, Nedergaard J. UCP1 in brite/beige
adipose tissue mitochondria is functionally thermogenic. Cell reports. 2013;5(5):1196-203.

Bartelt A, Heeren J. Adipose tissue browning and metabolic health. Nature Reviews Endocrinology.
2014;10(1):24-36.

Machado SA, Pasquarelli-do-Nascimento G, da Silva DS, Farias GR, de Oliveira Santos |, Baptista LB, et
al. Browning of the white adipose tissue regulation: New insights into nutritional and metabolic relevance
in health and diseases. Nutr Metab. 2022;19(1):1-27.

Puigserver P, Wu Z, Park CW, Graves R, Wright M, Spiegelman BM. A cold-inducible coactivator of
nuclear receptors linked to adaptive thermogenesis. Cell. 1998;92(6):829-39.

Gill J, La Merrill MA. An emerging role for epigenetic regulation of Pgc-1a expression in environmentally
stimulated brown adipose thermogenesis. Environmental epigenetics. 2017;3(2):dvx009.

Bostrom P, Wu J, Jedrychowski MP, Korde A, Ye L, Lo JC, et al. A PGC1-a-dependent myokine that
drives brown-fat-like development of white fat and thermogenesis. Nature. 2012;481(7382):463-8.
Khalafi M, Mohebbi H, Symonds ME, Karimi P, Akbari A, Tabari E, et al. The Impact of Moderate-
Intensity Continuous or High-Intensity Interval Training on Adipogenesis and Browning of Subcutaneous
Adipose Tissue in Obese Male Rats. Nutrients. 2020;12(4).

Habibi Maleki A, Tofighi A, Ghaderi Pakdel F, Tolouei Azar J, ehsani far m. The effect of three different
exercise training on blood lipid profile, fetuin-A, and fibroblast growth factor 21 (FGF-21) in visceral
adipose tissue of obese rats. Jundishapur Scientific Medical Journal. 2020;19(1):109-22. (In Persian).
Habibi Maleki A, Tofighi A, Ghaderi PF, Tolouei AJ. The effect of 12 weeks of moderate intensity
continuous training (mict) on inflammatory and angiogenesis factors of visceral and subcutaneous adipose
tissue in obese rats: a semi-experimental study. 2019. (In Persian).

Habibi Maleki A, Tofighi A, Ghaderi Pakdel F, Tolouei azar J. The Effect of 12 Weeks of High Intensity
Interval Training and High Intensity Continuous Training on VEGF, PEDF and PAI-1 Levels of Visceral
and Subcutaneous Adipose Tissues in Rats fed with High Fat Diet. Sport Physiology & Management
Investigations. 2020;12(1):101-20. (In Persian).

£V o )lol NP 0,90 NP L ()59 S590 g S aolilad


https://pubmed.ncbi.nlm.nih.gov/24570244/
https://pubmed.ncbi.nlm.nih.gov/24570244/
https://pubmed.ncbi.nlm.nih.gov/22566313/
https://pubmed.ncbi.nlm.nih.gov/22566313/
https://pubmed.ncbi.nlm.nih.gov/19782764/
https://pubmed.ncbi.nlm.nih.gov/19782764/
https://pubmed.ncbi.nlm.nih.gov/19782764/
https://pubmed.ncbi.nlm.nih.gov/19595466/
https://pubmed.ncbi.nlm.nih.gov/19595466/
https://pubmed.ncbi.nlm.nih.gov/32454192/
https://pubmed.ncbi.nlm.nih.gov/32454192/
https://pubmed.ncbi.nlm.nih.gov/32454192/
https://pubmed.ncbi.nlm.nih.gov/24290753/
https://pubmed.ncbi.nlm.nih.gov/24290753/
https://pubmed.ncbi.nlm.nih.gov/24146030/
https://pubmed.ncbi.nlm.nih.gov/24146030/
https://pubmed.ncbi.nlm.nih.gov/36068578/
https://pubmed.ncbi.nlm.nih.gov/36068578/
https://pubmed.ncbi.nlm.nih.gov/36068578/
https://pubmed.ncbi.nlm.nih.gov/9529258/
https://pubmed.ncbi.nlm.nih.gov/9529258/
https://pubmed.ncbi.nlm.nih.gov/29492311/
https://pubmed.ncbi.nlm.nih.gov/29492311/
https://www.nature.com/articles/nature10777
https://www.nature.com/articles/nature10777
https://pubmed.ncbi.nlm.nih.gov/32230849/
https://pubmed.ncbi.nlm.nih.gov/32230849/
https://pubmed.ncbi.nlm.nih.gov/32230849/
https://jsmj.ajums.ac.ir/article_108173.html?lang=en
https://jsmj.ajums.ac.ir/article_108173.html?lang=en
https://jsmj.ajums.ac.ir/article_108173.html?lang=en
https://umj.umsu.ac.ir/article-1-4802-en.html
https://umj.umsu.ac.ir/article-1-4802-en.html
https://umj.umsu.ac.ir/article-1-4802-en.html
https://www.sportrc.ir/article_109520.html?lang=en
https://www.sportrc.ir/article_109520.html?lang=en
https://www.sportrc.ir/article_109520.html?lang=en
https://www.sportrc.ir/article_109520.html?lang=en

h e 29Uk (55100395 9 Vb oo b (29ld ¢ o s 5 i

16.

17.

18.

19.

20.

21,

22,

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

Khalafi M, Mohebbi H, Symonds ME, Karimi P, Akbari A, Tabari E, et al. The impact of moderate-
intensity continuous or high-intensity interval training on adipogenesis and browning of subcutaneous
adipose tissue in obese male rats. Nutrients. 2020;12(4):925.

Motta VF, Bargut TL, Souza-Mello V, Aguila MB, Mandarim-de-Lacerda CA. Browning is activated in
the subcutaneous white adipose tissue of mice metabolically challenged with a high-fructose diet submitted
to high-intensity interval training. The Journal of Nutritional Biochemistry. 2019;70:164-73.

Barak Y, Nelson MC, Ong ES, Jones YZ, Ruiz-Lozano P, Chien KR, et al. PPARY is required for placental,
cardiac, and adipose tissue development. Mol Cell. 1999;4(4):585-95.

Thivel D, Masurier J, Baquet G, Timmons BW, Pereira B, Berthoin S, et al. High-intensity interval training
in overweight and obese children and adolescents: systematic review and meta-analysis. 2018.

Khalafi M, Symonds ME, Habibi Maleki A, Sakhaei MH, Ehsanifar M, Rosenkranz SK. Combined versus
independent effects of exercise training and intermittent fasting on body composition and cardiometabolic
health in adults: a systematic review and meta-analysis. Nutrition journal. 2024;23(1):7.

Khalafi M, Habibi Maleki A, Ehsanifar M, Symonds ME, Rosenkranz SK. Longer-term effects of
intermittent fasting on body composition and cardiometabolic health in adults with overweight and obesity:
A systematic review and meta-analysis. Obesity Reviews.n/a(n/a):e13855.

Jensen MD, Ryan DH, Apovian CM, Ard JD, Comuzzie AG, Donato KA, et al. 2013 AHA/ACC/TOS
guideline for the management of overweight and obesity in adults: a report of the American College of
Cardiology/American Heart Association Task Force on Practice Guidelines and The Obesity Society. J Am
Coll Cardiol. 2014;63(25 Part B):2985-3023.

Dedual MA, Wueest S, Borsigova M, Konrad D. Intermittent fasting improves metabolic flexibility in
short-term high-fat diet-fed mice. American Journal of Physiology-Endocrinology and Metabolism.
2019;317(5):E773-E82.

Chung H, Chou W, Sears DD, Patterson RE, Webster NJ, Ellies LG. Time-restricted feeding improves
insulin resistance and hepatic steatosis in a mouse model of postmenopausal obesity. Metabolism.
2016;65(12):1743-54.

Hatori M, Vollmers C, Zarrinpar A, DiTacchio L, Bushong EA, Gill S, et al. Time-restricted feeding
without reducing caloric intake prevents metabolic diseases in mice fed a high-fat diet. Cell metabolism.
2012;15(6):848-60.

Khalafi M, Habibi Maleki A, Symonds ME, Rosenkranz SK, Rohani H, Ehsanifar M. The effects of
intermittent fasting on body composition and cardiometabolic health in adults with prediabetes or type 2
diabetes: A systematic review and meta-analysis. Diabetes, Obesity and Metabolism. 2024;26(9):3830-41.
Xiao M, Zhang Y, Xu X. Calorie Restriction Combined with High-Intensity Interval Training Promotes
Browning of White Adipose Tissue by Activating the PPARY/PGC-10/UCP1 Pathway. 2023.

Cho J, Johnson BD, Watt KD, Niven AS, Yeo D, Kim C-H. Exercise training attenuates pulmonary
inflammation and mitochondrial dysfunction in a mouse model of high-fat high-carbohydrate-induced
NAFLD. BMC Medicine. 2022;20(1):429.

Habibi Maleki A, Tolouei Azar J, Razi M, Tofighi A. The Effect of Different Exercise Modalities on
Sertoli-germ Cells Metabolic Interactions in High-fat Diet-induced Obesity Rat Models: Implication on
Glucose and Lactate Transport, Igfl, and IgflR-dependent Pathways. Reproductive Sciences.
2024;31(8):2246-60.

Habibi Maleki A, Tolouei Azar J, Razi M, Tofighi A. The effect of high-intensity interval training (HIIT)
on GLUT-3 expression and lactate levels in testicular tissue of obese rats. Journal of Applied Health Studies
in Sport Physiology. 2023. (In Persian).

Azar JT, Maleki AH, Moshari S, Razi M. The effect of different types of exercise training on diet-induced
obesity in rats, cross-talk between cell cycle proteins and apoptosis in testis. Gene. 2020;754:144850.
Habibi Maleki A, Tolouei Azar J, Razi M, Tofighi A. The Effect of Different Exercise Modalities on
Sertoli-germ Cells Metabolic Interactions in High-fat Diet-induced Obesity Rat Models: Implication on
Glucose and Lactate Transport, Igfl, and Igf1R-dependent Pathways. Reproductive Sciences. 2024:1-15.

£V oylouds VF 0590 NP Hloo ¢ 2259 6599 38 aoliliad


https://pubmed.ncbi.nlm.nih.gov/32230849/
https://pubmed.ncbi.nlm.nih.gov/32230849/
https://pubmed.ncbi.nlm.nih.gov/32230849/
https://pubmed.ncbi.nlm.nih.gov/31207355/
https://pubmed.ncbi.nlm.nih.gov/31207355/
https://pubmed.ncbi.nlm.nih.gov/31207355/
https://pubmed.ncbi.nlm.nih.gov/10549290/
https://pubmed.ncbi.nlm.nih.gov/10549290/
https://pubmed.ncbi.nlm.nih.gov/29589408/
https://pubmed.ncbi.nlm.nih.gov/29589408/
https://pubmed.ncbi.nlm.nih.gov/38183054/
https://pubmed.ncbi.nlm.nih.gov/38183054/
https://pubmed.ncbi.nlm.nih.gov/38183054/
https://pubmed.ncbi.nlm.nih.gov/39501676/
https://pubmed.ncbi.nlm.nih.gov/39501676/
https://pubmed.ncbi.nlm.nih.gov/39501676/
https://pubmed.ncbi.nlm.nih.gov/24222017/
https://pubmed.ncbi.nlm.nih.gov/24222017/
https://pubmed.ncbi.nlm.nih.gov/24222017/
https://pubmed.ncbi.nlm.nih.gov/24222017/
https://pubmed.ncbi.nlm.nih.gov/31503513/
https://pubmed.ncbi.nlm.nih.gov/31503513/
https://pubmed.ncbi.nlm.nih.gov/31503513/
https://pubmed.ncbi.nlm.nih.gov/27832862/
https://pubmed.ncbi.nlm.nih.gov/27832862/
https://pubmed.ncbi.nlm.nih.gov/27832862/
https://pubmed.ncbi.nlm.nih.gov/22608008/
https://pubmed.ncbi.nlm.nih.gov/22608008/
https://pubmed.ncbi.nlm.nih.gov/22608008/
https://pubmed.ncbi.nlm.nih.gov/38956175/
https://pubmed.ncbi.nlm.nih.gov/38956175/
https://pubmed.ncbi.nlm.nih.gov/38956175/
https://pubmed.ncbi.nlm.nih.gov/36735710/
https://pubmed.ncbi.nlm.nih.gov/36735710/
https://bmcmedicine.biomedcentral.com/articles/10.1186/s12916-022-02629-1
https://bmcmedicine.biomedcentral.com/articles/10.1186/s12916-022-02629-1
https://bmcmedicine.biomedcentral.com/articles/10.1186/s12916-022-02629-1
https://pubmed.ncbi.nlm.nih.gov/38632221/
https://pubmed.ncbi.nlm.nih.gov/38632221/
https://pubmed.ncbi.nlm.nih.gov/38632221/
https://pubmed.ncbi.nlm.nih.gov/38632221/
https://jahssp.azaruniv.ac.ir/article_14668.html?lang=en
https://jahssp.azaruniv.ac.ir/article_14668.html?lang=en
https://jahssp.azaruniv.ac.ir/article_14668.html?lang=en
https://pubmed.ncbi.nlm.nih.gov/32505844/
https://pubmed.ncbi.nlm.nih.gov/32505844/
https://pubmed.ncbi.nlm.nih.gov/38632221/
https://pubmed.ncbi.nlm.nih.gov/38632221/
https://pubmed.ncbi.nlm.nih.gov/38632221/

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45,

46.

47.

Tabuchi C, Sul HS. Signaling pathways regulating thermogenesis. Frontiers in endocrinology.
2021;12:595020.

KHALAFI M, RAVASI AA, SHABKHIZ F, MORADI M, ZAREI Y. The effects of high intensity interval
exercise (HIIE) and moderate intensity continuous exercise (mice) on serum irisin and subcutaneous UCP-
1 in diabetic male rats. 2016. (In Persian).

Krauss S, Zhang C-Y, Lowell BB. The mitochondrial uncoupling-protein homologues. Nature reviews
Molecular cell biology. 2005;6(3):248-61.

Mostafavian M, Abdi A, Mehrabani J, Barari A. Effect of eight weeks of aerobic progressive training with
capsaicin on changes in PGC-1a and UPC-1 expression in visceral adipose tissue of obese rats with diet.
Complementary medicine journal. 2020;10(2):106-17.

Stanford Kl, Middelbeek RJ, Goodyear LJ. Exercise effects on white adipose tissue: beiging and metabolic
adaptations. Diabetes. 2015;64(7):2361-8.

Brandao CFC, de Carvalho FG, Souza AdO, Junqueira-Franco MVM, Batitucci G, Couto-Lima CA, et al.
Physical training, UCP1 expression, mitochondrial density, and coupling in adipose tissue from women
with obesity. Scandinavian journal of medicine & science in sports. 2019;29(11):1699-706.

Marinho TdS, Ornellas F, Aguila MB, Mandarim-de-Lacerda CA. Browning of the subcutaneous
adipocytes in diet-induced obese mouse submitted to intermittent fasting. Molecular and Cellular
Endocrinology. 2020;513:110872.

Cardoso ELdS, Cahué F, Miranda IEF, Sant’Anna MdL, Andrade CBV, Barbosa RAQ, et al. Combined
effects of intermittent fasting with swimming-based high intensity intermittent exercise training in Wistar
rats. Tissue and Cell. 2023;82:102099.

Goodpaster BH, Sparks LM. Metabolic Flexibility in Health and Disease. Cell Metab. 2017;25(5):1027-
36.

Blondin DP, Labbé SM, Phoenix S, Guérin B, Turcotte E E, Richard D, et al. Contributions of white and
brown adipose tissues and skeletal muscles to acute cold-induced metabolic responses in healthy men. J
Physiol. 2015;593(3):701-14.

Demine S, Renard P, Arnould T. Mitochondrial Uncoupling: A Key Controller of Biological Processes in
Physiology and Diseases. Cells. 2019;8(8).

Owen BM, Ding X, Morgan DA, Coate KC, Bookout AL, Rahmouni K, et al. FGF21 acts centrally to
induce sympathetic nerve activity, energy expenditure, and weight loss. Cell metabolism. 2014;20(4):670-
7.

Scheja L, Heeren J. Metabolic interplay between white, beige, brown adipocytes and the liver. Journal of
hepatology. 2016;64(5):1176-86.

Fabbiano S, Suéarez-Zamorano N, Rigo D, Veyrat-Durebex C, Dokic AS, Colin DJ, et al. Caloric restriction
leads to browning of white adipose tissue through type 2 immune signaling. Cell metabolism.
2016;24(3):434-46.

Qiang L, Wang L, Kon N, Zhao W, Lee S, Zhang Y, et al. Brown remodeling of white adipose tissue by
SirT1-dependent deacetylation of Ppary. Cell. 2012;150(3):620-32.

£V o )lol NP 0,90 NP L ()59 S590 g S aolilad


https://www.frontiersin.org/journals/endocrinology/articles/10.3389/fendo.2021.595020/full
https://www.frontiersin.org/journals/endocrinology/articles/10.3389/fendo.2021.595020/full
https://ijdld.tums.ac.ir/browse.php?a_id=5423&sid=1&slc_lang=en
https://ijdld.tums.ac.ir/browse.php?a_id=5423&sid=1&slc_lang=en
https://ijdld.tums.ac.ir/browse.php?a_id=5423&sid=1&slc_lang=en
https://pubmed.ncbi.nlm.nih.gov/15738989/
https://pubmed.ncbi.nlm.nih.gov/15738989/
https://cmja.arakmu.ac.ir/browse.php?a_id=733&slc_lang=en&sid=1&ftxt=1&html=1
https://cmja.arakmu.ac.ir/browse.php?a_id=733&slc_lang=en&sid=1&ftxt=1&html=1
https://cmja.arakmu.ac.ir/browse.php?a_id=733&slc_lang=en&sid=1&ftxt=1&html=1
https://pubmed.ncbi.nlm.nih.gov/26050668/
https://pubmed.ncbi.nlm.nih.gov/26050668/
https://pubmed.ncbi.nlm.nih.gov/31282585/
https://pubmed.ncbi.nlm.nih.gov/31282585/
https://pubmed.ncbi.nlm.nih.gov/31282585/
https://pubmed.ncbi.nlm.nih.gov/32454192/
https://pubmed.ncbi.nlm.nih.gov/32454192/
https://pubmed.ncbi.nlm.nih.gov/32454192/
https://pubmed.ncbi.nlm.nih.gov/37141748/
https://pubmed.ncbi.nlm.nih.gov/37141748/
https://pubmed.ncbi.nlm.nih.gov/37141748/
https://pubmed.ncbi.nlm.nih.gov/28467922/
https://pubmed.ncbi.nlm.nih.gov/28467922/
https://pmc.ncbi.nlm.nih.gov/articles/PMC4324714/
https://pmc.ncbi.nlm.nih.gov/articles/PMC4324714/
https://pmc.ncbi.nlm.nih.gov/articles/PMC4324714/
https://pmc.ncbi.nlm.nih.gov/articles/PMC6721602/
https://pmc.ncbi.nlm.nih.gov/articles/PMC6721602/
https://pmc.ncbi.nlm.nih.gov/articles/PMC4192037/
https://pmc.ncbi.nlm.nih.gov/articles/PMC4192037/
https://pmc.ncbi.nlm.nih.gov/articles/PMC4192037/
https://pubmed.ncbi.nlm.nih.gov/26829204/
https://pubmed.ncbi.nlm.nih.gov/26829204/
https://pubmed.ncbi.nlm.nih.gov/27568549/
https://pubmed.ncbi.nlm.nih.gov/27568549/
https://pubmed.ncbi.nlm.nih.gov/27568549/
https://pubmed.ncbi.nlm.nih.gov/22863012/
https://pubmed.ncbi.nlm.nih.gov/22863012/

