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Abstract

Aim: Exercise training and diet can prevent obesity, inflammation, and insulin resistance.
Present study aimed to investigate the effect of 10 weeks of high-intensity interval training
(HIIT) and high-protein diet (HPD) on the levels of UCP-2 and MCP-1 in visceral fat tissue and
gastrocnemius muscle, plasma levels of glucose and insulin, and insulin sensitivity. Methods:
Forty obese male Wistar rats (weight 386.46+31.79 g) into five group included: HIIT, HPD,
HIIT+ HPD, obese control-1 (OC-1: having high-fat diet (HFD) during intervention), and obese
control-2 (OC-2: cutting off HFD during intervention and continuing normal diet) and eight non-
obese rats (NC: non-obese control group, weight 283.10+42.26 g) were studied. Training
protocol included running five days a week on the treadmill for 10 weeks with at intensity of
90% of maximum oxygen uptake. Forty-eight hours after the last intervention session, blood and
tissue samples were taken to measure biochemical variables. Data were analyzed using one-way
analysis of variance and Kruskal-Wallis tests at a significance level of P<0.05. Results: No
significant difference was observed in the tissue levels of UCP-2 and MCP-1 and plasma levels
of insulin among groups. Plasma glucose levels in the OC-1 group was significantly higher than
in the NC, OC-2, HIIT, HPD, and HIIT+HPD groups, it was significantly higher in the OC-2,
HIIT, HPD and HIIT+HPD groups than the NC group, and it was significantly higher in the
HPD group than in the OC-2 group (P<0.05). Also, insulin sensitivity index was significantly
higher in the OC-2 group than in the OC-1, HIIT and HPD groups (P<0.05). Conclusion: Long
periods of using a HFD, although it increases the risk of obesity, may not change the
inflammatory state. On the other hand, modifying the diet and doing regular exercise can lead to
the improvement of glycemic disorder caused by consuming a HFD.
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Extended abstract
Background

Obesity is associated with an increase in inflammatory mediators in various tissues including adipose tissue and skeletal
muscle (1). Monocyte chemotactic protein-1 (MCP-1) is the key mediator of adipose tissue inflammation (3) in obesity
and systemic insulin resistance (4). Insulin resistance is related to chronic inflammation and increases the level of MCP-
1 (5,6). So, reducing adipose tissue can play an effective role in reducing MCP-1 levels, which is associated with weight
loss, browning of white fatty tissue, activation of body heat production, and increased oxygen consumption (10).
Furthermore, uncoupling protein-2 (UCP-2) increases energy consumption by increasing thermogenesis and prevents
energy storage in the form of fat by controlling lipid metabolism (12). In the absence of UCP-2, macrophages produce
inflammatory factors such as MCP-1 and exacerbate inflammation (21). High-intensity interval training (HIIT) is an
efficient and effective exercise protocol, by reducing visceral fat, it can improve MCP-1 levels (26) and increase the
expression of UCPs genes by changing the phenotype of white adipose tissue to brown adipose tissue (27). Also, a high-
protein diet (HPD) causes weight loss by reducing energy intake and causing satiety (29), and by increasing AMP-
activated protein kinase (AMPK) phosphorylation, it increases UCP-2 gene expression, lipid oxidation, insulin sensitivity
(30), and decreases MCP-1 (31). Therefore, the present study aimed to investigate the effect of 10 weeks of HIIT and
HPD on the levels of UCP-2 and MCP-1 in visceral fat tissue and gastrocnemius muscle, plasma levels of glucose and
insulin, and insulin sensitivity.

Material and methods

Forty obese male Wistar rats (mean weight 386.46+31.79 g, aged 12 weeks) randomly divided into five groups (n=8 per
group) included: HIIT, HPD, HIIT+ HPD, obese control-1 (OC-1: continuing high-fat diet (HFD) during intervention),
obese control-2 (OC-2: cutting off HPD during intervention and continuing normal diet), and eight rats were used as non-
obese control group (NC: mean weight 283.10+42.26 g, aged 12 weeks).

Diet compositions

The NC and OC-2 groups rats were fed a normal diet containing 13.5%, 27%, and 59.5% calories from fat, protein, and
carbohydrates; respectively (36). The HIIT and OC-1 groups were fed an HFD containing 60% calories from fat, 20%
from protein, and 20% from carbohydrates (37). Also, HPD and HIIT+ HPD groups rats were fed an HPD containing
15%, 57.5%, and 27.5% calories from fat, protein, and carbohydrates; respectively (36).

Training protocol

After one week acclimatized to the treadmill running, HIIT protocol was performed for five sessions/week and 10 weeks,
including five sets of 30 s at 29 m/min followed by one min at 13 m/min in each session in the first week, which increased
gradually to 12 sets, and the speed reached 36 m/min (approximately 90% VO2max) over eight weeks and remained
constant until the 10th week. Each HIIT session started and ended with five-minute warm-ups and cool-downs,
respectively at 13 m/min (39).

Blood and tissue sampling and measuring of biochemical variables

Forty-eight hours after the last training session and following a 12-hour overnight fasting, rats were anesthetized using
ketamine and xylazine, and blood samples (10 ml) were taken from the left ventricle of rats and centrifuged (15 minutes
at 3000 rpm) to separate the plasma. Then, the visceral fat tissue and gastrocnemius muscle were harvested immediately
by surgery, washed in normal saline, placed in gated microtubes, and immersed in liquid nitrogen (-196 °C) for sudden
freezing After the homogenized tissue, samples were centrifuged (10 minutes at 10000 rpm). Finally, the levels of glucose,
insulin, insulin sensitivity, MCP-1, and UCP-2 were measured.

Statistical analysis

The Shapiro—Wilk’s and Leven’s tests were used to examine the normality distribution of data and equality of variances,
respectively. Given normal distributions (MCP-1 and UCP-2), one-way analysis of variance (ANOVA) and Tukey’s post-
hoc tests were used to compare the differences among groups. Given non-normal distributions (glucose, insulin, and
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insulin sensitivity), the Kruskal-Wallis and Mann—Whitney U tests were used to compare the differences among groups.
Statistical analyses were performed using SPSS software version 21 at a significance level of P < 0.05.

Results

The results showed no significant difference was observed in the tissue levels of UCP-2 and MCP-1 and plasma levels of
insulin among groups (P > 0.05). Also, the plasma glucose level in the OC-1 group was significantly higher than the NC,
OC-2, HIIT, HPD, and HIIT+HPD groups (P = 0.001, 0.001, 0/001, 0/003, and 0/001; respectively) and it was
significantly higher in the OC-2, HIIT, HPD, and HIIT+HPD groups than in the NC group (P = 0.02, 0.001, 0.001, and
0.001; respectively) and it was higher in the HPD group than in the OC-2 group (P = 0.02). The insulin sensitivity was
significantly higher in the OC-2 group than in the OC-1, HIIT, and HPD groups (P = 0.01, 0.02, and 0.05; respectively).
Despite the no significant difference in insulin sensitivity between OC-1 and NC groups, this index was considerably
lower in the OC-1 group compared to the NC group (P = 0.20). Also, insulin sensitivity was considerably higher in the
OC-2 group compared to the NC group (P = 0.06).

Discussion and conclusion

In the present study, no significant difference was observed in the tissue levels of UCP-2 and MCP-1 and plasma levels
of insulin among groups. No significant difference in the level of MCP-1 is probably related to the different inflammatory
responses of body fat reserves to HFD, which can be different at different times (57, 58). Also, no significant difference
in the level of UCP-2 is related to the type, intensity, and duration of the training period (47, 48), and the type and content
of the diet (20, 48, 49). On the other hand, HIIT and HPD can improve levels of glucose by activating AMPK and
increasing GLUT-4 expression and translocation (43). Dietary changes may also affect the secretion of appetite hormones
(such as glucagon-like peptide-1) and increase insulin sensitivity (60). It seems that relatively long periods of using HFD,
although it increases the risk of obesity, may not change the inflammatory state of the tissue. On the other hand, these
periods may reduce the stimulating effect of fatty acids on the thermogenesis process. In addition, more attention should
be paid to the types of compounds in HFD.

Copyright ©The authors Publisher: Azarbaijan Shahid Madani University




329 3PP 30 33 (G 88 2l Dl
£P9d oslod (w3398 Jlw
Yo-AA Olxio (16+€ Ol 9 b

e

Open Access B9 Ul
abae g 1y7 COLMCP-1 5 UCP-2 zghuw 3 (g 2198 235 9 ol (29l (2 p0d 51

Bl ¥ (2o e 3O (i gul 4 Camwline 9 (SUSw!

TSI (o ! (S (o aile oM il " 42 B ans o
VYEY/P MY s iy )b VYELY/E/TY icdly o &0

dAS>

adllas 5l B )l (8 (e 4y Cunglio § Slodl ¢ By Sl 6yt 3 (B 023) 5 (a5 208 1BAR
MCP- y UCP-2 zolaw » (HPD) (5590 5 (213 9235 9 (HIIT) 3008 (095 (32 p05 i Ve 3l (o 0 p51>
mlnd 9 ) 392 O] 42 Sl 9 gl 5 3595 oy s e5lBgs alids g olin] (2 L 1
HPD HIT :gglue 095 g2y (p)5 YAMIFFEVIVA (jg) Blo slwy 5 2lome ige yw ¥
OC-) Y-gl> JyS g (blie Jobo ;5 (HFD) oy (olde w25y oily :0C-1) V=5l> J 8 HIT+HPD

2o die iz i P QRIL(NC) gl 2 J58) Bl st s o s (Jlog (ali# s 355 5 Aslas g3, 3 HED glab 2
4 odalle W JURSSPAAMINVACH Sl 50 ot o 5 155 55 g Jol 205 S5 58,8 )5 ellas 3,50 (o5 YAY/NEFYIYS 35 i Siles

s ke SIS s e eg S ) ands )3T 5l e sl Cuin g Joa D9 (B pae ienST Slas doyd Ar s b aén Ve e 4y s )
IS JY PR TESR IRN + d""’()}"):l 51 ookl b baedly .o 4.2;33‘3){ ladon ol pusio L;);o)'l.\.?\ Sy cdl g s sladiges PIEEW

(U gms o ) UCP-2 gglaws )3 (5 I3 sino oglis 1ARBL (P<+/+0) 150 30T pudlg= JISusg S g 48 oSy il )lg 5T
(m_saghebjoo@birjand ac.ir) 5 5L OC-1 05,5 55 lowsdly 5515 gebans .1t odnlite loog,S o] slowsdly zobans o 5l MCP-1

308 poke ouSimgs 0553
p sk oSl (o e 5 325055
Ol O i s S

SYL HIIT+HPD 3 HPD HIIT OC-2 Lshbbg)f » HIT+HPD ¢ HPD HIIT OC-2 NC LSL"Mj)f
OC- os)f ) )u Q‘J?“’l L WAJLAD L.)DL“ (PS'/‘Q) .)9: 0C-2 bg)f )l );\jl.: HPD 09)§ JLl 5NC 09)§ )l
HFD jl solitl S5V ob Liws (cle 93 3§ S 4 (P<+/+0) 5o HPD 4 HIIT (OC-1 (slaog S jl 5V 2
w25y oMol K0 (gow jl s ol Cundy pud cage )b Jlaisl famd o iulidl 1) (Bl Jlas a8yl L
33,5 HED Gy 31 ol Saonna M8 IS 39500 40 i M55 oo ol oy el plol g olié
Sl gl 4 Cuaglio  Jlayd w5y bbb gl o yed 1 g (0314

NO-MY) Y V¥ L3550 Sl snd 3 oS sp)l8 Slllle "3l 3 ol slagise 13 oyl & b 5 (ASwl e 5 o2

Lol e ad ol5iils t il g skl calo

YEVFFD-Y 1 Sag SIS LS

STz ot yoantd £
DOI: 10.22049/jahssp.2024.29888.1673

Copyright ©The authors Publisher: Azarbaijan Shahid Madani University




JAHSSP

http://jahssp.azaruniv.ac.ir/
http://dx.doi.org/10.22049/jahssp.2024.29888.1673

(W) S o S5l (2 S (531 065 ) o e ilie
25w ) (o sladsles s5asl (slo e Sl ol 1 05N
55 S5l (HFD) Cizp i ) J) a6 (Bl 5l coles
wlisl o cal P UCP-2 45 Hlo & Cul odds o3l Lis .(VA)
lpd cpl (B 19) whe (S (Bl 4 Mie 33 gl
5 22 Silwopdd & (p Span il sk 65 pudglie
oy ol 5 S ole Ll bl boml 1 Wl oo UCP-2 205 0
398 e (Bl 1 (o il G plgisa g wles GusSsa
2 b iy Sl (gilw Jled o Sl i UCP-2 (yiseed (V)
ol ol ol g il col by, Sle UCP-2 544
UCP- oo lais cplpl (YY) $g o0 Slodll 025 9 MCP-1

el Sledl g (Blo oy B3yl > ol g S5 2

Sy sl @) g e Sl S Glper (23559 <l
ol 005 3l o & bgpe Sulalie SYMES] o Sle oleys
Sldl (il G ey alS el Wl o ()
iy @ly 3 (VF) 29 olgudl 4 Comslus (Rl 5 Satuss
o lS gl do S gale 3 o Sl (685l 5 Ly &S sy oo
)13 (o509 Callad & o1y sl )3 sage B Aol gl 5 i)
a3 g ol (JsUse 5 (Jobo (sl g3l g2 dliej el 2 (YY)
Sor 3l xS 0 By called adlre ]l i oS
aons  Oledl ] S 5l bl (Ses ca30 slas o
oy 3] oy clled o Cunl il e 5 (V) 2l M5l )
B Mg als el dajly Sle a8 3985 5 (a2 0395 EalS
Ol ol St (35 o ST(VF) 29 0 (32 8L Loy ool sl
SS9 g lin] (g2 0395 (Al )3 ((teglia 5 (slgn) (it
3,59y b (58559 (e sl el RIS oledlas b
bl )b g (e dalip 3 95 el Kl o e (S pe
2 09Bl 25d syt coldy pelesl g 2L 5 oy (Bl
4 Comd T(HIT) 05 (09ls cyed coloj Com & 258 b o)
ol oMl )3 sy (sblie g Sl e K> sloged
09 (Biy9 SSgn S s g o392 [ (2 1l 5 (Bg e
2 iy Sliayad s by b dulie )3 ol g 4oy
Sl grhe Sglio pgyri 5 (Sl b b po slislad Jalge als
5 oty 0355 ialS y HITT e ol &8 il o5 0313 s (¥0)
b 3l bl gule mi s ¢lp ol dads plyeay olisl o)
5355 gohw dgre p (M oo Jlg Sle g Lacumgige Soi
o3l L izzan (YF) 15 MCP-1 sle Ll sl oplS sl
Slogad 4 b (02 COL g S crge HIIT o ol 00
3 i Slo candad s 5 ol s sl sl ol ialS
S S 52l 15) M2 g5 4 (gl slolS sl 15H) M1
s alaslgdy ol 5o HIIT oyl iy (YY) S5 o ( gl
Sl 4 e (alinl o ohsdr (0 Cb (Silshige 9 035

EVRTH

Sl > (90 g St ©)50 4 ( Sgilio py)dins o (Sl
Sl aobe Gl LSy Sl dhas (o 8l Jd 5l il
Colas il (Lol Jele sl 5 (V) sl olpon oled]
Clld b y0e0 Pl o glie 4 o <l il (sl
b &S a8 by |y lacplgnsl g 180 Jos Vb Splie
S AY) At Lo o lSuly 31 slosiyl3 5 g 4 Ceoglie
MCP-) V—Camgio (glowd 038 Ol (g p o S0l oyl ]
S (1) 2 Sk Cladl g5,8 @3S S omle &l (1
sl Caglio .yl o slodty (F) Ssatuus (sl 4 Cuoglie g
(7 8) 2y MCP-1 ol (el ¥l 5 (yoje Lol b (o35 bLS))
@lisl oy cdl > MCP-1 (iols) » Slgi o0 55 3555 clale
(V) 3 g ) ladl g (oM sl (32 B3I g 3,30 536
S dle ol baass” g 1) MCP-1 wilg o (alisee (sl Jolo
4 oy ol oSl cjlig Sl 5 (ap c8l (ISl cMas
2 oSl ol ol o(A) 51 6 o sloosiiS M (e i
a3 (Bl 20 b Cute ©y90 o (oDl gobaw 5 2 8L
P e DAz <8l g ool Jol pas g (1) 2900
S sl oad S5 A8 o Bl (b 4 ataly (2)lse 5 yS
MCP- jlojon [islidl g dSwl oMae )3 MCP-1 WJg yils8l
3k 9 Y slagise (Sl das 3 Cldl cage dowdly 3 1
o 0jy Ol b dlgie MCP-1 als” (8)b 5l .(7) 5950
DIl g o slo)S g (b b b (2 8L (0 (loge
Rl 45ty o iy (V1) Al L po b hge )3 (jenST B pan
Bl o g S s U W o <l
oySails s MCP-1 oy Ll & asg5 b .3l axsls MCP-1
ol 5 eslatel Jlais! cpoie oledl oYM 51 56 slisslow
PV Sy 9 ) Sy S (S0 g 4 el 98
() 353 399 098y Sloyd Claal lgie 4 o

5 Sl bojle ) (o BB &5 G 03 lagniyy dle
TUCPS) oS s é sloouGigy 255 o b Lagye Y3
Silobe cebl b by lagnlyy & A
JSBay |y g5l o )3 g il o ATP i 5l (g0l jgind
G5l oy jl g Lad 0 ATP Wy jialS el clidd o jio Lo S
Jols g nl (VW 10) WS (o0 (65 oke (2 0395 Sy
el 5 6l 3 UCP-2 (W) (ghoggs e cdly 5 UCP-1
2 UCP-5 3 UCP-4 5 (10) 6 5 ISl dlas 1> UCP-3 ()¥)
Tolae UCP-1 Sglsan lgis 4 UCP-2 (4559 il o (VF) 20
S G54 V) sl (653l pudgilio S8 o ol S8 5 035,
OExe 90 g0 (4 53 (555l B (il el ljle S 52k )
S Ly o Jee o ol ohig 4 g3k dlge pudgilie )

3. High-fat diet
4. High-intensity interval training

Copyright ©The authors

1. Monocyte chemoattractant protein-1
2 .Uncoupling protein

Publisher: Azarbaijan Shahid Madani University


file:///C:/Users/Saberi/Downloads/Final%20manuscript%20for%20submission-%20Anonymous.docx%23_ENREF_1
file:///C:/Users/Saberi/Downloads/Final%20manuscript%20for%20submission-%20Anonymous.docx%23_ENREF_2
file:///C:/Users/Saberi/Downloads/Final%20manuscript%20for%20submission-%20Anonymous.docx%23_ENREF_3
file:///C:/Users/Saberi/Downloads/Final%20manuscript%20for%20submission-%20Anonymous.docx%23_ENREF_4
file:///C:/Users/Saberi/Downloads/Final%20manuscript%20for%20submission-%20Anonymous.docx%23_ENREF_5
file:///C:/Users/Saberi/Downloads/Final%20manuscript%20for%20submission-%20Anonymous.docx%23_ENREF_6
file:///C:/Users/Saberi/Downloads/Final%20manuscript%20for%20submission-%20Anonymous.docx%23_ENREF_7
file:///C:/Users/Saberi/Downloads/Final%20manuscript%20for%20submission-%20Anonymous.docx%23_ENREF_8
file:///C:/Users/Saberi/Downloads/Final%20manuscript%20for%20submission-%20Anonymous.docx%23_ENREF_9
file:///C:/Users/Saberi/Downloads/Final%20manuscript%20for%20submission-%20Anonymous.docx%23_ENREF_6
file:///C:/Users/Saberi/Downloads/Final%20manuscript%20for%20submission-%20Anonymous.docx%23_ENREF_10
file:///C:/Users/Saberi/Downloads/Final%20manuscript%20for%20submission-%20Anonymous.docx%23_ENREF_11
file:///C:/Users/Saberi/Downloads/Final%20manuscript%20for%20submission-%20Anonymous.docx%23_ENREF_5
file:///C:/Users/Saberi/Downloads/Final%20manuscript%20for%20submission-%20Anonymous.docx%23_ENREF_12
file:///C:/Users/Saberi/Downloads/Final%20manuscript%20for%20submission-%20Anonymous.docx%23_ENREF_13
file:///C:/Users/Saberi/Downloads/Final%20manuscript%20for%20submission-%20Anonymous.docx%23_ENREF_14
file:///C:/Users/Saberi/Downloads/Final%20manuscript%20for%20submission-%20Anonymous.docx%23_ENREF_15
file:///C:/Users/Saberi/Downloads/Final%20manuscript%20for%20submission-%20Anonymous.docx%23_ENREF_16
file:///C:/Users/Saberi/Downloads/Final%20manuscript%20for%20submission-%20Anonymous.docx%23_ENREF_17
file:///C:/Users/Saberi/Downloads/Final%20manuscript%20for%20submission-%20Anonymous.docx%23_ENREF_12
file:///C:/Users/Saberi/Downloads/Final%20manuscript%20for%20submission-%20Anonymous.docx%23_ENREF_18
file:///C:/Users/Saberi/Downloads/Final%20manuscript%20for%20submission-%20Anonymous.docx%23_ENREF_19
file:///C:/Users/Saberi/Downloads/Final%20manuscript%20for%20submission-%20Anonymous.docx%23_ENREF_20
file:///C:/Users/Saberi/Downloads/Final%20manuscript%20for%20submission-%20Anonymous.docx%23_ENREF_21
file:///C:/Users/Saberi/Downloads/Final%20manuscript%20for%20submission-%20Anonymous.docx%23_ENREF_22
file:///C:/Users/Saberi/Downloads/Final%20manuscript%20for%20submission-%20Anonymous.docx%23_ENREF_22
file:///C:/Users/Saberi/Downloads/Final%20manuscript%20for%20submission-%20Anonymous.docx%23_ENREF_22
file:///C:/Users/Saberi/Downloads/Final%20manuscript%20for%20submission-%20Anonymous.docx%23_ENREF_23
file:///C:/Users/Saberi/Downloads/Final%20manuscript%20for%20submission-%20Anonymous.docx%23_ENREF_24
file:///C:/Users/Saberi/Downloads/Final%20manuscript%20for%20submission-%20Anonymous.docx%23_ENREF_25
file:///C:/Users/Saberi/Downloads/Final%20manuscript%20for%20submission-%20Anonymous.docx%23_ENREF_26
file:///C:/Users/Saberi/Downloads/Final%20manuscript%20for%20submission-%20Anonymous.docx%23_ENREF_27

Ellges §) oslial 5 ol glaial) b llae yils o6 adlllas
Sy pole olSKtily EUS| aiseS Lawgs g 13,5 plowl 2Kt Lol
V JSé 45 cuges IRBUMS.REC.1397.211 o5 | sisyu
Oty oo ¥ ol (o a8 amd e (s |y adlllas ol ool IS o e
YASIESETIVA js uSibeo b cliin VY ol gy 55 (ol e
b glatin VY Gl e by 5 alpme Shge pw Cudin g p)S
(Olnl @) syl g 5l )5 YAYNAFVIVE (59 (50l
23Sl ol pole olStalej] & bl JES) 1 g 5 A5 (5l
e b olyyS ( Blad (glo pudd J313 53 iy oty (55,9L88
4> YWY (glos o> ¥odd i Cugh) b e pudd 2 )3 g
i o cin) Cels VAT LS 5 alidg, 4653 9 31,5 ol
oy cdlllan e soles 3 Ul g e & g A5 (5 )1g (o
WBiolojl b b sl clasin < 0y90 bL 5> sl ol
UBge o Culi) (Solume 095 gy 4 (Bl 90 4 Gl s ise
HPD .5 ashsl b oy 1555 o yed) HIIT z ol (09,5,
HPD _i3Sols o adllae 55 5> HED glad) HPD ((adlias oLl b
S HFD glad b olyon (o555 cy2pe) HITHHPD ((adllas L b
V=3l S 09)8 (adlas LL B HPD (03500 5 adlllas £9,5
et :0C-2) Y-3la S5 5 (asllas Jobo ) HFD aalsl :0C-1)
cuia g ((ND) Jloyi (e w3 9,4 5 asdlae g5,5 ;> HFD
(Jboy 23 925, NC) Gl e J5S 09,5 53 3l & Shge oo
i Ve Edo dy HIITHHPD 5 HPD 05,8 (sla bso 505 maus
Sasyd YO (o ) )8 sop VO s HPD G L
FeSokS o o8 643 445 (g 5l 20> OVIB 5 Slyans S
w5 5,5 N0+ (o, p )5 TR e85, DAY/ : ol i oy
sk £)5 B+ g (189, )5 Ve odSiial dulis p)S FY )
P35 VIB g Oyt 5 ¥ comeling p)5 V¢ Gne 3l5e )5 YD
©da ) 35 OC-1 0g)8 o HIIT 095 (slagbge (V) 392 0loS
o Ve (o il 6 J8 2o £+ L HFD lawg aan)-
eSS YWY a8 B0 4% pigp il doyd Ve g Clyangs S
VY lagmgssS 2,5 VAVIA ey 25 VoYl (S 5 s> <o
4D 0l 93 gy p)S YYO 5 (BLS (89, £)5 YO) (2 S
PV Sine dge bl p)5 0 (S (a2 sl & oS
slagise ol 3 0gMe (V) 392 508 £)5 00 5 lagpeling bglsee
s5>) (2Blojl (kg ogass ND LNC 3 OC-1 (slacg,S
385 (e daoyd YV (03 2oy WD (Ol yaumg S duo y> /0
$39Ud 5 0.Simg s 3l addllan ol 53 odlaiiwl 350 (slalie s
win Vel g 8 b awg o Ojgod (Olnl (Gldsl) by,
Sx5oilul b bge (J (asli 5 98 (g «2l3E w25) 5 oy Al

cSys cile @ N cpelas) Jlemd il S s
oS S S 0j e (N4T-440 oo ololl )giSKem
(o oS Insizze 8 b clo (o Joo +/+ ) Canlis) Jlows
)P oLt §) g b ige 35 (gpSojll sl (1108-300 Juo

S Glgce g (VA) 398 s 4y Cnglie (2alS g (oo Lol
Slgi e Vil g o1 UCPs elosj ols Livlpsl cely HIT
03y 54 el sldanly oL (Bl (5)lse 5l 6pSsl> s
ladeSe g (AN ©25) 3 et elaie (55)9 Cllid p 0gMle 39
N5 dag 090 iy LR (slp &l oladpaly S0 1 Sl
VHPD) (igpen athle masy 51 ozl bl ol 3 sl 4285
S5 pRalS Bk I g e & lesd Cogeme (slosnlid jdboas
S Gl B e Ghle)S GRall g oy Sl (8L
8l 80 (g (Al )3 (9 Clhame)S 4 Cud g
@ TAMPK (903 j9id il3dl b HPD s o Jaiay (V9
sl proe 023 Sinlod 5 (555l e gplie (ST oS s g
5 (ACC) S 52,5158 Sl (pgisdleyoind Gilj3l 9 (Spilie
"(PPRA-y) lapg (suSln iS5 ouiiS Jlb 7 0ipS ol 2al8
oty 0355 LIS b ypmolisnSTUCP-2 55 ol Ll s,
eoy p ogde (1) 39800 (gl & Colas (l3El 5 (71)
2 il spals goaw L gl ohaga HPD (jg ials
wegad onl )3 Cusl 0ad ety (1Y) Cobd 5 (Bl & M o )lowy
hMCP-1 zolaw 5 (gile 5 (plinl (2 (i G20 (sladlllan
a5 Cawl 03505 iy 35 HFD L ois 4335 (sl y550 ,0 HPD Cdlaie
L3k e HPD (b Satr Slecdl (201 4 Jlod oims gl ()
MCP-1 gghaw Clss p Slgio (22 0395 (ialS clpliy (1Y)
il 5Slae M) 4 Slge Sl 5 o8 Ol sl liS gl
s Sy 4 e g WSS Sl dlas g o
Prie g 0B pol ) (32 Shome 8 9 Sladll & 398 (93,585
sldske 5 2 b Sy g oo Slee ST @
MCP- (olodll )98 gaw (sl 3 (1T) 2900 (Sl = 5Mas
il o ol QR Jy 05de (mse ol 4 e alas 3 1
ple 4 e Colg )3 &S A8 oo ST, ol ) (slegoe 2
IS 5 o & Caaglio g dgua] 4 ol > IS g 35915 Joos
5 2 <Ol ) ot 0 Ol 4 g b ieen (F) 2900 oo
pslS (551 Jltsgan UCP-2 ol Galidl g ogeVbsean 2 o] 30
e Olyeds o (Sl dlae (VF) b oo Gl (Bpas 3
S sl o3k Sl Jeuily WUCP 5350 5l 5ol 0,35
{¥0) 35,15 (2lile)S a013 5 (6531 puedgplio palais oS b e
Al (yyr 4yl dalllas c0nls &S 3)l50 Cual 4 a2 g5 b by
Sy ok 2 N0 b e 0 5 2o 4 HPD o HIIT
ol slBgy alie 5 lisl e cél UCP2 5 MCP-1
e slabe ;3 gl 4 Colues g pdgus] SIS olowdly
ol a5l gl

GRRYF 99

4. Peroxisome proliferator-activated receptor
5. Normal diet
6 .Lee index

Copyright ©The authors
University

1. High-protein diet
2. AMP-activated protein kinase
3. Acetyl CoA carboxylase
Publisher: Azarbaijan Shahid Madani


file:///C:/Users/Saberi/Downloads/Final%20manuscript%20for%20submission-%20Anonymous.docx%23_ENREF_28
file:///C:/Users/Saberi/Downloads/Final%20manuscript%20for%20submission-%20Anonymous.docx%23_ENREF_29
file:///C:/Users/Saberi/Downloads/Final%20manuscript%20for%20submission-%20Anonymous.docx%23_ENREF_30
file:///C:/Users/Saberi/Downloads/Final%20manuscript%20for%20submission-%20Anonymous.docx%23_ENREF_31
file:///C:/Users/Saberi/Downloads/Final%20manuscript%20for%20submission-%20Anonymous.docx%23_ENREF_32
file:///C:/Users/Saberi/Downloads/Final%20manuscript%20for%20submission-%20Anonymous.docx%23_ENREF_31
file:///C:/Users/Saberi/Downloads/Final%20manuscript%20for%20submission-%20Anonymous.docx%23_ENREF_33
file:///C:/Users/Saberi/Downloads/Final%20manuscript%20for%20submission-%20Anonymous.docx%23_ENREF_6
file:///C:/Users/Saberi/Downloads/Final%20manuscript%20for%20submission-%20Anonymous.docx%23_ENREF_34
file:///C:/Users/Saberi/Downloads/Final%20manuscript%20for%20submission-%20Anonymous.docx%23_ENREF_35
file:///C:/Users/Saberi/Downloads/Final%20manuscript%20for%20submission-%20Anonymous.docx%23_ENREF_36
file:///C:/Users/Saberi/Downloads/Final%20manuscript%20for%20submission-%20Anonymous.docx%23_ENREF_37

JAHSSP

http://jahssp.azaruniv.ac.ir/
http://dx.doi.org/10.22049/jahssp.2024.29888.1673

lcto 3 ot bomignt (S i 9 CAL g (y9 (5 5 Wiged
Wl oLl bl 5l dw g cpped duls )31 5 celo ¥A
33 3 S o 813 % p 5 e V) ol Sl S 5L g
st (o g 3 S5k o lil a pyS ke Vo) sy 5 (0
O8> Felistee Vo Ol e ddl g oS0 4l > Ll s
15 el 69 ol Jgloeo (5ol (sladlgl o g 4B S B o (ol |
w0d (yglzes S5 Bdiges b au, (EDTA) ¥ sl Szl
Cenrtrifuge Jio) 5guts il 4383 )3 jad Yo v v Cao yuo b 4,8 VO
laa Lol o (OlAﬂ souiS Sad  SheS” BH 1200 universal
JUsl spdbe 93 Sloossin s 4 plawdly sladiges 03)5
d)d A 538 30 dbgye slayie o loj B g Ad ol
Tolaw O S )8 RS (Wl oS calu) oS b
S 3 odizal L) 1531 Sty i 2 55555 5 (g oDl
iS5 g (g 1908 TS p0 08 b Jpames dipYI Slisios
OIS 09ejl b €8 i (alRiolejl cuS I ool L) es ]
pGke 0 g dibe 3 p )5S0 /) Comluo b iy (]
clale u.JLwl 2o QUICK U»Lw A onlal )...JL;»»D 2
151y 5,500) (gl 5 (205 59 5 o) B8 3558 o
(5Y) 22,5 anuloxe 5 Jpo 51 ooz L (2 Lo 53
QUICKI = 1/ [log (fasting insulin, pU/ml) + log (fasting
glucose, mg/dl)]
lizl 2 Bl s g9y 485 Oy (Al b dn dloya
é.»Lo U)?)W Bol d.lmlBM: 9 A 03ld waw 9 d&.wl.)).: 9159.) alac 9
—ptonis o) B s (285515 (31,5 5l 4> —VAF (gles L)
Cq 0055 ()5 ol )8 ol an > —Ar glod 3 slesdan sla
b Tl Jiomd (g3l 3l edlil b laz) (2l (13,5 055500
Voo GOlie dp)S 1Y epSojlnl Cawlus) SKY-600  Jas
Jite C99,Sse J5I 4 gl b o sels (sladiges I p)S Jue
P S lind 8l ¢ 361 (slod 4 ladiges (glod (s | g 5 22,5
03933] ol 4 048 0355 90m 8L lgicas (PH 7.4, 100mM) (PBS)
odiiS yjsen ol I sl ()5 ojdised Cax g M
a5 oolizal (Gl oS i) €88 cale MM400 o)
Vor faeome p3) L 035 gen badiged Fe uilS)8 b adBd guy e
5 sl sy (PBS i mlle S ol 4 <l oS ke
05 gen S (clddises s b o3l Goldbio Inc., USA)

29y @lo g (483 Vo So B> )3 )93 Vo v v 0) 13,5 Soudyibs
o pite (5pSojlul Car g ab Ol g pglaen b w
UCP- (slagniyy (8L gohaw )5 )3 okl 3)90 (olondgn
Sl oS jodlil Lo 1Y (39, 4 MCP-1 4 2

.
bl b ealil W jbge  Blo s (6l (
Gl b ¥Vl i bl I asls oS olayige yasls ol

b lelid] cax bagige e sl )3 i ped SS9
calo WU IY) (Bge pegase (55 9y (9> S5
39 3 A3V gy gy e 4y (Ol el s Moyl S 5
25 5T HIIT 4ol (333905 codlad 4835 p yi0 Vo sy b
S Mo )d A G b cdian Vo Gde &y dtan ) joy gy B yige g
b oS8 pogaste (bS5 g9y (VO Max) (bypao 5]
5 S Sy (o8 Ay gl e g3 42 )3 jho
438> SO b ol pod AdBd p yio YA Caopuo b (sladl Ve ol i b
A plodl (4 g W Ce g L) gl 90 (o Jld col il
in b (39293 4 G (05 0)93 plad ) el il I8 o)
S @ 35 gt g )S,le Gy 4 dddy e S
il i dizin j3 &Sl B Wb 009381 v sk o ped (glaogls
Fo Y8 Ghugd Gy 9 WY & (ped Cugh S B o bl
Caol S5 4 p3Y (YA) Sy (VO2 max o pd A Jolro) addy
i i (VP S g Jlor alln 55 05 JS5py0 o5
aly plply il shb awn Vo Gle @ pobs adllas ) Lol g
LHIIT auds j2 opl g ogdle lo i oo dtin b piin 4iin
Wt po b )8 2y alBd gy b g 08 g9 (25 p)5 i g
595 (9 Sl B bge S0 jolateds dpws) (L 4 dB85 )5 i
b gl oo +/0) i (S S5 5l gl Sl 5 (oS
ol (Bl Jlows 4 4)3) (Fyo Sy bolen (550
Sod plajen Jloel 4 abge (90 (boyd Sl g 9 35
Sye S il b Olda plo 3 (Jgo Spe g (Sl

5 o3zl

L VO2max paiims S0kl b lois g5 oo 1y oy ped (3280 b
(Sloe Sllls 1355855 el (Jb ol b 2ygl sty B oy
Gly Fodls ogy G calply sl GBS wp g pplej ob
)90 9 Sa9re o Slo Clallas )3 (pyed CAb pulitine pd (e
om debge g9y 485 Syge Slillas 3 & gl e 5l
oo ol ouds odnlie patiws bL3,l VO2Max ¢ a0 cue puo
b g S olme plgisds Mg (paduie oy yd (g
cpols adllas o (Fr) 2,5 )13 4l s VO2max jl pasuie Loy
g3 3l ool b VOimax | sasuie o) b hgd 3590y
adlas & dlzwl b jasuie geyw j0 o0)S)le gy b bse

(Y) a pol L8 a8 500

4. Jadever
5. Phosphate buffered saline
6. Anti-protease cocktail

Copyright ©The authors

1. Maximal oxygen uptake
3. Ethylenediamine tetraacetic acid
4. Mercodia

Publisher: Azarbaijan Shahid Madani University


file:///C:/Users/Saberi/Downloads/Final%20manuscript%20for%20submission-%20Anonymous.docx%23_ENREF_38
file:///C:/Users/Saberi/Downloads/Final%20manuscript%20for%20submission-%20Anonymous.docx%23_ENREF_39
file:///C:/Users/Saberi/Downloads/Final%20manuscript%20for%20submission-%20Anonymous.docx%23_ENREF_40
file:///C:/Users/Saberi/Downloads/Final%20manuscript%20for%20submission-%20Anonymous.docx%23_ENREF_39
file:///C:/Users/Saberi/Downloads/Final%20manuscript%20for%20submission-%20Anonymous.docx%23_ENREF_41

g 90l 05 oo g I ¥ USE) gy calilne ain Ve
5 (P JS5) (P=+/+V) pdgu] s o _sine oglis pic.
sloog)S )3 ) dgudl 4 Colas 5 565 gshaw o gne Cglis

(bl 558 M2k 5 8 1 Jgama) (oo lagbae pogasce
PSS VIO Cuiy 4 joSde biaS Chmlus 3)5 (555018
Dy pddee ) e SPBY g il ey

é)[uwlw]))('/'ag ofeee) w):duP)J.)LQA)Jl.)uL.wdama.a

iboistae sgbas OC-1 09,8 ;5 JS5I8 ko ity o 32 (y99)]
3g HIIT+HPD ¢ HPD HIT OC-2 NC (¢laog )5 ;| 5L

Sl sy,

O9eil 3 B slaodls @i (g Jloy oy yolate & Ll
Tod 0seil S by plp 088 (yn sl s T Shiggmls
&ly oy S O duwlis o odl> d)LJ }:JL‘J Caa b odlatwl
09051 31 {UCP-2 g MCP) 355 515 oy 8 iy o2l & (2l e
oS olayiie sl 5 0 (S5 Lot seil 5 T8 b il U0
& Comlas g gl S5) 395 )5 o] ) o8k oyl
a5 oslil Vg e 519 ellm JSg)S ogeil 5l o]
39 YY) a5t SPSS (g )lol I8l 5 51 skl b (glol cluslore plos

LB )S Cygn PSo/ o0 (g5 jire pedoww

JERC v N CYRT IRV LT P2y ET WPV LR IRV R WO A V) O TN
oo foY gy 4 P polas) NC oy )5 5l 5YL HIIT+HPD
D9 (P:’/’Y)OC-Z bs)f)‘).»\ijPD 09;)39(’/”\ 9 ofeey
09,5 > P ysbas 5 gl & Sl e (o F JS)
HPD 4 (P=+/-Y) HIIT ((P=+/-1) OC-1 slaos 5 j| YL OC-2
2 Odgmdl 4 Camlus I gre Gglas pas o) e g (P=+/+0)
L duglio 1> OC-1 89,5 )5 asli ol NC 5 OC-1 (slaog S
S92 b pizmen ((P=2/V+) g Soml labasMe LB j5bay NC
b duslis ;0 OC-2 05,5 1> pdous! &y Cunlus 5 gizo Ciglds pae sl
(g ¥ JS3) P=+/+5) 391 YU glalasdo L5 ysbody NC 05,5 o sbge (s yogg il sbpasls s)lubiul Sl o (1 Ske 0lie
=l G gl cwlodd )Y Jado 3 adllas 350 slaog )5 5o

MCP-1 golaw 3 (5)b gme Ciglts & 5 ¥ o S5 4 L;)Lo] )JL:T

slaog)S o (P=+/+V) gligs aliae 5 (P=/VV) (plial (2 <l

a9l @l S5 (g 5l (o g LY JS5) 15,55 samlie asdllas

oy il 3 UCP-2 gobaws 5 dne coglis pas snims yLis (¢l

Res) axlllao dlﬁaba)f O 4(P='/\ﬂ') ﬁa.} dac 9 (Pz’/Y\) u.:LMol

HIIT e

S 09

W) [
—_—

UMD CagT
————— HIT+HPD (N=8)_y.| 012,515 590
d — | HPD(N=93)
HFD
(N=40) — | OC-1(N=8)
—_——  alshwe glb .—J

—— 0C-2(N=8)

——1 NC(N=§)

sl guaiw 0sP w2l disgu
wilasisy sy cdls s

b sl cyes HIIT (g 2lie 2y HPD Jlog lié 25y, ND iz 2 o5y HFD candlao olodi! Jolpo Suilews g,k Y JSU0

s JyiS NC (ND gy 5 aalas ggp5 > HFD glad) ¥ —3ls 5 0C-2 faadliao Jgb 15 HFD asbl) V-3l i OC-1 fadllao Jsb ,5 HFD aib)
.(ND «bl) 5l

(b)‘.\sl}b»' d';}d‘ﬂ: O.‘.iﬂ:':“) axlwo JSS,,: )‘ e 9 J{é axlwo 5)50 LSLQDS; )b 6)2“9"5):5? duuw’-u ) Js.\q-

o Sl gl (%) 08
5. Tukey’s test 1. ZellBio
6. Kruskal-Wallis test 2. Shapiro-Wilk test
7. Mann—Whitney U test 3. Levene's test
4. One-way analysis of variance
Copyright ©The authors Publisher: Azarbaijan Shahid Madani

University



J A H S s P http://jahssp.azaruniv.ac.ir/

http://dx.doi.org/10.22049/jahssp.2024.29888.1673

AY O NO-MYY) VY V¥ L 5550 (5dajud 3 (woyiS (63 )8 Slalllae ¢ Ko g g3 3L
e o Sy Je Wog,S
YVO/ASEY [0V YYMOYE\S[55 FEY/AvEya/As Y- /YYEVE/YD HIT
ARATAVEAVAN YYY/VYEA/YA YY¥/a-1V5/0V YV /v /AN HPD
Y. 5/Aoty/o5 AARTIN ATNAL YAV/YYEY /oY YAV/YVEYS/AY HIIT+HPD
YYAFOEA/NA YYV/VALA/EY OYE/V-EYAAY YAO/VALYA/AY 0OC-1
YYVIVaLY/Ad YYVIEARY] A 0+ O/YALYA/A- YAMNAZYS/5Y 0C-2
PAMAVEY /Y YoV /Natfe/as FAQ/-SEFY/VE YAY/\ - 2¥Y/V5 NC

Gl e Jyus :NC 9 Y-gl> Jyus :0C-2 =gl Jyu8 0C-1 OSeyn 2N w5 :HPD i (29U Oy ped :HIIT

2 5m

25+ (‘f e (uﬂ!
= s
-
§ ,_' 2.0
2 5l b
] %
- 1
i 1 1]
Y
1 g
by % 101
i
% ¥
E 'N‘ 0.5+
004
HPD HIT+HPD ocA - HIT HPD HIIT+HPD oc-

590 SW0g,5 3 dlilas aiin Vo I ax (0) olf 93 dhias o (W) pUint Cpa €8l 43 MCP-1 zobuw (5uSle .Y JSUW
B st S NC g Y-l U5 0C-2 a3l Jy8 0C-1 ey Ll sy HPD s gl ypye5 HITT cntllano

0=

- o (l_i.ﬂ

b a

£ %]

[ 5] =]

= x

4 154 b

[ )

a L

1 1

E Y
10 T

- 1

3 y

a3 a

i i 21

- 5]

2 ?

b

E] 3

q 1';

a 3
0 o

HIT HPD HIT+HPD oc-1 oc-2 NC HIT HPD HIT+HPD oc-1 oc-2 NC

5y90 G09S 1> Aldlae ditd Vo jlax () o8 93 Alias 5 (W) glisl ©pa €L 13 UCP-2 zobaw (1nibo .V JSUS
b s Uy NC 5 v-gl 5 0C-2 A=l S 0C-1 (ySomp e wjy HPD ayis ol o pes (HIT AU

Copyright ©The authors Publisher: Azarbaijan Shahid Madani University




JAHSSP
http://jahssp.azaruniv.ac.ir/

http://dx.doi.org/10.22049/jahssp.2024.29888.1673

AY D eyt 559000 (M€ 23y 9 L (gl (e pe8 ]
o (&
200 = ( 2 -
"
# # 3
'3‘3,\ 1504 # % 15+
* * * . * E
T * =
4 g
"o 100 _: 104
a, 1
L by
1 s 1) 5+
0- o
HIT HPD  HIT+HPD  OC-1 oc-2 NC HIIT HPD  HIT+HPD  OC-1 oc-2 NC
0.4m
## i e
0.3
i‘ 0.2-
T
—% 0.1
0.0
HIT HPD HIT+HPD  0C-1 oc-2 NC

5,90 (09,5 0 Aldlue b Vo 3l un (7) g 4 Comliws o (&) g (1) 35585 obaw (puilo £ JSUS
# OC-1 L s sine oolis * .l e JyuS NC o Y33l U85 :0C-2 A -gls S8 :0C-1 (55500 2136 w5y HPD s gl o505 HIT caxd e
P00 o) o OC-2 b s sxe coglis HE NC U s size coglis # HPD L Iy ize cglés

Copyright ©The authors Publisher: Azarbaijan Shahid Madani
University



JAHSSP

http://jahssp.azaruniv.ac.ir/

http://dx.doi.org/10.22049/jahssp.2024.29888.1673

AY O YO-AA(Y) VY NF ¥ L 5559 (65000 a8 5D (i yai5 (63 y0)5 Slllae ¢ Ko § g 3

s a8 Wb pbl Wl 5 olpore sla jige A8 cél > UCP-2
S 095 b duliio ) (pyed 09,8 )3 UCP-2 (l jlgime 2ol
JoSo g HIIT oS 5 136 oy o 35 addllan (e 50 0 LS |
@ Cand ol il liee a5 Wb a3y UCP-2 p oS )4 ¢,
el Wlgie GRlBl ul & 3 jde Ll cnyed 5 S 095
W duglio & (Vo VF) S 5 Sl ($5) 58 ol cablons
UCP-2 5 (S's5 gn 9 bgw (n59) HPD g9 93 8y aiin
0 ole QI obl > oS why Gl ygw lagige S il
UCP- o 035 palits Jsisds PPAR-Y 05 ol ilS 5 UCP-2
23,5 odalie HFD 38 09,5 5 Jloy JyuS 09,5 L duglie 15 2
5 LIS ooty sl guaath il dalllas gl b gl o) &S (V)
i 3y90 lajiie b dlally )3 pols adlllas b (595 Cllllae (o guanls
5 &5 559 (FA YY) (nyed )99 Gde g A g9 b ol Yles
05> T YA Ye) cunly by oolatul 3)50 olAe ) (sgme
Sloysie dox jl (B))9 ©Ab 5 e g &5 Cusl 0l jasuie
Sledl 4 o gl g el iy slacnlSgeS il 135,80
e 055 )0 0390 odils gludl oy sladgwl Cpioren (FA) Wi
O ol Camdg (Ll cge o olile)S cllad (IEIL Al

(Y+) Mg

Sl L5 slaogS 53 UCP-2 s pic il aaliae ol 5 5
&S Cool 0dd 5,55 599 ND 09,5 b duslie > (OC-2 4 OC-1)
sl e ST Gy slasl dlas I UCPs ouiiSqulass Jole i
Gy closgl (80) S o i b el a5l o ROS 4 515
~ ot Db o W )8 ol Sidsed Jos gty S 0 3]
Ol oiored s UCPs el 51 b ol5lb,S (6l core 00l
9 48k UCPs 58l (sl (ol)giSBsS” canl (8o 02 (sl
(DY) 18, UCPS 058 Jleb aitave s b 5 positons sl (350 b
o ol yat oy (slotgnd 51 oYU ol (g5bwdlj] L 48 HED G yuso
2 ) x2S dbnl Gl Sge Sye S lgisa Ml
@z S8l hiles clapi gle HED (plply 258 485 ks
d9d o S (232 0355 9 (4 ()9 RIS 4 i g 03> ialS Ades
o3l HFD jl a8 oladises jd b (oy2 0355 (]38l cpl a8 (AY)
Ol cpmiomad b o doldl sl B (glossg) i Sy 50,8 0
w235 2 48y 4 2 el g5 dlox Sl Jelge 51 5 Wl 0 UCP-2
e 88 (2 Gl &5 Oy (pl 4 bl Bpas 0)9 L g HFD

5 UCP-2 zslaw 5 HPD o HIIT I sy pils adlllas JS G
Bk 5 2o slagbge gligy das  olisl o il MCP-1
5 lisl o 8l MCP-1 5 UCP-2 golaw cadlllas oyl 55 39
cslin Ve aldhio Jl e Bl 5 2lome Glaghge 2 gy dlie
Vg a6yl sine ©glis adlllae glaog,S oy HPD 4 HIIT
OPye 3 1y MCP-1 (o0 gghaws jl3 dne (S (VYY) e
Yol (FY) woly lis JyS 09,8 4 Cod HIIT wiin VY (b Gl
MICT y HIT (s ye i Cutin 5l dugliio 4 (V+YY) 5o
o o B sine il @l sy Bl 2l lagbee 5
(YY) o> L 1y S5 09,5 a s (2503 09)5 93 2 > MCP-1
i 0395 I3 gixe LBl (VYY) e o T Kol (6,503 anlllae
0393 S b €05 |y MCP-1 ()3 ine o) (S & Jlos 5 oLt
825 SIS Bl e lagise )3 (€0 (Sen sl) HPD
5 siaglio (05 45 VY 6 35 (VoY) o iSem 5 ¥ wg e (1)
Slagbee » lisl o 8l Dbl Ly 9 55515 J s » HPD
S oy s ol gl g (FY) ol 51,8 wyp 3y90 |y Wl ol e
5 @ sbddle (M8 So5 45 Jeod pae el i HPD
S 5 g (staglie (205 (SLoog;S )0 Lol 3,5 MCP-1 ol 21381
Al g SIS Joodi s9ut0 b e SIS Rl HPD 5 (Jioglia (05
oS sule HPD wuy o iy cplply .cdl ials MCP-1
55 o ebas s oyl 4 |, MCP-1 a5le SedlS el
38 P14 bl Gbnlgule cpl ggeme > (FY)
(FF) 15 oo SaS” (gl (3 WS p> ST 5 (012 slo Jols
ol 2 5 Sl 2y JB jeba Slg e (8559 (e g
03,5 (il b 5l e & am> L2alS |y el s o

(FY) aisy dene o (22 <8l 0 1y okl fuwly PPAR-y

Ly 0jg Cane 9 (2 8L 3l pudglio Sl o UCP-2 (g
byl g8 Slg oo cplple 098 Cledl Gials el g S J S
as” 0> i (VoY) ol an 5 (b (V0) il Cledl g (Bl oy
b ;o UCP-2 (5 slo jbobzme )38l cels (gilon oy yod azan VY
@ e il cpl & a8 (s Bl alpee clagise oSSl
Ao oy 5 Slgyed () 15 (gl o g (cona IS E o S9s0
05 ol p HIIT wéa Ve 51 owyp cun b ladlas (Y+VA) ool

3. Son
4. Medeiros

Copyright ©The authors

1. Supriya
2. Yuan

Publisher: Azarbaijan Shahid Madani University


file:///C:/Users/Saberi/Downloads/Final%20manuscript%20for%20submission-%20Anonymous.docx%23_ENREF_42
file:///C:/Users/Saberi/Downloads/Final%20manuscript%20for%20submission-%20Anonymous.docx%23_ENREF_21
file:///C:/Users/Saberi/Downloads/Final%20manuscript%20for%20submission-%20Anonymous.docx%23_ENREF_31
file:///C:/Users/Saberi/Downloads/Final%20manuscript%20for%20submission-%20Anonymous.docx%23_ENREF_43
file:///C:/Users/Saberi/Downloads/Final%20manuscript%20for%20submission-%20Anonymous.docx%23_ENREF_43
file:///C:/Users/Saberi/Downloads/Final%20manuscript%20for%20submission-%20Anonymous.docx%23_ENREF_44
file:///C:/Users/Saberi/Downloads/Final%20manuscript%20for%20submission-%20Anonymous.docx%23_ENREF_43
file:///C:/Users/Saberi/Downloads/Final%20manuscript%20for%20submission-%20Anonymous.docx%23_ENREF_20
file:///C:/Users/Saberi/Downloads/Final%20manuscript%20for%20submission-%20Anonymous.docx%23_ENREF_45
file:///C:/Users/Saberi/Downloads/Final%20manuscript%20for%20submission-%20Anonymous.docx%23_ENREF_46
file:///C:/Users/Saberi/Downloads/Final%20manuscript%20for%20submission-%20Anonymous.docx%23_ENREF_30
file:///C:/Users/Saberi/Downloads/Final%20manuscript%20for%20submission-%20Anonymous.docx%23_ENREF_47
file:///C:/Users/Saberi/Downloads/Final%20manuscript%20for%20submission-%20Anonymous.docx%23_ENREF_48
file:///C:/Users/Saberi/Downloads/Final%20manuscript%20for%20submission-%20Anonymous.docx%23_ENREF_20
file:///C:/Users/Saberi/Downloads/Final%20manuscript%20for%20submission-%20Anonymous.docx%23_ENREF_48
file:///C:/Users/Saberi/Downloads/Final%20manuscript%20for%20submission-%20Anonymous.docx%23_ENREF_49
file:///C:/Users/Saberi/Downloads/Final%20manuscript%20for%20submission-%20Anonymous.docx%23_ENREF_48
file:///C:/Users/Saberi/Downloads/Final%20manuscript%20for%20submission-%20Anonymous.docx%23_ENREF_20
file:///C:/Users/Saberi/Downloads/Final%20manuscript%20for%20submission-%20Anonymous.docx%23_ENREF_50
file:///C:/Users/Saberi/Downloads/Final%20manuscript%20for%20submission-%20Anonymous.docx%23_ENREF_51
file:///C:/Users/Saberi/Downloads/Final%20manuscript%20for%20submission-%20Anonymous.docx%23_ENREF_52

JAHSSP

http://jahssp.azaruniv.ac.ir/

http://dx.doi.org/10.22049/jahssp.2024.29888.1673

A DO

(R) 955000 a3 (Bl 423 Ly o 50 4 ol alasdhy
Camd glisl oy (2l L wlgi o MCP-1 3 (j5al8 oyl 5 oM
2 S 8 el 3k oher (g pj i 2 SRS &
(YY) 8l IS SIMCP-1 g 1y ol Sas olis] oy il
Szl (o gy @it g1 S cuwl ol ol L Bk
sbaplo; o wilgi oo gl opl a5 wimd o HFD & (Solite oledll
22 Dol sy oo slaiay cplply (DA OY) 0dl Cglie 35 il
P Ogli by (Sloj slaoygs > gl cadlllan 390 L g4
@ gl o e (ply 0 e oy b gl

<ol i8S 35 HED

O 2 ) gl Jbdne Oplis pae pil adlas @S eicen
OC- 09)5 > S5 haw B3k jl o> (i adllas 390 (slaoyS
HIIT OC-2 (slrog )3 )3 g axlllas 390 (slaog,S sl &y s 1
—a s lio aiin Ve Céliio NC og)S 4 cuws HIIT+HPD g HPD
2 ML HFD o cunl osds 03d ol g YL (gl gizo yobo
Jooi pie el SIS o o B GLIEIL 5 Splie 3 Slee
55 S s (D) 33,5 o (g 4 b alS 5 5585
ol Wlgi o wlaie ()9 Clled ol g Jolate 2l oy 31 aile
Y ©ad b (b5 eyl & )bl 4 ST osSne |, sl 8
—Jld b sl o AS160 g AKT (clnoniS palais lgic 4 HPD 4
4 prie JBGLUT-4 gl 4 b g ol paliél g AMPK (gjle
gl s ol o gine I3 (FF) 13,5 5515 oy g 35100
@5 ;55 5l HPD ¢ HIIT OC-1 (slaog )5 4 s OC-2 09,5 )
ol (500 I iy Sl & Cal 008 5155 g1 il adlllas
o 52255 1y 5 23S 55 (GLP-1T k) ol (slaygoom e
M s sl ials @ jomie (SIS 5 gl g5 o
39 (gl 4 Sl (ljl g (dgu] Cunglie (il (3L )
Gl oIS S8 Jole S, lgicgn (M 5y s el (57)
Coonl Pl £S5 ol S5 il Gl gl > sus] Comlas
diusly (o yusie bl p pols ddlllas j3 Wiged e sl &S Sl
35> LS sl a5 sy 0 Slaiay cdpdy plosl 8L (olerdan
305 2 () D) sty e (g0 b (gl 5 35515 ol
Ol pae il adllas slacudgise Il L6 3y50 (655,50
(Al dhae 5 glodal (cp polie) (S S5 pSojlu]
Sein] Sl o oxiwbls)] Kol b 3gy adllas 3)50 cldiges
1 29wl MCP-1 mdaw b (sMas 0dg5 9 olisl o ol

ey OB g0 2 w23y 9 WD 9l cppe

S ol gl G sladwl Wgds o UCP-2 (il b 4
sl (S0 53l Glgs o HFD e Al 8 puae (sloo a0 (picron
OSle 130 n el a8 Sl S g5k 1 (S5 K0 (gom 3 L(FR) day
Bedioe logd (2 Bl ikl Sslbew SIS
Slostd 2 8l 2lil)S » osyd Sl g ceglie
YF) 390 00 03y pb B9, cpl Syme lgieas ol 5 g ol o aslus
255 5 Gl deho gy 8l 5100 e 5 il Bl oy OV
b Jsane Lulpd o bl Sl ugeVligun 1> oS 5 o
POMC 5 C-FOS )l ¢ 5e¥lgun 13 563 05,5 4 pitd Jlas]

ORIl Cage cslogd (Gl Cuans 4 LugeYlgun ,> rRPa
BAT- jouo U 0945 o0 el (i 4y Cnglio 3945 0 UCP-2 cullad
UCP-2 )5 g0 sl (qmas Sl 26 g 29 dgdume SNS-TRPa
Gage g Mo ORI Bl (b 55 A8 LSS o (BF) gl dbx
FOS-C iy geVlgmn & 38 31 olyly Sy Gl b 3950
P s S0 0)led Bl (nl 4 g wad als ], POMC
Lo onlple (OF) Wb (20l sloged (2 <8l (gilolb
26y Soilew Clasl gl (55,84 Cunl 4 g
)0 g Slogrd 4 b (22 C8L hiS e YsSOE
5 Swliow G20 Gials s oo Jlaids (2lile)S oy e
HFD dlnolyds s Jgbo 13 505551 (5l prns 5l Jlsb inlS’
~ 8L UCP-2 s pie g Selaplio slotn] 5 )3 5] oo

Al ol ol addllae S (slaog )5 55 )l 3590 sla

_"5,5 Bl MCP-1 s pAs DMJQL;}J ‘).\o'l> axllas )I L5)§'.’.') C’L"’
G55 352 ND 65,8 L aunlio > (0C-2 5 OC-1) 3l Jyi (slo
39 (Sla el Wlg o atan Vg Cuiin o & HFD oS Cuwl o
bazan V& (b ilisl sl asm aad iuliel s 40 1y MCP-1 mlaw 4
Sog Slagbye 6N addlas )3 (iman (B0) S92 pile (5394
ko BB i)l HFD b 35 Jol dian a4y Cannd aian VY I
e 00D Sl als cdl o |y MCP-1 plas ol sl gsl 5o
M ke pl 8Os e (a2 jbay AMPK cllé
Ol el (05) cwol HFD 51 il Gled) (gl ,Solis ol 381 aims ol
SV Canl (Sen 35 MCP-1 zglaw il 5 SY oo HFD 44155 d>
& Caaglie dbul ol Jlisas 5 Bl el wlys o a5 (05 ,00) wsb
Tobaw 9 (22 <3l P MCP-1 Ly &Sl 4 do g L g (g

3. Glucagon-like peptide-1

Copyright ©The authors

1. Protein Kinase B
2. Glucose transporter-4

Publisher: Azarbaijan Shahid Madani University


file:///C:/Users/Saberi/Downloads/Final%20manuscript%20for%20submission-%20Anonymous.docx%23_ENREF_49
file:///C:/Users/Saberi/Downloads/Final%20manuscript%20for%20submission-%20Anonymous.docx%23_ENREF_34
file:///C:/Users/Saberi/Downloads/Final%20manuscript%20for%20submission-%20Anonymous.docx%23_ENREF_53
file:///C:/Users/Saberi/Downloads/Final%20manuscript%20for%20submission-%20Anonymous.docx%23_ENREF_54
file:///C:/Users/Saberi/Downloads/Final%20manuscript%20for%20submission-%20Anonymous.docx%23_ENREF_54
file:///C:/Users/Saberi/Downloads/Final%20manuscript%20for%20submission-%20Anonymous.docx%23_ENREF_55
file:///C:/Users/Saberi/Downloads/Final%20manuscript%20for%20submission-%20Anonymous.docx%23_ENREF_56
file:///C:/Users/Saberi/Downloads/Final%20manuscript%20for%20submission-%20Anonymous.docx%23_ENREF_55
file:///C:/Users/Saberi/Downloads/Final%20manuscript%20for%20submission-%20Anonymous.docx%23_ENREF_56
file:///C:/Users/Saberi/Downloads/Final%20manuscript%20for%20submission-%20Anonymous.docx%23_ENREF_9
file:///C:/Users/Saberi/Downloads/Final%20manuscript%20for%20submission-%20Anonymous.docx%23_ENREF_27
file:///C:/Users/Saberi/Downloads/Final%20manuscript%20for%20submission-%20Anonymous.docx%23_ENREF_57
file:///C:/Users/Saberi/Downloads/Final%20manuscript%20for%20submission-%20Anonymous.docx%23_ENREF_58
file:///C:/Users/Saberi/Downloads/Final%20manuscript%20for%20submission-%20Anonymous.docx%23_ENREF_59
file:///C:/Users/Saberi/Downloads/Final%20manuscript%20for%20submission-%20Anonymous.docx%23_ENREF_43
file:///C:/Users/Saberi/Downloads/Final%20manuscript%20for%20submission-%20Anonymous.docx%23_ENREF_60
file:///C:/Users/Saberi/Downloads/Final%20manuscript%20for%20submission-%20Anonymous.docx%23_ENREF_59
file:///C:/Users/Saberi/Downloads/Final%20manuscript%20for%20submission-%20Anonymous.docx%23_ENREF_61

JAHSSP

http://jahssp.azaruniv.ac.ir/

http://dx.doi.org/10.22049/jahssp.2024.29888.1673

AF O YO-AA(Y) VY NF ¥ L 5559 (65000 a8 5D (i yai5 (63 y0)5 Slllae ¢ Ko § g 3

Ay i ggecme )3 9—b (g pi—d drg5 G HFD )3 35290
siyg callad plsil g olie 05y Mol dler 1 (S35 S i

Olgedl & Colins 5 S5 o gilio S92 41 ot Wl oo laie
2,5

(13,48 9 Suis

locos S5 Sl wilo oo )Y 095 p QMg Alwgino
S15 sy g3 Sl ol w5 5 5oL e o GBI 511 045
@GS onl @l dole 5o plisied) )l ) Sen cq 4

&lo yo,la5

A5 ol Ll ) mdlie ol 4565 e Allie Baian g

not in smooth muscle cells: possible role of interleukin-8 in
diabetic macroangiopathy. Diabetologia. 1997;40:610-3.

8. Raschke S, Eckel J. Adipo-myokines: Two sides
of the same coin mediators of inflammation and mediators

of exercise. Mediators of Inflammation.
2013;2013(1):320724.
9. Kamei N, Tobe K, Suzuki R, Ohsugi M, Watanabe

T, Kubota N, et al. Overexpression of monocyte
chemoattractant protein-1 in adipose tissues causes
macrophage recruitment and insulin resistance. Journal of
Biological Chemistry. 2006;281(36):26602-14.

10. Rajasekaran, M., Sul, OJ., Choi, EK., Kim, JE., Suh,
J H., & Choi, HS. MCP-1 deficiency enhances browning of
adipose tissue via increased M2 polarization. The Journal of
Endocrinology. 2019:242(2), 91-101.

11. Kristono GA, Holley AS, Hally KE, Brunton-
O'Sullivan MM, Shi B, Harding SA, et al. An IL-6-IL-8
score derived from principal component analysis is
predictive of adverse outcome in acute myocardial
infarction. Cytokine: X. 2020;2(4):100037.

12. Mao L, Lei J, Schoemaker MH, Ma B, Zhong Y,
Lambers TT, et al. Long-chain polyunsaturated fatty acids
and extensively hydrolyzed casein-induced browning in a
Ucp-1 reporter mouse model of obesity. Food & function.
2018;9(4):2362-73.

13. LiuY, Jiang H, He LY, Huang WJ, He X-Y, Xing
F-Q. Abnormal expression of uncoupling protein-2
correlates with CYP11A1 expression in polycystic ovary
syndrome. Reproduction, Fertility and Development.
2011;23(4):520-6.

14. Ji F, Shen T, Zou W, Jiao J. UCP2 regulates
embryonic neurogenesis via ROS-mediated Yap alternation
in the developing neocortex. Stem Cells. 2017;35(6):1479-
92.

Copyright ©The authors

02 bG8 @l e Cea ol ldlls )3 23,5 o sletiy
s lojon (g cilisee (Sloj (slvoygd )3 iy p & FS ) diged
L HFD jl oolitwl 5 lidss jo oddd dalllas sl 5l (g pin
il Gl yuite (0025 gl Copp ol (gol>) lizes LS 5

Do anby ol dslllae

(S 745 ol

e 3y 9 MAs ool ped dtan Ve by LS dsdllae ol ol
<8l ;3 UCP-2 g MCP-1 golaws 3 (50 ixe oS Eely (puBgpps
(b jl b Bl p 2l o sl ge slBgd Alae 5 02
D9 gl 4 sl 5 3615 b o d9u sl Wl
s oS ol L HFD ) oolital Y sb biad (oo jg3 Sasy oo sl
il (S0 il cal (S oygd cpl 150> (gaw | Dguis
LSy eyl as bl 2 ogMe aims JalS |y oo )5 anl 6 5

Reference

1. Battineni G, Sagaro GG, Chintalapudi N, Amenta
F, Tomassoni D, Tayebati SK. Impact of obesity-induced
inflammation on cardiovascular diseases (CVD).
International Journal of  Molecular Sciences.
2021;22(9):4798.

2. Spezia M, Bonato A, De Fortunato G, Bossi A,
Glauber M. The role of obesity and adipokines in coronary
microvascular dysfunction: a systematic review and meta-
analysis. European Heart Journal-Cardiovascular Imaging.
2021;22(Supplement 1): 356. 83.

3. Cheraghpour M, Ehrampoush E, Homayounfar R,
Davoodi H, Zand H, Mimmiran P. The relationship between
the immune system and the inflammatory mechanisms in
obesity with insulin resistance. Nutrition Sciences and Food
Technology. 2013;7(5): 723-735. [In Persian]

4. Basurto L, Gregory MA, Hernandez SB, Sanchez-
Huerta L, Martinez AD, Manuel-Apolinar L, et al. Monocyte
chemoattractant protein-1 (MCP-1) and fibroblast growth
factor-21  (FGF-21) as Dbiomarkers of subclinical
atherosclerosis in women. Experimental Gerontology.
2019;124:110624.

5. Lee CH, Lam KS. Obesity-induced insulin
resistance and macrophage infiltration of the adipose tissue:
a vicious cycle. Journal of Diabetes Investigation.
2019;10(1):29.

6. Evers-van Gogh 1J, Oteng A-B, Alex S, Hamers
N, Catoire M, Stienstra R, et al. Muscle-specific
inflammation induced by MCP-1 overexpression does not
affect whole-body insulin sensitivity in mice. Diabetologia.
2016;59:624-33.

7. Temaru R, Urakaze M, Satou A, Yamazaki K,
Nakamura N, Kobayashi M. High glucose enhances the gene
expression of interleukin-8 in human endothelial cells, but

Publisher: Azarbaijan Shahid Madani University


https://journalfind.ir/journal/iranian-journal-of-nutrition-sciences-and-food-technology.html
https://journalfind.ir/journal/iranian-journal-of-nutrition-sciences-and-food-technology.html

JAHSSP

http://jahssp.azaruniv.ac.ir/

http://dx.doi.org/10.22049/jahssp.2024.29888.1673

AY O

28. Mofrad SRN, Golpasandi H, Sakhaei MH, Khalafi
M. The effect of high intensity interval training on
inflammatory markers in patient with type 2 diabetes: a
systematic review and meta-analysis. Journal of Applied
Health Studies in Sport Physiology. 2022;9(2):123-37. [In
Persian]

29. Kalantar-Zadeh K, Kramer HM, Fouque D. High-
protein diet is bad for kidney health: unleashing the taboo.
Nephrology Dialysis Transplantation, 2020; 35(1): 1-4.

30. Jiang S, Ji S, Tang X, Wang T, Wang H, Meng X.
A comparison study on the therapeutic effect of high protein
diets based on pork protein versus soybean protein on obese
mice. Foods. 2022;11(9):1227.

31. Song S, Gao Y, Xia T, Zhou Y, Hooiveld GIJ,
Muller M, et al. Effects of high dietary chicken protein on
obesity development of rats fed high-fat diets. Journal of
Functional Foods. 2023;108:105713.

32. Pivovarova-Ramich O, Markova M, Weber D,
Sucher S, Hornemann S, Rudovich N, et al. Effects of diets
high in animal or plant protein on oxidative stress in
individuals with type 2 diabetes: A randomized clinical trial.
Redox Biology. 2020;29:101397.

33. De Carvalho FG, Justice JN, Freitas ECd,
Kershaw EE, Sparks LM. Adipose tissue quality in aging:
how structural and functional aspects of adipose tissue

impact skeletal muscle quality. Nutrients.
2019;11(11):2553.
34, Mu W-J, Zhu J-Y, Chen M, Guo L. Exercise-

mediated browning of white adipose tissue: its significance,
mechanism and effectiveness. International Journal of
Molecular Sciences. 2021;22(21):11512.

35. Krizan¢i¢ Bombek L, Cater M. Skeletal Muscle
Uncoupling Proteins in Mice Models of Obesity.
Metabolites. 2022;12(3):259.

36. Ropelle ER, Pauli JR, Fernandes MFA, Rocco SA,
Marin RM, Morari J, et al. A central role for neuronal AMP-
activated protein kinase (AMPK) and mammalian target of
rapamycin (mTOR) in high-protein diet-induced weight
loss. Diabetes. 2008;57(3):594-605.

37. Kawanishi N, Takagi K, Lee H-C, Nakano D,
Okuno T, Yokomizo T, et al. Endurance exercise training
and high-fat diet differentially affect composition of
diacylglycerol molecular species in rat skeletal muscle.
American Journal of Physiology-Regulatory, Integrative and
Comparative Physiology. 2018;314(6):R892-R901.

38. Lee J-J, Kim HA, Lee J. The effects of Brassica
juncea L. leaf extract on obesity and lipid profiles of rats fed
a high-fat/high-cholesterol diet. Nutrition Research and
Practice. 2018;12(4):298.

39. Jamali E, Asad MR, Rassouli A. The effect of
high-intensity interval training (HIIT) on resistin gene
expression in visceral adipose tissue in obese male rats.
International Journal of Applied Exercise Physiology.
2016;5(1): 2322-3537.

40. Hoydal MA, Wisleff U, Kemi OJ, Ellingsen O.
Running speed and maximal oxygen uptake in rats and mice:

Copyright ©The authors

ey OB g0 2 w23y 9 WD 9l cppe

15. Boss O. Uncoupling protein-3: a new member of
the mitoconndorial carrier family with tissue-specific
expression. FEBS Letters. 1997;39:408.

16. Yu XX, Mao W, Zhong A, Schow P, Brush J,
Sherwood S, et al. Characterization of novel UCP5/BMCP1
isoforms and differential regulation of UCP-4 and UCP-5
expression through dietary or temperature manipulation.
FAZEB Journal. 2000;14(11): 1611-1618.

17. Malli R, Graier WF. The role of mitochondria in
the activation/maintenance of SOCE: The contribution of
mitochondrial Ca 2+ uptake, mitochondrial motility, and
location to store-operated Ca 2+ entry. Advances in
Experimental Medicine and Biology. 2017; 993: 297-319.
18. Kim HJ, Seong JK. UCP2 KO mice exhibit
ameliorated obesity and inflammation induced by high-fat
diet feeding. BMB Reports. 2022;55(10):500.

19. Oliveira MS, Rheinheimer J, Moehlecke M,
Rodrigues M, Assmann TS, Leitdo CB, et al. UCP2, IL18,
and miR-133a-3p are dysregulated in subcutaneous adipose
tissue of patients with obesity. Molecular and Cellular
Endocrinology. 2020;509:110805.

20. Alivand M, Alipour B, Moradi S, Khaje-Bishak Y,
Alipour M. The review of the relationship between UCP2
and obesity: Focusing on inflammatory-obesity. New
Insights in Obesity: Genetics and Beyond. 2021;5(1):001-
13.

21. Yuan Z, Xiao-Wei L, Juan W, Xiu-Juan L, Nian-
Yun Z, Lei S. HIIT and MICT attenuate high-fat diet-
induced hepatic lipid accumulation and ER stress via the
PERK-ATF4-CHOP signaling pathway. Journal of
Physiology and Biochemistry. 2022;78(3):641-52.

22. Gonzalez-Gil AM, Elizondo-Montemayor L. The
role of exercise in the interplay between myokines,
hepatokines, osteokines, adipokines, and modulation of
inflammation for energy substrate redistribution and fat
mass loss: A Review. Nutrients. 2020;12(6):1899.

23. Callegari 10, Rocha GZ, Oliveira AG. Physical
exercise, health, and disease treatment: The role of
macrophages. Frontiers in Physiology. 2023;14:1061353.
24. Calcaterra V, Vandoni M, Rossi V, Berardo C,
Grazi R, Cordaro E, et al. Use of physical activity and
exercise to reduce inflammation in children and adolescents
with obesity. International Journal of Environmental
Research and Public Health. 2022;19(11):6908.

25. Rajar HA, Hashmi MA, Akhtar S, Amin U, John
A. The effect of high intensity interval training in reducing
the risk of cardiovascular diseases in obese type-I
individuals. Allied Medical Research Journal. 2023;1(2):86-
95.

26. Makki K, Froguel P, Wolowczuk I. Adipose tissue
in obesity-related inflammation and insulin resistance: cells,
cytokines, and chemokines. International Scholarly
Research Notices. 2013;2013(1):139239.

27. Kazemi A. Effect of high intensity interval
training on visceral and subcutaneous levels of MCP-1 and
plasma insulin and glucose in male rats. Razi Journal of
Medical Science. 2017; 23(152): 29-37. [In Persian]

Publisher: Azarbaijan Shahid Madani University



JAHSSP

http://jahssp.azaruniv.ac.ir/

http://dx.doi.org/10.22049/jahssp.2024.29888.1673

AND YO-AA(Y) VY NF ¥ L 5559 (65000 a8 5D (i yai5 (63 y0)5 Slllae ¢ Ko § g 3

fat diet and endurance training in rats: impact on whole-body
energy expenditure. Journal of Biological Chemistry.
2014;289(49):34129-40.

53. Koch C, Lowe C, Pretz D, Steger J, Williams L,
Tups A. High-fat diet induces leptin resistance in leptin-
deficient mice. Journal of Neuroendocrinology.
2014;26(2):58-67.

54. Tsukita S, Yamada T, Uno K, Takahashi K,
Kaneko K, Ishigaki Y, et al. Hepatic glucokinase modulates
obesity predisposition by regulating BAT thermogenesis via
neural signals. Cell Metabolism. 2012;16(6):825-32.

55. Rasyid H, Aman M, Lawrence GS. High-fat diet
increases the level of circulating monocyte chemoattractant
protein-1 in Wistar rats, independent of obesity. Annals of
Medicine and Surgery. 2021;65.

56. Decleves A-E, Mathew AV, Cunard R, Sharma K.
AMPK mediates the initiation of kidney disease induced by
a high-fat diet. Journal of the American Society of
Nephrology. 2011;22(10):1846-55.

57. Wang N, Guo J, Liu F, Wang M, Li C, Jia L, et al.
Depot-specific inflammation with decreased expression of
ATM2 in white adipose tissues induced by high-
margarine/lard intake. PLoS One. 2017;12(11):e0188007.
58. Mabharjan BR, McLennan SV, Yee C, Twigg SM,
Williams PF. The effect of a sustained high-fat diet on the
metabolism of white and brown adipose tissue and its impact
on insulin resistance: A selected time point cross-sectional
study. International Journal of Molecular Sciences.
2021;22(24):13639.

59. Vidal P, Baer LA, Félix-Soriano E, Yang FT,
Branch DA, Baskin KK, et al. Distinct effects of high-fat and
high-phosphate diet on glucose metabolism and the response
to voluntary exercise in male mice. Nutrients.
2022;14(6):1201.

60. Magalhdes A, Barra C, Borges A, Santos L. Diet
Modifications towards Restoration of Insulin Sensitivity and
Daily Insulin Fluctuations in Diabetes. Diabetology.
2022;3(4):606-14.

61. Jalo A, Helin JS, Hentild J, Nissinen TA, Honkala
SM, Heiskanen MA, et al. Mechanisms leading to increased
insulin-stimulated cerebral glucose uptake in obesity and
insulin resistance: A high-fat diet and exercise training
intervention PET study with rats (CROSRAT). Journal of
Functional Morphology and Kinesiology. 2024;9(2):58.

Copyright ©The authors

practical implications for exercise training. European
Journal of Preventive Cardiology. 2007;14(6):753-60.

41. Sanchez J. Insulin Sensitivity. Encyclopedia of
Behavioral Medicine: Springer; 2020. 1201-1202.
42, Supriya R, Delfan M, Saeidi A, Samaie SS, Al

Kiyumi MH, Escobar KA, et al. Spirulina supplementation
with high-intensity interval training decreases adipokines
levels and cardiovascular risk factors in men with obesity.
Nutrients. 2023;15(23):4891.

43, Medeiros CS, de Sousa Neto IV, Silva KKS,
Cantuaria APC, Rezende TMB, Franco OL, et al. The effects
of high-protein diet and resistance training on glucose
control and inflammatory profile of visceral adipose tissue
in rats. Nutrients. 2021;13(6):1969.

44, Stenkula KG, Erlanson-Albertsson C. Adipose
cell size: importance in health and disease. American Journal
of Physiology-Regulatory, Integrative and Comparative
Physiology. 2018;315(2):R284-R95.

45. Riyahi V, Morovvati H, Khosravi A. The effect of
12 weeks of aerobic training on the function of beta cells and
uncoupled protein 2 pancreas of diabetic obese rats. Journal
of Applied Health Studies in Sport Physiology.
2023;10(1):141-53. [In Persian]

46. Shirvani H, Rahmati-Ahmadabad S. The
combined effect of high intensity interval training and
flaxseed oil supplement on cardioprotection: by UCP2,
UCP3 and eNOS mRNA expression. Journal of Mazandaran
University of Medical Sciences. 2018;28(160):8-18. [In
Persian]

47. Ryu V, Watts AG, Xue B, Bartness TJ.
Bidirectional crosstalk between the sensory and sympathetic
motor systems innervating brown and white adipose tissue
in male Siberian hamsters. American Journal of Physiology-
Regulatory, Integrative and Comparative Physiology.
2017;312(3):R324-R37.

48. Lagzdina R, Rumaka M, Gersone G, Tretjakovs P.
Circulating levels of IL-8 and MCP-1 in healthy adults:
changes after an acute aerobic exercise and association with
body composition and energy metabolism. International
Journal of Molecular Sciences. 2023;24(19):14725.

49, Peymani M, Ghaedi K, Irani S, Nasr-Esfahani
MH. Peroxisome proliferator-activated receptor y activity is
required for appropriate cardiomyocyte differentiation. Cell
Journal (Yakhteh). 2016;18(2):221. [In Persian]

50. Pierelli G, Stanzione R, Forte M, Migliarino S,
Perelli M, Volpe M, et al. Uncoupling protein 2: a key player
and a potential therapeutic target in vascular diseases.
Oxidative Medicine  and  Cellular ~ Longevity.
2017;2017(1):7348372.

51. Nedergaard J, Golozoubova V, Matthias A, Asadi
A, Jacobsson A, Cannon B. UCP1: the only protein able to
mediate adaptive non-shivering thermogenesis and
metabolic inefficiency. Biochimica et Biophysica Acta
(BBA)-Bioenergetics. 2001;1504(1):82-106.

52. Wu MV, Bikopoulos G, Hung S, Ceddia RB.
Thermogenic capacity is antagonistically regulated in
classical brown and white subcutaneous fat depots by high

Publisher: Azarbaijan Shahid Madani University



