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Abstract

Background and purpose: In obesity, adipose tissue undergoes chronic inflammation and
dysregulated or ectopic angiogenesis. Exercise and dietary interventions are established strategies for
combating obesity. The present study aimed to investigate the effects of High-Intensity Interval Training
(HIT) and Alternate-Day Fasting (ADF) on the expression of angiogenic proteins in visceral adipose
tissue of rats fed a high-fat, high-fructose diet (HFFD).

Materials and methods: This experimental study was conducted using 40 male Sprague-
Dawley rats, which were randomly assigned to five groups (n = 8 per group): 1) Standard Diet (Con), 2)
High-Fat, High-Fructose Diet (HFFD),3) HFFD + HIIT, 4) HFFD + ADF, and 5) HFFD + HIIT + ADF.
The HIIT protocol was implemented five days per week and consisted of seven intervals of 4 minutes at
85-90% of the maximum running speed (Smax), interspersed with 2-minute recovery periods at 50% of
Smax. ADF was implemented on an every-other-day schedule throughout the intervention. The protein
expression levels of Vascular Endothelial Growth Factor A (VEGF-A) and Pigment Epithelium-Derived
Factor (PEDF) in visceral adipose tissue were measured using the Western blotting technique. Data were
analyzed using independent t-tests, one-way ANOVA, and Tukey’s post hoc test.

Results: The HFFD group exhibited a significant increase in body weight, whereas the HIIT,
ADF, and combined HIIT+ADF interventions resulted in significant weight reduction. The protein
expression levels of VEGF-A and PEDF were significantly reduced in the HFFD group (P< 0.05). In
contrast, the expression of PEDF was significantly elevated in the HFFD+HIIT, HFFD+ADF, and
HFFD+HIIT+ADF groups (P< 0.05). However, no significant differences were observed in VEGF-A
expression among the intervention groups (P> 0.05).

Conclusion: In summary, a high-fat, high-fructose diet (HFFD) leads to significant weight gain.
Conversely, HIIT, ADF, and their combination (HIIT+ADF) not only promote weight loss but also
appear to mitigate abnormal angiogenesis by enhancing PEDF protein expression in visceral adipose
tissue. This increase in PEDF s likely associated with improved adipose tissue function.

Keywords: angiogenesis, visceral fat, interval training, intermittent fasting

J Mazandaran Univ Med Sci 2025; 35 (244): 27-41 (Persian).

Corresponding Author: Mousa Khalafi - Department of Sports Sciences, Faculty of Humanities, Kashan University, Kashan,
Iran. (E-mail: mousa.khalafi@kashanu.ac.ir)

27


http://jmums.mazums.ac.ir/article-1-21365-en.html

[ Downloaded from jmums.mazums.ac.ir on 2025-12-12 ]

ops—3jls (— S ib)y ey—Lc ol Bl alas

(PV=11)  NCele Jlw  Calngus)l IS slads  @ady § (W 0)9s

ubo Ja jgg S syla ajgy g (HIT) abj wadb b gl (o pai b
Lo O pbbal e Gsl g jijgafil ke (uisgp ylo p [ADF]

j9i5g)6 p gupp lac pjjl aasei Gaj

" Olghe Jla>lgllae Juic ol
TGS pwge
"o o> B )le

23S

2505 s Sl s e Lol (o5 &85 35557 5 Ol slars o 3L Bl 3 103 9 il
SHIT) L5 Sas U ools o ed S0 oy da b il andllas diman Sla L glabli slas al, 51 olde
=50 Ladis Cov s plisl oz C3L 65350 5T Sl oSsn lsme » (ADF) Ol )3 55, &S5 (6513 0555
Wby plonil (HFFD) 55555 5 5 0 g 2lde

(a5, s Bolat b 4y Jsls &S|l O, Fr o m Rash ol plail S agha) 9 Slge
Cp e b o35 HFFDAHIIT+ADF 5 HFFD+ADF HFFD+HIIT HFFD «(Con) 3,1kl o1dé o5,
sl Gla s 5 (Smax) Ce pw ST o )5 AD— 40 Sl b (gl aads ¥ sls Vs g amam s 59, @HIIT
iy Jale s Ol s e |l Ol 53 555 &S0 Oy 0 4 55 ADF A plasil SMAX Lo )3 O+ L (glads ¥
50 ol 55 O 0 s &S5 L (PEDF) (61 1o p syl 1 Geie oo 5 (VEGR-A) T 35,6 JLbs 5.t
A oslinul baesls Lo 5 4525 6l (S5 ot 05057 5 ANOVA ¢ Jas

Gl s Ol s 05 L2l 4 sie HITHADF s ADF HIT 5055 ls gne il 31 4 e HFFD dadidly
5 HFFD+ADF HFFD+HIIT 05 5 5 .(P<+/+0) sl 0lis g ls gme talS HFFD o5 8 ,5 PEDF 5 VEGF-A
VEGF-A 555 Ol opl 3505 L.(P<+/+0) 3L (gl gme il 31 PEDF 25s 0L (HFFD+HIT+ADF) .S 5
(P> /00) Sl 61> gme sl alst e gla o5 S o

HIT+ADF 5 ADF HIIT ¢ Jlis 53 355 00 035 (il 31 & e HFFD o i 0l 5 o ¢ a3 sz liitos]
35t b Yoot 75 55 on bl 55T 2817 0 pmte Ul PEDF (255 Oy I3 b 055 p2alS  osdle

.C_,.w‘@‘fus&ﬁ-@l.::‘}gw

sl )15 0555 edlg sl o s e glisl o 555 5T 1S s 8 jlg

E-mail: mousa.khalafi@kashanu.ac.ir Ol QLIS (OLaST of2315 il p gl 0ISCid5 o205 (OLIS= HAA (Sug0 ghasse ilgo
1 OIS (OB o1 (il p sl adSTls ¢ 5555 p ke 058 ¢ 5505 5 5) 250 ) (ol )IS )

Ol O™ L ol ¢ Ll ool oSl ¢ 5555 p ke 03,5 Slisleul Y

O 015 0 ) (ST 3 p sl o815 (6511 58 s o 0 5505 S5 3058 1S5 Y

VERYNYNY D eyl VERYVIYO ool S plor sl ) VERYNAR D Sal s s

11€0 1€ Cuiligaan)) PICIE d)Lails «oaiy § (W )93 oOhdjls Sib}y eole oG alas PA


http://jmums.mazums.ac.ir/article-1-21365-en.html

[ Downloaded from jmums.mazums.ac.ir on 2025-12-12 ]

uljSnm g lghe I aalgllax Jsis ol

Cand WAT S5 555 5T 5 Vs o8 (ol 508
4SSl opl gl (N = Y9550 S s T Uiy 4
N B O3S Tl oo 2ol B s 53T o b 51
Jeol g8 53 b s o 55T (658 20 4 457 0T
e oLsd alS Ll ol 5l el 65 e
Lalie 53 Bl la e (2 3L 53 O3S
(bl ol 5 (0358 ool e Jlo S 059 L sla i 4o
Sl (oS 5 0) O3S 3 508 4 (B 555057
S S b ) S a5 h o e o7
T SIS SQL I STGRDW ) PN g GO | i) .
@S 5T LS or 55057 GaeS e
= Sl |y Ol 0T Coblate 5 S suls
G55 Jolw abawl g 5590 5T el y ol 55 dias zalS
S35 oI35l 5 655 5T &S e Jolse o
&G i Gy b 11, S8k b8 oS s ps e IS
s 5 5553 e gl S s ldals
N K el A OF MU s o a5 (535 50 5T
s b Slas Il 6l ool GlaodiS s
W ol LODE3 T 55 S smls Ol o 1)
5ol LS g sll Losde WAT S suls 545
L S sl S 8oy Sl L Ll o 5,0
o=l o (W aR)s gl 3l L;Lac':.ul.i 4 2w HIF
LHIF-1aS aias o 0l LS sla gy il
IsSL Al ol ojog&tﬁmﬁ:) Sl
Ady ,eSLs (Vegf-A) 55,0 JWgu s,
e300, 8 «(FOf) Y 5 (FOFL) \ — oudlys o
IS sa VEGF sl 05,8 &S (KdD) LS o)
= 3 (Pecaml) \ JLU 5001 J ghos 5 S5 o ki
Gl EebA 58 o) ol dile La oS smlw 5,
S ESVEGF bl ol 53 358 (o0 55557 1T 3
S35 5T Ce 0 diS @ 1o o SIS 5 S 5B
3655 25 15 Il I sl s 5 iS5
S L s 4 gunn o BB B3 sk

5 Wil slad sl 5l g )ls Swan 5 0s

4o 2o

5 o 0 0Ll (S5 0 50 ol 05 5
S 8l 2 IS T gy 5 5
L sl s Blr (el 4015 0T S3lse
3 $3bs 65 ol ¢ Bl 55 (Y )s S oLl oT L
(o 4 b o S oh 1 ,les B pae 5
23S o st S5 O3 e 4y o (5551 L)
05 BLSI ool slacle 51 (S 0l 5 g0 ¢ bl o
S an (SIS iz slalde 03,5 1) (Sl
PSS o BN 5 G sl g/l Sk 0L
Jslse 51 (S Ol o Sl ol a4 (F ) Cadls
Slasles s LM 51 (gl sl ol sl o
(Sl 5 S gy oz 510 S 01 5L e e
(o =S (T2DM) 55 ¢ 55 s—be il
gl s o Al (G B sl
B S SRR LIE I IS PR - YT NG| 10
553 Jalse 5§ b g ol Sy 3 wtig gl
Sl st 1, Kk 5 Sl s Ll e daly ol s
ool s ol oSS Sl U bl js ¥
Ao e Sl (Bl oS S a5 L et
Ceul ol jon O 53 (WAT) L o o 8L VJLWU 3
Aoy b Lot 55 b a WAT olisl mad
ANl LS 53 (65 S oD oS

(P95 b)) e (2l 31 L Bl 5o WAT i)
F0 (63 o) LOT sl 5l 3L 5 e sosT
e by Gl o S3L SUls 5 OV Wdas s
o=l 2 Ol il 5 0T (B0 by am 53U
Gl LS el (53525 (ol &85 (ol
L 55051 0Nl G5 ,mb o2 3L Sl g g2
Sla &8 S ol At T3 b gl )Y Sl 5 5
gt e Sl 2 5o (B9 e Sl o S5
Jsb P WAT (55555 5T b b 4 Ll 0k p glae
Wl ol bl o 131 08 L 53 Gl anes
AV OB W b amlie s WAT (350 K (S5

P9 110 IC Culigaa)l PICIC a)lauds @iy g (w 2)93

Ohjls S}y ool slGib3)y alas


http://jmums.mazums.ac.ir/article-1-21365-en.html

[ Downloaded from jmums.mazums.ac.ir on 2025-12-12 ]

0les 1330) Gy )13 039) 9 (HIT) 3L b b (9l5 pred Wi

Lyl SIS 1 o Cibgla S5y 5 2T
ot (Spbe bl g 3L VEGE 0L i
WAT 555057 Jodss Eelb (FY— FRIUS o W
DB g o gl e glie 3 ggs s WAT (il (lo 5
(P13 5 o0 Ol
SH2055) 5 0508 ped Ao lil &S bolen
SLaai pi WAT 53555 5T fwi L il i o0 sline
(oles GHIT s LT oSl Lol cisl 5o Gl
5o HIT o s S5 L s el 4 )ls o5,
@I 0255 3L b Ol jen L85 s ogline ol
33557 s W (HRHF) 558575 5 5 5
S o Sl ol b i 2S5l il WAT
(ol oml il oS gy p 0SB s b S
Gl oy HIT a5 50 Sl fagsy s
Ols ~ADF LHIT S5 s ADF ¢ 55 5l sl
il > o 3LPEDF 5 VEGF-A -5,

L3 8 b, HFHF Lads cou glas,

59, 9 ol
b L adllas SO Sl ey
3 ot o5 ol el IS 05 5L 0505 T
95— 53 B e maS oy Sl
! — A5 oLl (IR UT.SPORT.REC.1403.021)
03 Jals Sl 31551 58w Fr candllas oyl
e Ol ) ) sy sl 5, S VAR L g
Lus (6 g Sl S sla i 53 by s §
OIS Sl a3 VY EY clos Jols Jass Lol 5 5
e Casby s Sl VYVY (S b s sl 4
S 5 T an 33T w iws ol et 4 U5 O

-A—:-’;rﬁ‘}&)dﬂj@

stoS
o) guaies Jold (e al> o U,J;l

LQJ}JQ&UMG);@Q‘;JWQ)M

Al Il ol L OA )5l 0 5 (g2 5L
Sl 08 Ly 5 OLIIWAT ,> MRNA VEGF ,5lie
0Bl 0l 5158 oY Glad g 4 S
SF555TH8 Jol s e85 55T SeS e flie 5o
poligl 5l G ) sS55I 05 e 457U yls 5
5 2 e g 5 5 ¢ il 0 5T (PEDF) (glail &S,
L o8 55 PEDF ¢ al 55 3 5 6l o el S
T LI 150553 65555748 o sl 5l (5ol
Sarlge sl o e 5 Sl (655 G55 5TAS
N = Y93 95 oo JUL gt slad sl
3 2509 Dby el ez Sl (p9)ls 8 SIS
5 Sl sl Sleos sl glasaly (e w55
0=V Lied 0T L Bl s sla (glew 5 (6, K
SW5e posde 5l LaTHIS" (gl alst e ¢ 5555 o 05
Cosglae talS ule By e A5 Ced il 3
s e O 3y Sd e 3 g g e
— P05 e 055 e RS 5 e ed s S
@ e (55505 (S S Sl 0l shae o gNe 45 (VA
e iy ) 53 M- 58 e o 3L ol T s
J—ol 58 IVEGF usle 555505 Jolse o b (5505
B g pmd 58S 4 pte UCP-1 usle OuLs (glo o3
s 23 eI WAT 555 5T 2l 315 Sl
(o= ol 03 (M YE)s ph s HFD Lold Bl sl
I g i bawslie )3 (HIIT) Gids 3 ols o ped
S5 2k 03 S S bk b (S s
3V ONAS e 3wl g 3l oy 5 55w 5T OL
13555 059 00 (0555 (p s 0 gDe (YOYA
odd B e oS e Ol e 4 5 ogline
613055, OT 0SS olie sl S e 3l e
I 5 oY an0 (651305, (ADF) Ol 53 55, S
e il o ((TRE) glej Cusgdoea L, 55
5l Jge o035 5 0055 AR 55 0T g 5 )
o e (- PNl ol or (S ke B oD 3 50 b

=S5 059,48 Wil esls QL andllae ki ol

11€0 1€ Cailngaas)) PICIC d)lash «@aiy § ¢ 2)gs

Ohjls Sy eole oGRS dlas Wo


http://jmums.mazums.ac.ir/article-1-21365-en.html

[ Downloaded from jmums.mazums.ac.ir on 2025-12-12 ]

uljSnm g lghe I aalgllax Jsis ol

Laads)r Sl w o) cad sl a a0 s (F7 FOLS
PN S PR I ) DGy
23 Y Olje ay aids 55 a Sl 4 Jos 5 o e
S 3L anlsl Sla3 b arsy ol omdl o il 31 4dds
OT 33 48 g8 A5 55 Ol 95 aalsl 4 536 L,
5403 S o S 3,58, Ol e s ekilely O

i o dloen OT il 0 o3 ks

HIT (i S
A o L5 SMAX s 1 ey HIT O a5
Ll Gt SLlllan il 53 (08 S35
ol Coals a5 5 Ol Y Jalh asli ol (RO V) A
S50 = OMaX dow ;3 AD— & Sus L O g aass F
Oyl Sl il adds 93 gam 50 bl fues 5
oM gt A o e DS s 5 STAX L 55 O
IS0l e k58 58 5l o es L, blsl
Sode 4 HIT 05 8 53y 535 4ids 0V Ly i oy o
JUis 1y S5, onl 4etn 3 and 0 3luwi 4 5 4xin VY
5035 0 8 4ids N op et e izl 53k

i g planil 03575 5 42830 OT (gl 5o

“"}"’"JJJTC*?'
et aede o TS ey el i e
S8l g 8 ROy g plol L ()15 ol pod (2555
Vo) il 6l i S S L) Il ad g
05 r VO) el 5 (p 5 S o sl @ p 5 e
Slie 095 G205 Soen (rf:—&-(ﬂ slila
oLl L o) oS (8 3l g i 8
aabls ol o 3L 5 b B8 5
PRENIEY P G W Py PRV URPIC (FONE
Ele 55 5 s e O 9 ,Ses 4o B
5 Sl gl o 6l LS gad s § daeie
S8 Sl amys-Ar slas b sm b3 (J5SUs

@MHE 235058 «(CON) 3 el e 35 05,5
s =) 03,5 «(HFFD) 55555 5 5 o
DA Ly (o9lS e ol pen 4 55895 5 5 O
s s s o5, (HFFD+HIIT) 5L

(HFFDHHIIT) Csle (5130555 ol yod 43 55575 5
ol ad 0 5558 555 5 g M 55 008
Cslme olejsy 5 ola s DA L ol o S
0335 &S5 31 o o Cmol 03 35 (HFFD+HIIT+ADF)
oBislesT Lamn Ly (s 35 5 2 LaT (slasia 5
5,8 S5l e L ol s olals o &als
A 3T a0 s Jwes 5 655 2 Sled
HIT lyls glaes 8 sl (SMaX) Od 3 S s
Sl 40 Lo s S cpl SMAX e Sl dmy i LI,
O3 G ed A aia VY Do @y g amis )5 5, 0
Gloos S calstlie oy 55 Jsb o dmsls , Les 5 (g3,
e 5 OT au 0l 53 53, €S0 &y s0 4o ADF L
‘fdfwd.)v\.;l.;otzﬂ‘))jj)&j Lzils JolS o s
3> HIT &1)_“545@11554_3(:}\1..4_;:}{\.1}«4{

A plandl S 4y ( 2s OLe Sl

(HFFD) 35780 5 < (2 MHE i
a5 Jols HFFD (glaos 5 5 as clalds
Sldp s Y )L'ﬁi?jj__tj\..\_.p):\" ¢6_U:7>)'| ngjﬂ
Aoy Ve Lsﬂ;@.\@;h\ﬂg&b.&.@;.:f

EST-ST

Loy L glde o3, 5l Con o5 8 o,
NWE TR SRR PRW S O IV ST A RS P

ks o RS 5y

(SMaX) Oebs 35 Ca s STl 3557 5 O 9 5T
bl HIT s laes 5 gl SMax & ga 3T

ol i Sln % 33 5550 Sla |5y

W 11€0 1€ Cuiligaan)) PICIC d)Lasd «@aiy § (b 2)9s

Ohjls S}y ool slGib3)y alas


http://jmums.mazums.ac.ir/article-1-21365-en.html

[ Downloaded from jmums.mazums.ac.ir on 2025-12-12 ]

0les 1330) Gy )13 039) 9 (HIT) 3L b b (9l5 pred Wi

soleT by
ol iags gbaesls Lo i ) shie 4
Csata g At el YE 3 SPSS i Ble S )
O 03T 3l eslinul L (b slaesls Lg))Tc;.q- 3 o
Laosls Jla s 55 05 ol 35 5 50l 57 T
e Sy g arlaesls e L3515 ) 3500
Llod 4 P< 4 /00 i n ks 1) Hlne o it
AUT Jis t51as a3 5 L5 55 s gne gybT
G557 50T ds 40 5 (ANOVA) aaly ¢ uibsls
=S Al Jolos 5 an 2 6l (S 55 oS
S5l 3 eliial Ly 55 La yhs sad A5 oslic

.LLs a5 Graphpad Prism 6.0

sl

('_35) azan VY S sl glis Laesls J o @L“.S
L aslie 55 (HFFD) 555758 1 5 2 2148
Sasme Al Bl 4 e (CONY s lbilal glde o5
e e i 3 (P=2/vv V) 54 b 0 Lol 09
53 (HIT+ADF) 55 .l S 5 s ADF o5, HIT
Lo 055 la e ialS 4y s HFFD L anylis
cadstie adn VY 51 oo (P=2/v2V) 558 0
&3 HITHADF 05,8 sHIT o a3 05,5 o
au (P=2/2FF) s, 559 Las, 09 53 ols g
035 LS (HITHADF) .S 505, 8 « 5yl
Slres, S b, 055 e opl s bsyls 65 e
314 (5,15 —me 5 HIIT+ADF 3 ADF
(Y o plads 4l 5a3) (P>4/40)

$ADF HIIT o o5 ((HFFD) Lo ol 51
VEGF-A 53, O p» (HIT+ADF) 55 ol oS 5
2N O s A&leT iy, leslizal L PEDF
sl s S a5 (Bskas Sl L) Oy e b (S5
55555 s p e ey S Bl Ol bl s
e (CON) > fuilil o148 0255 L awslis 5> (HFFD)

I C«—QLVEGF'A ;s-;:sﬁj’e UL.." .)bu"’u U:"AL{ 4

S O s
Seglbit o S3L by 5 ol el
ALY e e+ /40 Jold & i oslizal RIPA 3L,
(et Ao AST Y e e V0 (A 1 PH L) s 5
deo3 /) 5 SDS Asys ) EGTA dis s v/
Voo iei gl 455 (ROCHE) 58 55, 5T
S ST sl pL Ay K00 r 3 i p S L
oo 5 A8 O e gt 205 50 G S enlinal L
3 8 31§ il a5 B (gles > aids ¥
L(rfroilldsw, b0) ,lsdlomse 5 suts Sl 53 & 50d yuses
e @:\fdzjhu a=55F glos gaads ;u VY v 4o
CLle 5 55T par (o) mle ki sk il 4iSs Ve
Rad-) 5 s oS s S8 5 onlinnl L OT 55
2 (e 00 7 5e sk 3) i (5,5 o511 (Bio
2R 03 e iz Y gl jo badisad (Zulg
L) o s 0Tty O gad i (6,1
S = 5 Y e e 00) 3L K s s
NWRTA R ¢wa~J:.~:).>r.iu\.wM)> Y OSsyta
dos /00 5 sl -l Loy 0 oJg S
D Sie 4 o g o 3 8 boslina (T U550
ol osbanlagssy ol b idd ol o aids
J5 50585 7 Sl eslinul Ly La g Lt o) 51
Fobos i Lie 4 5o 1 SDS - T ST
D3BSA L 30 jy Cele ) G a Lis LU e
Tween (TBST) dewoys +/Y 5 ms - odd 3L ol
(Vi) adyl L;:Q&T)swj.x.i:;:jMZO
o n Sy 4 56 6oL T 53 05l S s S
(l_?d\TBST Ao )3 ¥ o BU1 gles Ho akds 70 Ds
st 2T oSG Sleslinal Uy a5y 23 8
L (6 smis Jdo g an i 5 (BCL) il )
gl glagal 5T s ¢ ,5 e 51l Image J S ples
«( Elabscience®, E-AB-67255) VEGF-A 4 4G
3-Actin s (SANTA CRUZ, sc-390172) PEDF

Ll o5kl ( SANTA CRUZ, sc-517582)

11€0 1€ Cailngaas)) PICIC d)lash «@aiy § ¢ 2)gs

Ohjls (3 eole alGibi)s dlas wp


http://jmums.mazums.ac.ir/article-1-21365-en.html

[ Downloaded from jmums.mazums.ac.ir on 2025-12-12 ]

uljSnm g lghe I aalgllax Jsis ol

Moy dr 5 Sy (00 3L (Bl Lol 0 )
sz D3l Jote Ll d ol 53 o (I S
o Olan U 3 (55,0 00 &8 Sl ol 05800
gl (S spls am 53 bl B8 Ly e
st 5 (Al g gl by o pthels Jolws
DRl L a8 s st el o il s Slas
5 Shos Nt Ol g0 LN Sl 0 ot 2 sl oo 5l
N335 Ll Sl 35T L o il
32 et 3 (SO VEGF-A dlawly ol 53 ()30
PEDF ¢ Jolis 55 .l (535557 Jolse (75l
b 55 m 5T Al sl s B (K
Lyl s s s aer glas Shas oS il o 7
23S Gl S meals S50 5 (S5
(B Nl (655,06 S5 5557 5 6
ia VY O e o 313 0L 5 ey gl
caslin 3 (HFFD) 5555753 1 5 0 1 e 25,
polie s me talSTL(Con) JLe ;3 olde =L
53Tl ckaly ol 53 oGl ol o VEGF-A 255
S s oy 5 (695 Ol s 4 VEGF-A &5 35 8 e
S35 Sl s8 5 55 5T A euS o B
@A DB e (Gl Ll b 5 el 0k (S e
Lol i ol 5 b o il 31 Bl 55T 53 (WTG)
248 3 b e LalewsdT (Bs i ple 4 e 3
S8 Sl 5 A (S als 1Bl 4 e Sl
sl gl (Jsts 35 w5 48 358 o oz 3L
alie SialS opl s ()l (S plie Y
HFFD olae oLiol > 5L VEGF-A 255y,
3 dal 5 ol pon 5550 5T AT 5 Cineds b Yz
5Pl (S spla ol ) adle S a5
R 3 G S bl Gl (0 3L 5
(-L>_=$\ 4SS Cwl ol 00y Olas Sladlas 1 (g law 4o
Jolos RIS 0005 e e 5 ladss OO

J"“)}-ﬂ BER(a% Il a‘J«A A &:«3‘4 ngjﬁ.}T

HIT o o copl 55mm 5 b (P2 /0¥ 555 0 olis|
L awslis > (HITHADF) 55 sl oS 5 5 ADF o5,
53, Ol N3 (ne b Sl 131 4 e HFFD

(P>4/40) 355 0 Sy slim| VEGF-A

450 - -

400 } | * |

=
— 350 E
S
‘s 300 f T
=
250 l
200 T T T T T
<> & « <
S I
& I &
& <& S
2K = o<
&
Groups

Calides gla n};p Loy 059 Ot 1Y 0slols 519 g
el ﬁj) HFFD s likenl slds ﬁjj Con ¢ jia g5

ADF oL oud b gl o s HIT cj}{}}j‘}gﬁﬂ.

Dl gme SolE aias LS e Ol IYRTIRC NS

33 (HFFD) (Sl oS sl Olis laasl ¢yl posdle
oS 4 e (CoN) 5kl gIE 055 b anslis
3gh oo plicl o2 CSLPEDF o5 Ol Hls e
SADF HIT o, o5 lie 53 .(P=+/0 1Y)
Ol yls gma il 31 LHFFD L awslae 55 HIIT+ADF
) Sl ol e slis! o > 5L PEDF 5
LY oyles jIs50) (P=v/e oY gP=2/0) P=2/ery

l

‘ > s wx
— §_
£38 1.0
T it L
i3
§2
i2o0s
&
£
0.0
SO & & & SO & & &
FES P ® FER L
FLS LLES
EE S EE S
& &
Groups Groups

il PEDF 5 VEGF-A 155, 0l Slais 1Y oleds 5loged
250 00N (rags Calse o 03 8 53 b Oy gLl o
GESspn s wn @M w5y HFFD ojlibul 4l
32 555 S5 ol o5 ADF b Sds b ool o es HIIT

Dls fme Sogl& edas O i Ol

W 11€0 1€ Cuiligaan)) PICIC d)Lasd «@aiy § (b 2)9s

Ohjls S}y ool slGib3)y alas


http://jmums.mazums.ac.ir/article-1-21365-en.html

[ Downloaded from jmums.mazums.ac.ir on 2025-12-12 ]

0les 1330) Gy )13 039) 9 (HIT) 3L b b (9l5 pred Wi

o 23 2lde | VEGF 05 0l 53 5 (Y+\V)
e G 53 J S S HIIT MICT slaey &
OIS S odalin gyl (ae ,ud i 3155 5
SHIT 55 ) p L5 (YA 01, 5 0Uls 3
Sl 5 g, 5 L VEGF o5 ol » MICT
IS5 03 Slros ;S s (6ol e sl
slee ol gla 4l b guenli .0 ST o taline
psls s dmms 45 Wals LS (Y2 YY) oL,
5T 550 055 Sacinr 2alS & s )8
23 e (V)3 5 o WAT 3555 5T ol 531
L3l Ol 35 (YY) 0, s sHua o K5 tass
s youa VEGF jslae il 531 L ADF azin V9 45
el JY5 51005 58 s WAT 55557 2ol 53
g5 0l Yzt 5515 ADF (sliuly 55 el e
248 3,8 a5 0T Olej s 56513055
Codgdome 005y § 55 (YY) O s Lee andllas
d‘,la}j(\"\'\)ob&«.hjHuaA;JUa.aJJ)Jﬁr)‘V\A
(=30 =S S o S Y sb Golse55, 0050
Dy ol sy Sl 5 Dl i Sl
L OlsS e Sl asi gla el S5
05,5 3PEDF w5y, pslis yls as jialS
N3 mn Gl 731 e a5 CON L aslie 53 HFFD
SADF HIIT 05,5 4w ,a ;sPEDF 55, sl
05,8 L awlin 3 (HIIT+ADF) 53 ool S 5
Sla sl L, sl jtassy mls S o)Wl HFFD
sl L aS (Yo Y ) 0, 5 S o Ea5%
=) = PEDF (5,l5 e 5 b 4 HICT SHIIT
(YY) 01, Ken sDUggan clas oo i8S 1, sy
PEDF MICT il 55 (513 gnn 5beT i ot oS
(Y+19) O,LSea 5 Duggan .or #Mass S odalie
SMICT glres, § ;5PEDF ,ls e jialS 4S
ondtbﬁj,,@ﬂg;}@l& ﬁjj
Iy Lo g smanl opl Of g3 Lo (0P sl guanl L5 S

S 5 Dl o 55 (Ol g/ L) (G5 5T £ 5 L

35 ol e S 5 SADF HIT o o5 Sl
2l 55 (Gyls ae il 31 ol g5 (HIT+ADF)
L aadis S gls &y oli| o> 5L VEGF-A
ol iagis 4l L paenl .S slowl HFFD
o S Ll OLas (Y1) 0, 5 (Kb o
A3 4 e (MICT) Lo e S L 65158 (2505
clas) glisl oa CULVEGE jslis Hls jne
OLSKen 5 S o (P55 o HFD L ol (Bl
amam VY UT aslie U 6,505 i gsy 5 (YeY0)
313 QL HIT 5 (HICT) 5L Sl b g sl oy
wobe Rl 8l e (B5)5 n el 0seh 53 A S
Yzt .03 5 n olin| o 3L VEGF 2555,
L0l ) bl g 51 e ol gl OO
dﬁ,_asauj@g'w_lsl.u O glde ﬁjj &
I8 0255 LT aadllas 55 871 5 S a5 (5505
ol sty 53 g s T 555 HFD B0 il
OSKen 5 S o L5 03 S i HFFD
g La 5 ga 3T Odany 5l oy 3 55 adlllae 53 2 5o
@Mt a5y L HFD gl o) ¢ Sla el
s J b 53 9550 esls a5 (Con) s,k
s, bl addlls 55 5 L5, Con CISERIET
HFFD L ADF SHIT U ol o ias3 (slgs! b 14z
ool sl Sy e dle oy L Sesls asdn
SLOT 5348 5 5 M0 s pol- aalllas AR5
23S ol bts a8 51,8 b5l s, 285,
i Sl | ST 0T e,
s mls Wl ol Lo odd o551 sl
s23len (Y2 YY) O, 5 sl laasl L Lol
et (T VA) 01, 5 0Lls 5 5 (YY) 0, Kes
s 53 (YAYY) 01l 5 sl w (FA— 04)5 5
VEGF-A 35 0Ls m ADF sHIT 36 ), Lags
Oz y3 8ly 5 ol e glal) s dlise 3L
Gols mme gl i i laos S s VEGF-A
OLLSes 5 (slas (o (PN S odal i

11€0 1€ Cuiligaan)) PICIE jlash «@aiy § (w29

oOhdjls Sibb)y eole oGS alas wic


http://jmums.mazums.ac.ir/article-1-21365-en.html

[ Downloaded from jmums.mazums.ac.ir on 2025-12-12 ]

uljSnm g lghe I aalgllax Jsis ol

i 48 Sl 303 0L Ol sl o 2 slad sl
Ve 5 SKssT b5 5l 5 i ) ks PEDF
23 Wl (08 ) Cwl VEGF =l 5 5l 5 oy =
PEDF 5, polie J2alS 5l s bl iagsy
o blaul i HFFD 05 8 55 Slisl oo dL
SLagmint 525 o5 Sl bl i 55 S 0 8
brn§ G345 Loy b o 3L S (G, olde
Sl Rl 81 0T a5 55 5T (el Aol
Sl Ll o s (b0, lal 5 el 5l iy S sb Ok
ol o e e Sb a8 e e b 55T
o=l S VEGE 5L 055 (b 2558 Ll jo Ll 55 oo
L e W ;K5 5 DLl (S a5 ol
S5 dal o oeias DL S 355 o o] et
Ul 55557 a8 opl Gl el cpl .80 POl
ALy BB Sl e tre g )5 55 (@35> b
Jlge PEDF ile 555 5051 s Julgo i 5 A 5
B Al i e Bl L S 550 e
oS Wl o3l OLES 35 (s asdllan 55 Tl 5,05 Sl ghean
3 3 e—d il 31 EeLATGL =5 L, PEDF
AR 0345 Bl Ll 53 o el 4y Sl
g palae la(ime I B Al Ry 4Bl
$ADF HIT 4oz ,5 olisl > oL PEDF
e 4Bl b guanl s (HITHADF) 55 ol S 5
L33 OLas (Y41 F) 01, Ken 5 Duggan « sl axlae
PEDF ,ls (ine J2alS L (5555 oped ol VY &7
OLLSKea 5 Duggan .6r $NCwl bas o g i 8
55005 el AU a6 SRy 5o (YOIF)
Bl 0L 55557 Sl pasls polie oM 055
ﬁj)abf,so,',ﬂljai,u;bowj.\;:}'l.sj__
ssbas Gl b (Bos e S S s e
Pl of par O35 53 8 PEDF 28 L (gL
MICT &8 sl olas (Y4 14) o, 5 She s
(P2 PEDF ,5Las 5 s, il S 4 >

ﬂjh))(*'Y')Q\)@jdﬁsmuﬁr&

@ 5y =S el 050 g oDl ed 0L
sl fg, Ot 5 (Sl sl meslin il s, 5
slas Shee l,3 PEDF .coils Ly je dal.ﬁ:.ib)'T
F55m23T 3 Sty gl a8 el (e
ormen 5 S ol Ll (555,50 (L) Sy 55T
Jolis 03 5 Sl (555557 A (58 oS (i &
Jln ¢S50 5T GladS oun 5 mwwg 035k es
b la, 556 Ks b anslia s (o (T
5 Ol il 2 g a0 5 5 A5l 150955 5552 5T
JUb sl la d b & rlge slgn 3 ol 55T
=ila b S Hle ol LYY syl (6,5 e LS
@YU AL il 03 28 glas Shas 5 ba = Jleb
S S s Gaota Ol (e Gl
S b o ol 58 caly cpl 53 asls b g les
Ol g S sl (o 2 ) edb 52 i PEDF
o gl 4o Caglie Eel g LS o LA e g0
a5 3, LYV F) 0LSen 5 Lakeland 555
5 P 2L (S sula LPEDF 05y L e
PEDF 45" a5 S a1 (gal s ¢ 2 sl o glin
Cob B8 el )5 Slodkes 2B (g 5l o G2k
LSS L S i Ik s e
Sl 3 22 PEDF 5l i 5 5 U8 oo W
Sl o5 eo)das RIS (o s Llg o
SP G D 5 A s, 0 ad p ) Yz
s AL Gl e 5T S (28 8
= wbuile olalool jo o s an (ol Ly
it sd w0 5 o lad s 09l
C5m3T Srm Cad Sss oz plos il (B30
¢ (FGF) (bl b Ay )5S e Sl (65L5
3V o 5T o gl Ay 5 S (ST
c_ﬁ;f\dmdﬂc;z;bVEGF-A o Sl g
A V) A o JSCi5 1y 65555 i il
oS g ¢S 55 PEDF Ji o,Lil 457 55 bilea

oy olallas g ol 35531 ol 615045

wo 11€0 1€ Cuiligaan)) PICIC d)Lasd «@aiy § (b 2)9s

Ohjls S}y ool slGib3)y alas


http://jmums.mazums.ac.ir/article-1-21365-en.html

[ Downloaded from jmums.mazums.ac.ir on 2025-12-12 ]

0les 1330) Gy )13 039) 9 (HIT) 3L b b (9l5 pred Wi

(sl i 53 Ll en g ol jen (g en 5 RS
ol s Al s il 53T 55 WTG o
L) 53) W i (glas S L (555557 4 Jolpo
drwr g ameS 53 5 3555 anw s 5l Al 5 oo (PEDF
S Cmilas o 55T
oS 2,5 blinal oo Ol 5 n cf somes 5
Yaz! HIT+ADF I .S 5 o525 4 s ADF HIIT

S S 3 il o L 55T fuw b Ll
Csilos (394>~ UHFFD Ladss J4b s o7 VJL»U

ol C‘)Y oJ..iT BE Lg‘;&:: Oolad s 6L‘wa ng.‘ ‘)J.AS

Ayl lii )8 4l 0L s S, e oyl
Cuy.\;_wmmsa\iuu 5508 &5 ph aak
S Lo anlllas ol gl ol dnl 5 5 457 (ool

.v.:.lL».Zo.A EEPRE u;‘)f @ s S

References
1. Arner E, Forrest AR, Ehrlund A, Mejhert N,

Itoh M, Kawaji H, et al. Ceruloplasmin is a
novel adipokine which is overexpressed in
adipose tissue of obese subjects and in
obesity associated cancer cells. PLoS One
2014; 9(3): €80274. PMID: 24676332.

2. Haslam DW, James WP. Obesity. Lancet
2005; 366(9492): 1197-1200. PMID:
161987609.

3. Rolls ET. Sensory processing in the brain
related to the control of food intake. Proc
Nutr Soc 2007; 66(1): 96-112. PMID:
17343776.

4. Habibi Maleki A, Tofighi A, Pakdel F,
Tolouei Azar J. The effect of 12 weeks of
moderate intensity continuous  training
(MICT) on inflammatory and angiogenesis

factors of visceral and subcutaneous adipose

OLEHIT LMICT azaa VY LUT alis L s K5
23LRe (555 o pad 0 g 93 b doe 534S sl
Sl e A s ralS ol 5 b e ialST PEDF
B | R WOR Yt W EW N T RPNy DIGSOW I
Lo Ga5a3T g o0 005 Spliie 4 015 (o | Lol
@A 3Lp ) (sl 2 5m 4ged (O] g 5 OLD)
A1 0248 Sl oM ) (Gl 5 (s 5
ol ragiy 534S Jl= 555 HFD Lo Olalks
509 S DA 5 D i 5 i es 3 5 HFFD
Al ol Ubbis g baasl 5108 51 el se 3l 5
33 5 i ¢l HIIT+ADF S 5 s ADF
a8 15 b5l 3,50 PEDF , sl as3,
domd 53 4873 S bl o 015 o0 ¢ B (a5
053 LS Ol ;e HIIT+ADF o5 5 44 5 ADF HIIT
el Gobe bl oy & s 51 b b,

L ol i 53 e ) 5 su e O

tissue in obese rats: a semi experimental
study. Urmia Med J 2019; 30(4): 300-314.

5. Elagizi A, Kachur S, Carbone S, Lavie CJ,
Blair SN. A Review of Obesity, Physical
Activity, and Cardiovascular Disease Curr
Obes Rep 2020; 9(4): 571-581. PMID:
32870465.

6. Benjamin EJ, Virani SS, Callaway CW,
Chamberlain AM, Chang AR, Cheng S, et al.
Heart Disease and Stroke Statistics 2018
Update: A Report From the American Heart
Association. Circulation 2018; 137(12): e67-
e492. PMID: 29386200.

7. Foster MT, Shi H, Seeley RJ, Woods SC.
Removal of intra abdominal visceral adipose
tissue improves glucose tolerance in rats: role
of hepatic triglyceride storage. Physiol Behav
2011; 104(5): 845-854. PMID: 21683727.

11€0 1€ Cuiligaas)) PICIE jlasd «@aiy § (w 2)gs

ohjls Sy eole oGS dlas Wy


http://jmums.mazums.ac.ir/article-1-21365-en.html

[ Downloaded from jmums.mazums.ac.ir on 2025-12-12 ]

ulilSasm g ylgde | aalgllae s ol

10.

11

12.

13.

14

15.

16.

17.

Seale P, Conroe HM, Estall J, Kajimura S,
Frontini A, Ishibashi J, et al. Prdml6
determines the thermogenic program of
subcutaneous white adipose tissue in mice. J
Clin Invest 2011; 121(1): 96-105. PMID:
21123942.
Cao Y. Angiogenesis modulates adipogenesis
and obesity. J Clin Invest 2007, 117(9):
2362-2368. PMID: 17786229.
Camp HS, Ren D,
Adipogenesis and fat cell function in obesity
and diabetes. Trends Mol Med 2002; 8(9):
442-447. PMID: 12223316.

Leff T.

. Halberg N, Khan T, Trujillo ME, Wernstedt

Asterholm |, Attie AD, Sherwani S, et al.
Hypoxia inducible factor lalpha induces
fibrosis and insulin resistance in white
adipose tissue. Mol Cell Biol 2009; 29(16):
4467-4483. PMID: 19546236.

Cheng R, Ma JX. Angiogenesis in diabetes
and obesity. Rev Endocr Metab Disord
2015; 16(1): 67-75. PMID: 25663658.
Carmeliet P. Mechanisms of angiogenesis
and arteriogenesis. Nat Med 2000; 6(4): 389.
PMID: 10742145.

.Chung AS, Lee J, Ferrara N. Targeting the

tumour  vasculature: insights from
physiological angiogenesis. Nat Rev Cancer
2010; 10(7): 505. PMID: 20574450.

Sun K, Kusminski CM, Scherer PE. Adipose
tissue remodeling and obesity. J Clin Invest
2011; 121(6): 2094-2101. PMID: 21633177.

Hosogai N, Fukuhara A, Oshima K, Miyata
Y, Tanaka S, Segawa K, et al. Adipose
tissue hypoxia in obesity and its impact on
adipocytokine dysregulation. Diabetes 2007,
56(4): 901-911. PMID: 17395738.

Rausch ME, Weisberg S, Vardhana P,
Tortoriello DV. Obesity in C57BL/6J mice

is characterized by adipose tissue hypoxia

18.

19.

20.

21.

22.

23.

24,

and cytotoxic T cell infiltration. Int J Obes
2008; 32(3): 451-463. PMID: 17895881.
Hicklin DJ, Ellis LM. Role of the vascular
endothelial growth factor pathway in tumor
growth and angiogenesis. J Clin Oncol 2005;
23(5): 1011-1027. PMID: 15585754.
Pasarica M, Sereda OR, Redman LM,
Albarado DC, Hymel DT, Roan LE, et al.
Reduced adipose tissue oxygenation in
human obesity: evidence for rarefaction,
macrophage chemotaxis, and inflammation
without an angiogenic response. Diabetes
2009; 58(3): 718-725. PMID: 19074987.

Lee H J, Jin B 'Y, Park M R, Kim NH, Seo
KS, Jeong YT, et al. Inhibition of adipose
tissue angiogenesis prevents rebound weight
gain after caloric restriction in mice fed a
high fat diet. Life Sci 2023; 332: 122101.
PMID: 37730110.

Dawson D, Volpert O, Gillis P, Crawford S,
Xu H J, Benedict W, et al. Pigment
epithelium derived factor: a potent inhibitor
of angiogenesis. Science 1999; 285(5425):
245-248. PMID: 10398599.

He X, Cheng R, Benyajati S, Ma JX. PEDF
and its roles in physiological and
pathological conditions: implication in
diabetic and hypoxia induced angiogenic
diseases. Clin Sci 2015; 128(11): 805-823.
PMID: 25881671.

Stellmach V, Crawford SE, Zhou W, Bouck
N. Prevention of ischemia induced
retinopathy by the natural ocular
antiangiogenic agent pigment epithelium
derived factor. Proc Natl Acad Sci 2001,
98(5): 2593-2597. PMID: 11226284.
Tombran Tink J. The neuroprotective and
angiogenesis inhibitory serpin, PEDF: new
insights into phylogeny, function, and
signaling. Front Biosci 2005; 10: 2131-2149.

wy 11€0 1€ Cuiligaan)) PICIC d)Lasd «@aiy § (b 2)9s

Ohjls S}y ool slGib3)y alas


http://jmums.mazums.ac.ir/article-1-21365-en.html

[ Downloaded from jmums.mazums.ac.ir on 2025-12-12 ]

oles 1339) G )13 0j9) 9 (HIT) s Oxib b (U3 pa1a3 WG

25.

26.

27.

28.

29.

Khalafi M, Habibi Maleki A, Sakhaei MH,
Rosenkranz SK, Pourvaghar MJ, Ehsanifar
M, et al. The effects of exercise training on
body composition in postmenopausal
women: a systematic review and meta
analysis. Front Endocrinol 2023; 14:
1183765. PMID: 37388207.

Khalafi M, Sakhaei MH, Kazeminasab F,
Rosenkranz SK, Symonds ME. Exercise
training, dietary intervention, or combined
interventions and their effects on lipid
profiles in adults with overweight and
obesity: a systematic review and meta
analysis of randomized clinical trials. Nutr
Metab Cardiovasc Dis 2023. PMID:
37414662.

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 Obes Metab 2024; 26(9): 3830-
3841. PMID: 38956175.

Khalafi M, Symonds ME, Ghasemi F,
Rosenkranz SK, Rohani H, Sakhaei MH.
The effects of exercise training on
postprandial glycemia and insulinemia in
adults with overweight or obesity and with
cardiometabolic disorders: a systematic
review and meta analysis. Diabetes Res Clin
Pract 2023: 110741. PMID: 37276984.
Khalafi M, Sakhaei MH, Kheradmand S,
Symonds ME, Rosenkranz SK. The impact
of exercise and dietary interventions on
circulating leptin and adiponectin in
individuals with overweight and obesity: a
systematic review and meta analysis. Adv
Nutr 2022. PMID: 36811585.

30.

31.

32.

33.

34.

35.

Bellicha A, van Baak MA, Battista F,
Beaulieu K, Blundell JE, Busetto L, et al.
Effect of exercise training on weight loss,
body composition changes, and weight
maintenance in adults with overweight or
obesity: An overview of 12 systematic
reviews and 149 studies. Obes Rev 2021;
22: e13256. PMID: 33955140.

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. PMID: 32230849.

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
subcutaneousadiposetissues in rats fed with
high fat diet. Sport Physiol Manag Investig
2020; 12(1): 101-120.

Garritson JD, Boudina S. The effects of
exercise on white and brown adipose tissue
cellularity, metabolic activity and
remodeling. Front Physiol 2021; 12: 772894.
PMID: 34795599.

Meister BM, Hong SG, Shin J, Rath M,
Sayoc J, Park JY. Healthy versus unhealthy
adipose tissue expansion: the role of
exercise. J Obes Metab Syndr 2022; 31(1):
37-50. PMID: 35283364.

Kolnes KJ, Petersen MH, Lien-lversen T,
Hgjlund K, Jensen J. Effect of exercise
training on fat loss—energetic perspectives
and the role of improved adipose tissue
function and body fat distribution. Front

Physiol 2021; 12. PMID: 34630157.

11€0 1€ Cuilgaan)) PICIE jlash «@ady § (w )

oOhdjls Sibb)y eole oGS alas WA


http://jmums.mazums.ac.ir/article-1-21365-en.html

[ Downloaded from jmums.mazums.ac.ir on 2025-12-12 ]

ulilSasm g ylgde | aalgllae s ol

36.

37.

38.

39.

40.

41.

42.

Kuo CH, Harris MB. Abdominal fat
reducing outcome of exercise training: fat
burning or hydrocarbon source
redistribution? Can J Physiol Pharmacol
2016; 94(7): 695-698. PMID: 27152424.
Khalafi M, Mojtahedi S, Ostovar A,
Rosenkranz SK, Korivi M. High intensity
interval exercise versus moderate intensity
continuous exercise on postprandial glucose
and insulin responses: a systematic review
and meta analysis. Obes Rev 2022; 23(8):
€13459. PMID: 35535401.

Habibi Maleki A, Tofighi A, GHADERI
PF, TOLOUEI AJ, Ehsani FM. Effect of
three different exercise training modalities
on blood lipid profile, fetuin-A, and
fibroblast growth factor 21 (FGF 21) in
visceral adipose tissue of obese rats. 2020.
Yang F, Liu C, Liu X, Pan X, Li X, Tian L,
et al. Effect of epidemic intermittent fasting
on cardiometabolic risk factors: a systematic
review and meta analysis of randomized
controlled trials. Front Nutr 2021, 8:
669325. PMID: 34733872.

Wang W, Wei R, Pan Q, Guo L. Beneficial
effect of time restricted eating on blood
pressure: a systematic meta analysis and
meta regression analysis. Nutr Metab 2022;
19(1): 77. PMID: 36348493.

Pureza IRdAOM, de Lima Macena M, da
Silva  Junior AE, Praxedes DRS,
Vasconcelos LGL, Bueno NB. Effect of
early time restricted feeding on the
metabolic profile of adults with excess
weight: a systematic review with meta
analysis. Clin Nutr 2021; 40(4): 1788-1799.
PMID: 33139084.

Kim KH, Kim YH, Son JE, Lee JH, Kim S,
Choe MS, et al. Intermittent fasting

promotes adipose thermogenesis and

45,

46.

47.

48.

metabolic homeostasis via VEGF mediated
alternative activation of macrophage. Cell
Res 2017; 27(11): 1309-1326. PMID:
29039412.

. Hua L, LiJ, Feng B, Jiang D, Jiang X, Luo

T, et al. Dietary intake regulates white
adipose tissues angiogenesis via liver
fibroblast growth factor 21 in male mice.
Endocrinology  2021; 162(3): bqaa244.
PMID: 33369618.

. Verma N, Thakkar N, Phillips J, Ealey K,

Sung HK. Dynamic remodeling of white
adipose tissue by intermittent fasting. Curr
Opin Food Sci 2020; 34: 21-29.

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 IgfiR dependent
pathways. Reprod Sci 2024; 31(8): 2246-
2260. PMID: 38632221.

Tolouei Azar J, Habibi Maleki A, 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. PMID: 32505844,

Habibi Maleki A, Tofighi A, Ghaderi Pakdel
F, Tolouei Azar J. 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.

Beyranvand S. Effects of high intensity
interval training and intermittent fasting on
VEGF gene expression in the cardiac muscle
tissue of obese male rats. J Nutr Fasting
Health 2022; 10(1).

wq

11€0 1€ Cuiligaan)) PICIC d)Lasd «@aiy § (b 2)9s

Ohjls S}y ool slGib3)y alas


http://jmums.mazums.ac.ir/article-1-21365-en.html

[ Downloaded from jmums.mazums.ac.ir on 2025-12-12 ]

oles 1339) G )13 0j9) 9 (HIT) s Oxib b (U3 pa1a3 WG

49.

50.

51.

52.

53.

54.

55.

Ghafari Homadini S, Asad MR, Bazgir B,
Rahimi M. Effects of high intensity interval
training and moderate intensity continuous
training on VEGF gene expression in
visceral and subcutaneous adipose tissues of
male wistar rats. Iran J Endocrinol Metab
2017; 19(3): 170-176.

Yazdanian N, Asad MR, Rahimi M. The
effect of high intensity interval training and
moderate intensity continuous training on
PGCla and VEGF in heart muscle of male
wistar rats. Sport Physiol 2018; 10(38): 111-
124,

Lee HJ, Jin BY, Park MR, Kim NH, Seo
KS, Jeong YT, et al. Inhibition of adipose
tissue angiogenesis prevents rebound weight
gain after caloric restriction in mice fed a
high fat diet. Life Sci 2023; 332: 122101.
PMID: 37730110.

Hua L, Li J, Feng B, Jiang D, Jiang X, Luo
T, et al. Dietary intake regulates white
adipose tissues angiogenesis via liver
fibroblast growth factor 21 in male mice.
Endocrinology 2021,  162(3). PMID:
33369618.

Duggan C, Tapsoba JdD, Wang CY,
Schubert KEF, McTiernan A. Long term
effects of weight loss and exercise on
biomarkers associated with angiogenesis.
Cancer Epidemiol Biomarkers Prev 2017,
26(12): 1788-1794. PMID: 29042415.
Duggan C, Tapsoba JdD, Wang CY,
McTiernan A. Dietary weight loss and
exercise effects on serum biomarkers of
angiogenesis in overweight postmenopausal
women: a randomized controlled trial.
Cancer Res 2016; 76(14): 4226-4235.
PMID: 27417562.

Lakeland TV, Borg ML, Matzaris M,
Abdelkader A, Evans RG, Watt MJ.

56.

57.

58.

59.

60.

Augmented expression and secretion of
adipose derived pigment epithelium derived
factor does not alter local angiogenesis or
contribute to the development of systemic
metabolic derangements. Am J Physiol
Endocrinol Metab 2014; 306(12): E1367-
E1377. PMID: 24760990.

Rupnick MA, Panigrahy D, Zhang CY,
Dallabrida SM, Lowell BB, Langer R, et al.
Adipose tissue mass can be regulated
through the vasculature. Proc Natl Acad Sci
2002; 99(16): 10730-10735. PMID:
12149466.

Zhang QX, Magovern CJ, Mack CA,
Budenbender KT, Ko W, Rosengart TK.
Vascular endothelial growth factor is the
major angiogenic factor in omentum:
mechanism of the omentum mediated
angiogenesis. J Surg Res 1997; 67(2): 147-
154. PMID: 9073561.

Chavan SS, Hudson LK, Li JH, Ochani M,
Harris Y, Patel NB, et al. Identification of
pigment epithelium derived factor as an
adipocyte derived inflammatory factor. Mol
Med 2012 18:  1161-1168.  PMID:
22714715.

Famulla S, Lamers D, Hartwig S, Passlack
W, Horrighs A, Cramer A, et al. Pigment
epithelium derived factor (PEDF) is one of
the most abundant proteins secreted by
human adipocytes and induces insulin
resistance and inflammatory signaling in
muscle and fat cells. Int J Obes 2011; 35(6):
762-772. PMID: 20938440.

Khalafi M, Mohebbi H, Symonds ME,
Karimi P, Akbari A, Tabari E, et al. The
impact of moderate intensity continuous or
interval

high intensity training  on

adipogenesis and browning of subcutaneous

11€0 1€ Cailngaas)) PICIC d)lash «@aiy § 1w 2)gs

Ohjls Sy eole oGRS dlas o


http://jmums.mazums.ac.ir/article-1-21365-en.html

[ Downloaded from jmums.mazums.ac.ir on 2025-12-12 ]

ulilSasm g ylgde | aalgllae s ol

61.

62.

adipose tissue in obese male rats. Nutrients
2020; 12(4). PMID: 32230849.

DaiZ, QiW, LiC, LuJ, Mao Y, Yao Y, et
al. Dual regulation of adipose triglyceride
lipase by pigment epithelium derived factor:
a novel mechanistic insight into progressive
obesity. Mol Cell Endocrinol 2013; 377(1-
2): 123-134. PMID: 23850519.

Duggan C, Tapsoba Jde D, Wang CY,
McTiernan A. Dietary weight loss and

exercise effects on serum biomarkers of

63.

angiogenesis in overweight postmenopausal
women: a randomized controlled trial.
Cancer Res 2016; 76(14): 4226-4235.
PMID: 27417562.

Duggan C, Xiao L, Wang CY, McTiernan
A. Effect of a 12 month exercise
intervention on serum biomarkers of
angiogenesis in postmenopausal women: a
randomized  controlled  trial.  Cancer
Epidemiol Biomarkers Prev 2014; 23(4):

648-657. PMID: 24501378.

€l

11€0 1€ Cuiligaan)) PICIC d)Lasd «@aiy § (b 2)9s

Ohjls S}y ool slGib3)y alas


http://jmums.mazums.ac.ir/article-1-21365-en.html
http://www.tcpdf.org

