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1. Vascular Endotelial Growth Factor A
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2. Lard
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1. Gas Chromatography—Mass Spectrometry
2. Agilent Technologies
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1. Hematoxylin-Eosin

2. Mason's Trichrome

3. Nucleator

4. Olympus Corporation, Japan
5. Mercodia
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1. Homeostasis Model Assessment of Insulin Resistance
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4. Levene

5. Bonferroni



10) gty b 3559 5T 0 YU Sl b g3led (9lS o pei il

@ S (S pge S oz G+ YL Sl b (oglS 005 09,5 )3 cogdleay (P < 0.001)
Loolyon dad oglS (p yod comizren (P <0.001) 092 it 5 )bobine jsbds ©y2 0355 098
Ll P = 0.003) wt Loy &35 b dlio 0 S oo JE> Limlidl ey Jloy gli o5 puae
Glz 8)leds Jgaz) (P =1.00) ciolas 0929 (o5lid o i 09,5 98y (5 lobire Doglis
@slolme Jolas a5 ol s aybogo uilyly Jelow 305l @l oz sladsbe oz faste
Jels 9051 (P < 0.001) cuils s525 oyz slodsbe Lawsie oz 55 Giyed 5 438 (o
3979 (57 Sdoke Lawgie pax> 55 oy, S (5 lolie Dol a5 sl (yLaS 48, Sy il
3 s S Joke px> lawgin aS ol lis Jg el cmdas Qj.oﬂ s (P <0.001) cusls
(P <0.001) 592 im0 230 I+ (2 p05 09,5 9 Jlo i 81335 09,5 4y S 02 p D335 095
IS oz sladshe p bawgte (Jlop lae + Vb Sad b (o9l (n yeT 09,5 )3 (oizmon
(P = 1.00) Cebloi 3525 s yoi 09,5 53 cyet 6 ylolins 35 Lol (P<0.001) 391 Jlo 5 (gl 09,5
(Seo)led IS8 9 )l 8Lt Jgu)

Sl 65088 Jloy L35 L amlis 3 0yz iy L35 o5 o Gl b i plewdly (sla e
taglie )3 (ypyad loog,S 1o lowdly cyed sl e Lol (P = 0.88) celas lawsdly cyag]
Oz 8)leds Jouzr) (P =0.003) 55 y08" J 705 sloog,S' L

ssba S5 alewdly Cild vo iz L1385 sloog )T 0 a5 ol i adjbgs il LT b
lbog,S 10 45 8l i gl ccyizan (P < 0.001) o5 Loy dyiis b csloog 5 31 s g loline
8)led Jgozr) P =0.011) 09 (2 o3 o9 sloog 5 51 jeS (lowadly Sl cdale (o9l 0 po3
Glez

Slobne Sl (S gudl Cunglie jaslh 4035 g5 45 lo las adybogs (uib)lg Julod 903l @l
Ceoglin atli malS Corge Yo Bad b osls s cpes Lol #P = 0.82) el 4zl
(P = 0.51) 4 salion (s yad 5 435 (s (loline Lol (P = 0.002) el o i
Ol 8l Jga)



10Y

599 b

&

IS

7|5 M mfes e of R gyt
» O w56 o gy KA o mene© f g6 o i e o A 6o o sy o 5 e el s [ g Cnf € g6 ol

3 Yoot ol mnd A4l F 4314 Adl-F440A CIVEE 2D AMFASl- A/ Avele AN/
e (559 o S0P YeloF A4l Vel F AN Ae)F udele Lo F AN vy Asele <44
SR ) AT 40 YALFAYS 4 FOAS AVFALR Leefes (A8 QAN
et b @ {0 SO S e ) T VAY rdF 4 CALF A4 AUNTF AlAL Lol el el
LR CR e T als} PEEYEE SR VAl FANS AT AV 3 BVSFYAY VasTao i el e (RO

O KA ™o ol s A WY o 1€ o™

iyt ! R Lan® R 7o O o I o
5Ea? o 5o (i M R w5

Sof? §- ¥ 6 e w0 #0200 A K S5 ol o[ 6 e D IR B (e o oF Cen R o)

o 2 o oy HEES f apfp ol e oeef( ) S 50 S il (A (R0 o= Bl 6y i e of e g

SE0 (=0 e 200 ofrligs (579 0L 0| 554 600 D) YA FAA AU FIAN A\(-Fav) AefeFdle Yool Vol AN

KD e HE clie (59) BEOFVIY YOI F40/0 A0 FL4lA AFVL Vool IRRVE wA/

=TSR lor) AIVAL A94Y 41340 WA A T - 11

KM (579 Q41434149 A JAFL404 AJIAFAISL 4 A AFVIO44 \role> (R e

o2 62 o (C 762 Ky (R (<foy) AlAAL Pty ARAL e\

$(0 M0 L 167 My 2O (519 CAVIVFAA A OUMTFANA » AVFANL VSIATYIS0A

R v (55 AUYFLVL BT+ +JAAL AUYFAIAAL SIWFHIAAL = = 2

o H2A I Kl o L &£ ™
e MRS oD i e 15
S ot Fhom® L@ [ p—

WAY yliwsli YA oo

b - g0 § oS e ol o $00 0 B0 e P (aerye iy of & 60 - B2 )




A\ gty b 3559 5T 0 YU Sl b g3led (9lS o pei il

Sz slas Jloyi slas

JyS 0g,)S

29U5 (2 05 09,5

ORR93 S0 yS i (o257 S8l (8L (659 gt Ol gt dunns Lo ) S
H&E L oz cdl o501 ))

Ot (Smrad 5303] @l il yeite S0 b 39,0 JS 02 5 (S rige Sz o (Siero
bzl oz Gl 5 Lol 5 S LIS (Shse S a5 Sb plas
wrledly 35505 (1 =-0.93 P < 0.001) oy slosbes x> Lagio o = -0.76 P = 0.001)
eidpmdl Cnglie el 5 (1= -0.54 P = 0.013) Llewdl oyulswdl (T = -0.58 P = 0.007)

(K 8 )led JSi2) cusls (1 = -0.59 P = 0.006)
28l 055 b oboline 5 Cute B3| sz sladsle o Lawgio o5 ols Lt gl (opizran
cerlosdly gl (= 0.67 P = 0.001) lewsdly 35515 (r = 0.82 P = 0.001) les! >
(55 5 oy USi5) cutls (1= 0.55 P = 0.011) _ialyu] cenglie Lol 5 (r = 0.50 P = 0.023)



WAV Glawsl KA o lod (o) )9 S5 9258 \0F
Bopmn gl O 9l oyt sz n slae Oy li sl ety el
idhﬁ_gs‘-’\é A gl iy Jloy e 0 Jloy glié A g5 o it Jlop slid

o) g,.l 7
K g 4
ki 0 E
x5 4 O s 5 A
i ] -
4 O 4
\i O x}, O T T T T T T T 1
1“ T T T T T T 1 \1/)
= 15 25 35 45 55 65 75 85 95
0 2 4 6 8 1012 14 .
(059 SasSe iz <L 039 (o piog S0 147 X) (22 SLb Johw pxe Lawogio
R (w (&l
Oczn el O Lsls n it 1 Oz slae O 9lid o2 poi+ oy 1 (510
108 9y A sl oppeitdl s gl O Jloy slie B o9l o peit Jloy lié
S }00 -
4 O i
g = % ajuirgn
%50 3 ]
e T K]
X O 220 %
7 n &0 3 S
3 H
i 0 T T T 1 V‘L
15 55 6 65 7 9° ' ' '
i Gl o) 08 508 o @5 s <t 10 15
© (z
W puisio (yu (Smod —F JSCh
o7 sk oz bawgie 5 (S pse JB (e (Swon —all
sliml oz @il s S pge S G S -0
So e 2y S8l iy bl )z Gladshe pze bwgie (o (Kieon 7

@ledly S35 5 2z sladshe o baasgte o (Ko -

S5 A g S

sz S8l SRl G s 1Pl cxee oo i a5 b las ol ek s
@7 Sdshbe > bawgie (3l 5 (S rge JBa jlsline 2811 oS Cenl oad S5
Qo3 Ve Glie 4 0y 2385 S0 g lobae jobds G g ol Giagh )d el 035 ol e
e, FA s g (o) sladshe e Lawgio )3 00,0 VWA (Al L &5 28l (il
7 Sadshe pz Gl L Oz £335 45 08 e 0l @l (nl g ol (S pge JSx
Sran b plejen Yo Sud b (ol (el ol gl 53 (rizen (VT) Cunl ol e Lo



180 gty b 3559 5T 0 YU Sl b g3led (9lS o pei il

Sz R S 09,5 A Cud G (g (hep3 V) Jloliae falS e iz sl
bslao, gl )31, 0% 09 9955 @S5l BLol @z <8l 518U o 0j9 ol 5l
S &S gl ol gl sladidl (n Seees sl ogdleds 3,5 i (p oS (e 9 Jloy 4055
odls plis ol 2y Sl she w2 bawgie GalS Cage 0z 138 o o b losee (9l
Slawi )3 yoki 9 B30 ) (27 Jobw 02> )3 et (i Oy RS (b &S Sl oad
ol cge 6 ST (n pe atia Loz &S el ol (5155 (TY) Sl eS (052 slaJob
el yolo gty s 38lge cllas (] a5 (YY) 053 o0 0 lymme 5 (0057 ladshe o2

o3ls (Lt Lol sl 0 5y, 95 (o9l el b oz Slasbs oo (281 il
sl B Jisl (2al5) iz sl CoBl ity (LS L sgad sl o yed 45 Cal oo
Sl EMas ;5 (b )i e F5gm Gl ioyz S8L s Figed a8 FATP-D V-
S5in stz Sladsle o 28lS & e Vil V) (o2 (gl Syl al33l
e Lol 1355 oo TAMPK) AMP L o Jlad 5L ety collad 2alS cargo woyz py (slié
2 7 OS5 g pedS (65 i 2015 e AMPK ol (2al381L (055
39 (27 ok px bt falS Crge Wl o i) 5800 2lasl (oyz Sl
s s AMPK s bl 5l ool a8 glasl e ol e Sialidl (VF)
rge el (T7) AMPK el 2sl33 1 e sladsbe nlos (2alS 5 (Y0) Gue sYsb
i 23l 3 AMPK ol ol ol Al |5 058 so alin] oym Sl o alS
Vool Vb S b )55 0o G053 2l 59 45 3,8 (6 St g o ol i (5 03l
slagiagh plxl 45l pl 5 b oad plisl oy 28l g AMPK collad olil L
Y NP v

@7 S8l (S gmle 1al5 5l (L Wl oo (052 Sladsbe p el (il S5 penile
3579 Jlzod (1) el 5552 (0157 Sladshe sllae 5 caslio 0y (T 55T o5 il
lite Gl cal Ll ey Gl (Bl @ Jlo b Cpndg ) s (b (53555 ] byl a5 5l
DB (8 (59 290 (oS gmlr S «(F) wils oy lasbe olawi b ojlasl sliel b
Seglie JlBl 4 e Wl oo pliol 2 Gladsde )3 @2 s, RIB! (e
SLos5eST Gals lacnl ;> 457 (1) 355 55 £95 Colbd 0 Dl oz (Aal33lam s 5 (g
ol @l b e Sl oo S lsll (VAD) S)ls (pull 28 (22 sladobe &

1. Fatty Acid Transport Protein 1
2. AMP-Activated Protein Kinase



WAV Hlaml KA oyl (0559 58892 39 V05

Seels b gyloline bls )l Sliol o2 Gl Jsbe po lawgie iolidl a8 ol las iegh
Ll ol (S pge S8z g)loline olS cge iz (238 @) ogdleay 250 (I nge JB&
I o0V Gl carse 0z n 13 Bran Lol ian YL Dol b (2glS (e o e
by @i w3, b Sl b aalie 1o (22 5 0 0z B335 58S 05,5 4 S (S nige
b (0l (25 oS S oo (it adly cplols (il a3 YO ) (S nge Js o525 (o
S oo Sente i |y oz 8L Sle,0ieeST mhae wopz n slE S8l s 392l YL ud
Sloyei 510 (@7 S8l (wSenle rals saiasplis (LS slaiagh b guen cllas cpl a5
O3 ez B3 Lol er Sigilas slagob ool 5l eslaiwl b o)) Kaagh (YY) cuwl 5jls
Fimplas ol wbcos aiw oy Cdl w6l oolinal atin pb b aS WS
IRl g 2 sk e GRIBIL (U2 09,5 LS (202 039 oomnln 997 el 90 S (o0 13
i 56 (VA) oo 5V g5las (5,500 gl yo (V) Cenl ol o ki (252 2k Sl
OLS @l 53,5 oy 2 3l slasise 1 Jloiin! o)z Sl 35051 11, (5len o a3 i
@7 5 Finpl Gl L) VEGFA (il corge bawgie Dol b (55lea (o5 a5 0l
oI ol dalllas 3 (oplpls (ol guen Sl tagh @l b beaidh (pl 09l oo li]
55 6Lls VEGFA ool yz il Sisonssl clo,s5 1o w51 ool Yoo 5 o0 JEo
el 5 Bl b g ol 635505570 5T o b aslg 5 a5 Eenl VEGFigsa 3 VEGFigsy ol s
512U s iz n £35 L olen 35551 2als ol e (TA) oo Gtalil Oldl 22
I (o8558 e Ll sl plasl o Bl 53 VEGFes (5355100 59556 (2l
05> Obz GRIB carge (YY) sbs (g2 8L o JLbgail la sk JB 5 VEGF (5 ole

(YY) 09800 (o2 b 4y Gl ()5S 5
Gal3l 5 folian sty oz B3 s (95 SIS Sl oS ol i Sl agh @b
oS ol ;53 Lls ati sanlive il zahie o (o loline gl il BMy Lol sl
sodgmdl ol b Oy 6lie B ran o)lsen wias o lid 4 Wil 092 g 3 (6,500 Sldlas
Crse oz SIE 4 VP AT WS (355 () Oes 5 T nsS Jle sl st ol 0n
slde aan VP a5 ol cols las 50 6,500 Adllas (o 0gd oo gl Cdale jlolias alS
e (V) Canl a3ls o ailinl (138 b avslie o dewdl clale 1y o lobins L3l o ym
) oline jobots 3515 e el el idgunil oo Cile 2 (63T 0z 51 ola 28

1. Disanzo
2. Gauthier



oy gty b 3559 5T 0 YU Sl b g3led (9lS o pei il

5,99 sk 9 (Brae 7 &85 Sl (alse &5 oy oo Shai g, calil (1Y) 090 4Bl ()38l
lie a5 Cewl oads ()55 bl clyo aidly S ST Gl gl e 5 ly 2 oy 188 B
iy e e (S o wle) gLl ooz laosul ol polie ol iz n
2z Sleal SLeS 5 Gl hagh 0 (TV) 99 o0 (I SSL sabdlgnl slaobe 5|l gus]
s yisn i ol 09 S93 oy7 Ot s 05250 0y (slasnl DL 5 L e Loy
sto sladshe 5l Glgail i 5 ol carge Sowails )3 48s (2y7 Sl eadan o e &S
laial (55 )0 slaad gobaw (roye (iali3l S Coslon ool (LaS (ogas cnl)s 098 (I STl
sl Sl (1815 Crgn 5] liin 5 39508 (inlgmalpale) gl I3 e
Sz p e RPN Olss Gl &5 seboe Glgedl w5 alS ;e 5 SH5 4 b
L) )3 (§ o Sl oy 2 45 S0 Y54 (ol pliy ((FT) ol b S93 (02 5l ondiang
Ol 5 ooliilsgo loj 5 dgmsl (59,5 58 sk » 4d 22 b osbangs wyzn i T

il sl ©y,0 ST sleiags 5
cble loline 2alS cage Vb Dal b (29l (p yed a5 8lo (Lt polo gl gl nl eyl
s sWogS )3 (gl Cuaglie el g (gudl Clle (imren 9doe SIS (oo
8095 3l Jiins o4 Zuwl 0 03l (lis 39 Sl (loline jebods (n po3 (g Sloog S 4 S
oS Sanl 0ol (5155 (FF) Cesl ol oo (i gundl Cooglin b (02 ladsho (B95 mle (IS 202
eyl ol 8IS & e Lz <3l 5> ST S s SIS L oy sl
595 ol Ghogh L Lo (T0) 995 0o B 5LusS (050 (gesdlyjshend Jlon B2l ok
Gl b oz glié b ondagdas glaise yo el oy ped 45 sisls 5Lis (FA) oK
9 o0 (Slgml uaglio 9 35 9IS 03,5 Jend Sgute g0 2l (02 S8l (6,5 g Slans
gl Canglio (a5 rdgedl 555 s 5 oline ogSan Ll oS ol Lt ol g,
(7 SBdshe > bawgio ( (5)loline Cutte LLS I iodleay 300 0929 (S pge JB L
G )3 o)l S92y (gl Cuaglie (Ll 5 rdgasl SIS LSS e 202 8L (s
b 23lS s S0 loline jobay ()2 sladshe o Lawgio 5 o 50 ()7 8095« pl>
510 gl Cunglivo zals” ¥ 51 Sy Wl o Yozl llas oyl a5 wizdly als Y s
<8l 5o VEGF ()l Ghali8 b S35 il slagige a8 onl ol (51557 08l (a5l (503
Ceoglie 5 3915 Jooxi 5 wigy pslie oz 138 51 GO (Gl gl Conglite plpys i oy
ssba sl ayed s (s JBz ol Glagy )0 (FF) Sl ssie bl 5o (s

1. Xu



WAV Hlaml KA oyl (0559 58892 39 VOA

Sl gl Conglio LEalS LYo 5l S S wil oo Yol atil opl a5 il l8l s loline
)ilo Wl&a ..\....JL: axllao U”‘ B U")'°" 05"\" 6&05; L: MLM )O QS’BL“" LgLQU")"” ).")Q
SelS L olyen Cledl Gials Gl AU wile e (ool (el Sl (pdgudl Ceglie ialS
il Sle iolidl Coge el Slas olgeas VEGF dp; sail oy cdb wSenle
o yad oz b pedgilio St b a3l ol a5 (VF) 595 o aryz il 0 'M2 lelas
(YY) S9dioo oz sl b ondiadas slaige 0 ML ol slazliy Se ials 5 M2
Ol gl Canglian 0900 L VEGFE a8l odais Slho o> meod juals 5 ajlig Sk S9a5 ytals
i oS s ML sla3lis Sl 2alS' L oizron - Conl ol pon oy L0305 51 (S50
Sl sign 3 STNF-0) Wl 905 3020355,55 95516 5 TAL6) PS5l 2l o) 2 il
dgai yo SualS (megh opl 0 oplply «VF) A;gl.g.‘so oablS Gy olié b ocndaydss
O M B8 b 35 505 10 el ey ST 3o 355 1S 5 ML (slaslay S
sl Gl 2al38l s (V) Ly sla Jsbo 5 Shae (2al3 b agad ks o po5 el prosdle
(et O9d oo S 9IS Jlwgtess 5 (gl Cuaglie S5y crge (TA) WS 5 o)z L o
P(TLR4) al5,38 as sloodi 5 (adss 5l ob) Gla slabge j0 a5 Cowl oo ools lis
Vg oo (s gl Cunglio ol 8l g Gl gl (003 115 (5 pas S (50Dl j50d 55,10
Lo 5 oDl y9ind al3dl g oyz il o TLRA clale 2als b 53,5 o5 Lol «(F)
Ol 50 &S ey o0 Yl (nl ol (1) 998 oo (S gl Cunglie Sgnr 9o el gl (259 5
e &S puSsnle rals @iy g (S pse JBs Gl LYL Gad b o9l (e Gllg
2l 45 WS (Tl s A5 0 SIS jlistesn 5 ST gt e Sl alS &

3,08 (6 i sl rmeh plnl 4 5l awl sl llas
&3 LSL“’JSJ‘“’ o~ J‘-“’Sl-’“ u"-")s‘ LR L35 a5 ol ul““ rél} 0295 G’L‘“ «E 9o,y
uMbsgnguJ)m‘uMmw‘o‘)@‘;);y‘;&wbgbdsb}w‘snﬂmgm‘uﬁb

1. M2 Macroghages

2. Kawanishi

3. M1 Macroghages

4. Interlukine-6 (I1L-6)

5. Tumour Necrosis Factor alpha (TNF-a)
6. Toll-like receptor (TLR)



104

gty b 3559 5T 0 YU Sl b g3led (9lS o pei il

5 WS (0SS olr ©iz i 2SS 093 I 5 r sladske p Lawgie (11 IVL

4 dzgl

Lg 509)19@_ ) u,.mlS L_;)Le(.m\.s Sy L5:‘.).(: p.s)) l) ML?M ) ‘) Lgu.]}w.s‘ S_A.OsLM

LVL b b (ool (el 9% S9l5 Slimgtesn 9 (S noe JB& G Jboline (esSae bLS)
99900 (95 SIS SLwgiogd Sepn e ge coyz p G108 Bran d92gb (S pge JB Ll

10.

S 0 65 ol oz sl sk pz> il

&b
Bliiher M. Adipose tissue dysfunction contributes to obesity related
metabolic diseases. Best practice & research Clinical endocrinology &
metabolism. 2013;27(2):163-77.
Weyer C, Foley J, Bogardus C, Tataranni P, Pratley R. Enlarged
subcutaneous abdominal adipocyte size, but not obesity itself, predicts
type Il diabetes independent of insulin resistance. Diabetologia.
2000;43(12):1498-506.
Sun K, Kusminski CM, Scherer PE. Adipose tissue remodeling and
obesity. The Journal of clinical investigation. 2011;121(6):2094.
Trayhurn P, Wood IS. Adipokines: inflammation and the pleiotropic role
of white adipose tissue. British Journal of Nutrition. 2004;92(03):347-55.
Rosen ED, Spiegelman BM. What we talk about when we talk about fat.
Cell. 2014;156(1):20-44.
Gealekman O, Guseva N, Hartigan C, Apotheker S, Gorgoglione M,
Gurav K, et al. Depot-specific differences and insufficient subcutaneous
adipose tissue angiogenesis in  human obesity. Circulation.
2011:CIRCULATIONAHA. 110.970145.
Sun K, Asterholm IW, Kusminski CM, Bueno AC, Wang 2V, Pollard
JW, et al. Dichotomous effects of VEGF-A on adipose tissue dysfunction.
Proceedings of the National Academy of Sciences. 2012;109(15):5874-9.
Czarkowska-Paczek B, Zendzian-Piotrowska M, Bartlomiejczyk |,
Przybylski J, Gorski J. The influence of physical exercise on the
generation of TGF-B1, PDGF-AA, and VEGF-A in adipose tissue.
European journal of applied physiology. 2011;111(5):875-81.
Walton RG, Finlin BS, Mula J, Long DE, Zhu B, Fry CS, et al. Insulin-
resistant subjects have normal angiogenic response to aerobic exercise
training in skeletal muscle, but not in adipose tissue. Physiological
reports. 2015;3(6):e12415.
Kilpatrick MW, Jung ME, Little JP. High-intensity interval training: a
review of physiological and psychological responses. ACSM's Health &
Fitness Journal. 2014;18(5):11-6.



WAV Hlaml KA oyl (0559 58892 39 Vo

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Tjenna AE, Lee SJ, Rognmo @, Stglen TO, Bye A, Haram PM, et al.
Aerobic interval training versus continuous moderate exercise as a
treatment for the metabolic syndrome. Circulation. 2008;118(4):346-54.
Racil G, Ounis OB, Hammouda O, Kallel A, Zouhal H, Chamari K, et al.
Effects of high vs. moderate exercise intensity during interval training on
lipids and adiponectin levels in obese young females. European journal
of applied physiology. 2013;113(10):2531-40.

Zhang H, K Tong T, Qiu W, Wang J, Nie J, He Y. Effect of high-intensity
interval training protocol on abdominal fat reduction in overweight
Chinese women: A randomized controlled trial. Kineziologija.
2015;47(1):57-66.

You T, Murphy K, Lyles M, Demons J, Lenchik L, Nicklas B. Addition
of aerobic exercise to dietary weight loss preferentially reduces
abdominal adipocyte size. International journal of obesity.
2006;30(8):1211-6.

Goossens GH, Bizzarri A, Venteclef N, Essers Y, Cleutjens JP, Konings
E, et al. Increased Adipose Tissue Oxygen Tension in Obese Compared
With Lean Men Is Accompanied by Insulin Resistance, Impaired Adipose
Tissue  Capillarization, and InflammationClinical  Perspective.
Circulation. 2011;124(1):67-76.

council NR. Guide for the care and use of laboratory animals: Institute of
Laboratory Animal Resources (U.S.). National Academies Press; 2010.
Moreira JB, Bechara LR, Bozi LH, Jannig PR, Monteiro AW, Dourado
PM, et al. High-versus moderate-intensity aerobic exercise training
effects on skeletal muscle of infarcted rats. Journal of Applied
Physiology. 2013;114(8):1029-41.

Linden MA, Fletcher JA, Morris EM, Meers GM, Laughlin MH, Booth
FW, et al. Treating NAFLD in OLETF Rats with Vigorous-Intensity
Interval Exercise Training. Medicine and science in sports and exercise.
2015;47(3):556-567.

Cuéllar ES, Solis LS. First use of stereology to quantify the survival of
fat autografts. Image Analysis & Stereology. 2011;24(3):187-93.

Xue Y, Xu X, Zhang X-Q, Farokhzad OC, Langer R. Preventing diet-
induced obesity in mice by adipose tissue transformation and
angiogenesis using targeted nanoparticles. Proceedings of the National
Academy of Sciences. 2016:201603840.

Ruifrok AC, Johnston DA. Quantification of histochemical staining by
color deconvolution. Analytical and quantitative cytology and histology.
2001;23(4):291-9.



\I4]

22.

23.

24,

25.

26.

217.

28.

29.

30.

31.

32.

33.

gty b 3559 5T 0 YU Sl b g3led (9lS o pei il

Gollisch KS, Brandauer J, Jessen N, Toyoda T, Nayer A, Hirshman MF,
et al. Effects of exercise training on subcutaneous and visceral adipose
tissue in normal-and high-fat diet-fed rats. American Journal of
Physiology-Endocrinology and Metabolism. 2009;297(2):495-504.
Spalding KL, Arner E, Westermark PO, Bernard S, Buchholz BA,
Bergmann O, et al. Dynamics of fat cell turnover in humans. Nature.
2008;453(7196):783-7.

Higa T, Spinola A, Fonseca-Alaniz M, Evangelista F. Remodeling of
white adipose tissue metabolism by physical training prevents insulin
resistance. Life sciences. 2014;103(1):41-8.

Takekoshi K, Fukuhara M, Quin Z, Nissato S, Isobe K, Kawakami Y, et
al. Long-term exercise stimulates adenosine monophosphate—activated
protein kinase activity and subunit expression in rat visceral adipose
tissue and liver. Metabolism. 2006;55(8):1122-8.

Daval M, Foufelle F, Ferré P. Functions of AMP-activated protein kinase
in adipose tissue. The Journal of physiology. 2006;574(1):55-62.
Disanzo BL, You T. Effects of exercise training on indicators of adipose
tissue angiogenesis and hypoxia in obese rats. Metabolism.
2014;63(4):452-5.

Adya R, Homer-Vanniasinkam S. Adipokines and Adipose Tissue
Angiogenesis in Obesity. Immunoendocrinology. 2015;2.

Linden MA, Pincu Y, Martin SA, Woods JA, Baynard T. Moderate
exercise training provides modest protection against adipose tissue
inflammatory gene expression in response to high-fat feeding.
Physiological reports. 2014;2(7):e12071.

Ikemoto S, Thompson KS, Takahashi M, Itakura H, Lane MD, Ezaki O.
High fat diet-induced hyperglycemia: prevention by low level expression
of a glucose transporter (GLUT4) minigene in transgenic mice.
Proceedings of the National Academy of Sciences. 1995;92(8):3096-9.
Yaspelkis BB, Davis JR, Saberi M, Smith TL, Jazayeri R, Singh M, et al.
Leptin administration improves skeletal muscle insulin responsiveness in
diet-induced insulin-resistant rats. American Journal of Physiology-
Endocrinology And Metabolism. 2001;280(1):E130-E42.

Buettner R, Parhofer K, Woenckhaus M, Wrede C, Kunz-Schughart L,
Scholmerich J, et al. Defining high-fat-diet rat models: metabolic and
molecular effects of different fat types. Journal of molecular
endocrinology. 2006;36(3):485-501.

Manco M, Calvani M, Mingrone G. Effects of dietary fatty acids on
insulin sensitivity and secretion. Diabetes, Obesity and Metabolism.
2004;6(6):402-13.




WAV Hlaml KA oyl (0559 58892 39 \SY

34.

35.

36.

37.

38.

39.

Arner E, Westermark PO, Spalding KL, Britton T, Rydén M, Frisén J, et
al. Adipocyte turnover: relevance to human adipose tissue morphology.
Diabetes. 2010;59(1):105-9.

Lee YS, Kim J-w, Osborne O, Sasik R, Schenk S, Chen A, etal. Increased
adipocyte O 2 consumption triggers HIF-1a, causing inflammation and
insulin resistance in obesity. Cell. 2014;157(6):1339-52.

Elias I, Franckhauser S, Ferré T, Vila L, Tafuro S, Mufioz S, et al. Adipose
tissue overexpression of vascular endothelial growth factor protects
against diet-induced obesity and insulin resistance. Diabetes.
2012;61(7):1801-13.

Kawanishi N, Mizokami T, Yano H, Suzuki K. Exercise attenuates M1
macrophages and CD8+ T cells in the adipose tissue of obese mice.
Medicine and science in sports and exercise. 2013;45(9):1684-93.
Marcinko K, Sikkema SR, Samaan MC, Kemp BE, Fullerton MD,
Steinberg GR. High intensity interval training improves liver and adipose
tissue insulin sensitivity. Molecular metabolism. 2015;4(12):903-15.
Oliveira AG, Carvalho BM, Tobar N, Ropelle ER, Pauli JR, Bagarolli
RA, et al. Physical exercise reduces circulating lipopolysaccharide and
TLR4 activation and improves insulin signaling in tissues of DIO rats.
Diabetes. 2011;60(3):784-96.

SPOEL

/

N

Sl ise 1 oz <l 35l p YU Sas b gilen el pes 5L
AYAY (Ll . 25,5 Si9pmd oz n 2l w2, b eadadss ol e

10.22089/sp;j.2017.3896.1528 : Jlizws dwlis NFY_EY (YA)Y -

/

KKoIahdouzi S, Talebi Garakani E, Hamidian Gh.R, Safarzade A.R. The\
Effects of High-Intensity Intermittent Aerobic Training on Adipose
Tissue Angiogenesis in Rats Fed a High Fat Diet. Summer 2018;
\10(38): 143-62. (In Persian). DOI: 10.22089/spj.2017.3896.1528




Sport Physiology, No 38, 2018 14

The Effects of High-Intensity Intermittent Aerobic
Training on Adipose Tissue Angiogenesis in Rats Fed a
High Fat Diet

S. Kolahdouzit, E. Talebi Garakani?, Gh.R. Hamidian?®,
A.R. Safarzade*
1. Ph.D. Exercise Physiology, University of Mazandaran
2. Associate Professor of Exercise Physiology, University of Mazandaran™

3. Assistant professor of Baisc Science, University of Tabriz
4. Associate Professor of Exercise Physiology, University of Mazandaran

Received: 2017/03/14 Accepted: 2017/06/10

Abstract

The purpose of this study was to evaluate of high intensity intermittent training
on angiogenesis and morphological changes of visceral adipose tissue in high fat
fed male wistar rats. Twenty male wistar rats (4-6 weeks age, and body weight:
Mean£SE: 176.2+3.73) were homogenously divided into two groups of high fat
diet (n: 10) and standard diet regimens (n: 10). After 10 weeks, each group divided
into two groups (training and control; n: 5 in each group); the training group
completed 10 weeks high-intensity intermittent aerobic training on a motorized
treadmill. Mean adipocyte size and angiogenesis of mesenteric fat were analyzed
by Stereology and Immunofluorescence methods respectively. The results showed
that high fat diet regimen causes elevation in body weight (P<0.001), fat pad
weight (P<0.001), mean adipocyte size (P<0.001), plasma glucose (P<0.001), and
reduction in angiogenesis (P<0.001) compared to the standard diet regimen. The
high intensity intermittent training caused reduction in body weight (P<0.001), fat
pad weight (P<0.001), mean adipocyte size (P<0.001), plasma glucose (P=0.01),
plasma insulin (P=0.003) and insulin resistance index (P=0.002) compared to the
diet regimen alone (P<0.05). Moreover, in the training+high fat diet group
angiogenesis increased compared to the high fat regimen control group (P<0.001).
The results indicated that high intensity intermittent aerobic training induces
reduction in body weight and fat weight by elevation in angiogenesis and
reduction in mean adipocyte size during high fat feeding that is accompanied with
improvement of blood glucose hemostasis.

Keywords: Adipose Tissue, Angiogenesis, High Intensity Exercise Training,
High Fat Diet
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