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Abstract

Background and Aim: Diabetes causes inflammation in the heart, which predisposes to cardiovascular disease. The aim
of the present study was to investigate the effect of six weeks of progressive aerobic exercise on expression of vascular
endothelium growth factor (vegf) and tumor necrosis factor-alpha (tnfa) of the heart of diabetic male Wistar rats. Materials
and Methods: Forty male Wistar rats (weight 253.09 + 12.92 grams, age 8-10 weeks) were randomly divided into four
groups: control, diabetic, exercise, and diabetes + exercise. Induction of diabetes was done through intraperitoneal injection
of streptozotocin solution at the rate of 50 mg/kg. The training protocol consisted of six weeks of progressive aerobic
training, five sessions per week on the treadmill. The gene expression of vegf and tnfd in left ventricular tissue was
measured by Real-Time PCR method. One-way analysis of variance and Tukey tests were used for statistical analysis at
p>0.05 level. Results: The expression of the vegf and tnfo! genes in the left ventricle of the heart in the diabetic group was
significantly increased (p<0.0001) and decreased (p<0.0001) respectively compared to the healthy group. On the other
hand, the expression of vegf and tnf0l genes in the left ventricle of the diabetes + exercise group increased (p<0.003)
and decreased respectively (p<0.0001) compared to the diabetes group.. Conclusion: Progressive aerobic training can
considered as a suitable non-pharmacological method for reduction of the inflammation and also to improve angiogenesis

in diabetic samples.

Keywords: Diabetes, Aerobic training, Vascular endothelium growth factor, Tumor necrosis factor alpha.

Cite this article:

Erfanikia, M., Fathi, M., Rahmati, M., & Mohammadi, E. (2024). The effect of six weeks of progressive aerobic training on
vascular endothelium growth factor and tumor necrosis factor-alpha of the heart of diabetic male Wistar rats. Journal of
Practical Studies of Biosciences in Sport, 12(32), 58-68.

* Corresponding Author, Address: Dept. of Sport Sciences, Faculty of Human Sciences, Lorestan University, Khorramabad, Iran;
E-mail: Fathim@lu.ac.ir d https://doi.org/10.22077/jpsbs.2023.6607.1810

@ @ Copyright: © 2022 by the authors. Licensee Journal of Practical Studies of Biosciences in Sport (JPSBS). This article is an open access article distributed
. under the terms and conditions of the Creative Commons Attribution (CC BY) license (https://creativecommons.org/licenses/by/4.0/).




9399 38 (S IPeds (68 y il Ollian 4 i

DA-FA Lo Y o3loid 1Y 0398 I Fo¥ (sbiawa
VEXYIYR 55y g sl VPoY/-VITA il g sl VF-T/-0/+Y 1odly s sl

27 Oldllan 4 2
33808 g3 pale

839555 Jole g (B9 5 poaliguil wliy Jole slaiys by 3 00dg i (55190 (2 pod aiad il 51
Calys a4 Mo Hliug g 5 W, cdb )0 WIT jaoes

Tgezo HlBSl T (oo 5 Sgramn T (it dozmo (LS S e (pamino
Olpl oblp 2l olRasls ( Slusl pole 0uSiiils (359 (Sielg b o)) (bl 5 ozl
Ol eoblp 5 gl d olSils  Sldl psle ouSails (2359 psle (S i 05T Sletdls Y
olpl eblp 2 ol J ollasls ( (Slusl pole 0uSadls (2255 psle 5 (S Son 098 Slial ¥
Ol esblp 2 Gl ) ol8adls o Gladl pole 0aSiails o359 (555952528 615> sszils ¥

RV

Bap 0 oo pl 3 1) Bge L8 slaglon A Dl aioy B o Sl slonl L by :dud g 4w
5,5 pe—igul ady Jsle slo ()5 Ol o, S3lge mped atbn (8 ST oy Sl Giagh
25Dy e ¥ Sl G (9 Cl s by 5 gl B (@) LAl j5 g (559,55 Jsle 5 (vegh
e WS 09,5 g 5ol sy by (i AS + o o5 YOV L EVVAY (35 (i) Sl o
Ol 4 g5 il Jodoeo (Blao (59,8 30,555 Bmob 5l anbs LAl wusd il 10 o3 + Cnlid 5 o 05
53 el iy oy s (S3lge et i Ah eld (i ped SS9 By el SolS e S e O
Al (6 =S o3l Real -Time PCR g, 4 oz opday S 8L infd g vegf o5 oo o)lime 090 10,5 Jla 5 (69, ,o dan
) glpel gl </ 0 (6 )ls e gl 50 (S5 53l 5 aely S el ly Jelos ool 5l esla il Ly
2lS e 5 d b 09,5 A Cad ool s g, S o ol > o a tnf g vegf sl 5 ol ilaasdl
O s s 09,8 B o daytnfit g vegf sla 5 ls 00 Byl sl (p<e /e e V) 8l islidl g (p<e /e e Y)
o3 6 S A 35 1oy e+ +)) 8l i alS g (=0 1) I3 5 4 Wl 03,5 Ay S
sladiges o (=l Sy 5 eladl sste 6l (m9)ld ;= cmlis 05t S (lgie Ay 0l e 0y iy (55l

e ad)S A e (b

W 55505 659,55 ole « Boye paaignil ) ol «cubis «s3lon 5559 1 golS slojlg

t))9 pole 9 (S Sy 09,5 (Sl pale 0usTiilD (yliw J olLG1S DU 35 1w 0] (Jghmeo ol g
d ) https://doi.org/10.22077/jpsbs.2023.6607.1810 Fathi.m@lu.ac.ir :g&igﬁSﬂ Cann),




015N LS (G e (o

aloz 3l va e SIS Gl Joas La S (Y-Y
9 =18 St ol o (NF-KB) * - LIS slawn Jole
Yoo Sgd—> ul_u NF-kB s_i..JL..io_m D (Y’ 'Y ‘ul)_f.:o
L5505 bS] oy slmJ5ga aile o5
Vs 9S oo S | (S, Jelse s bagnlS sl
SRS 31 Jslse ades 51 (ROS) (—iaSTy (5SS slaassS
TNFQU o ioli8l ioen aiie JL L gl o, Sloe
b8 sLnis ot 5o e Sl S o oy

D88 e S (g g (Sl Jelse (S
L) 6le lag o3 a5 o0l ase iie (glaslllas yo ¢ Jlio
Aan 40 j9; g )9, 0 48 T 888 o e VA e s
Aap S 45 oad 0ud o Jolae o (VN () o g
)l_».uo ‘r")M ‘_gl_éwyo u_lﬁ ;,Jla 5 \f\ _U_"L'j"b‘ 9
3 Omized (VoYY (5550 g e—olais) ojlas cls as
Gel s cJled a e VY 4 S sul i iin (glallas
Omyod ko sle adgel ;0 TNFO oo v jlo e ialS
ol e (Yo V) (5500 5 101 S5) 99 0 00,5
S Sl (ubs sladiged jo s (el OS
0 IL-18 g CRP dL-10 50 4 S (5 )0b a e wlon i
Sl 00 w)‘)j)_..os n.\_;‘oég.f oo)J U_'J'Q) as Hg;
WS o lilas 5 b laa (Yoo V (o, K0 3 75 150L5)
R g Sgid o8 03O uu’“‘“ﬁ)" C—’L"' 59 GsLasg_m.o.a:lJ
5 9—5 TNFOL g VEGF , s3lsa slaculd , 31a S oo
Ol = odigion Selawl slacdld S1a s Slllas

7. Fuentes
8. Frati

1. Gustafsson
2. Waltenberger
3. Vascular endothelial growth factor

9. Nuclear factor kappa B

e SBGT Ol 5 oNig piiony (S319B () pod Al il 5]

doddo
Sl 9 e el 0, Shoe L g 0 p0 S
L5 50 Gl 5 o5 35518 e sl33 L 4 05 5o
552~ el sLis oy St JLazol s S
(550 5 6,9l) Gl ol ad ;e g 5 a0
ez 1) lize glacdl o S, wwobs (Y-YY
55 Ol Gl e a8 (s any aes oo )8 3L
| gmndlinssS) S5 oo By o BblS 5 4l 5 o ir
= s () Sy ade L Sy (VA9 (), 00
oS 3120 gl (Bl oSl ile (g90ne ol
Sl 5 iz sLnJsS)n oo 5, i, L dlse
5 —leie)) o= (e B ST S i g (ke
5 ols o S, ieals o cls (Y VA ) Ko
ks Jelse sl 58 oSl oo 3 Sl 3L
Sl o ey - B loglom sl g B o
od_ b ot i (Yo VI Sl ol o ol b
sl2odi S 5 (VEGF) " 85,e JL_L5gail o, Jsle a5

B9 55 (oSl 4 s 50 (oot i
sladsl b 53,550 0, Shoe i 5 ;595 >
g Ve Sl (Y- ¥ oo, oo 5 "L Le) oS e L) ]
il s sLadiged i il 3 ol (snesiS
Gl 50 (il Gge J5iS pae e 4 | el
S5 S b B)lye sl Jlaisl (oSl 4
S (VoY 500 5 %52 abioe il 5
35l ke aoSnl 551 s Ve s oo sLndigad
65 ISt 3l s a8 Al o ialsdl ot o],
B sl 5,5 50 ISl 5T g s (il G e
Slseesno)5 b Lo ams 0i 2y (b hlos j0 a8
(=l (Slhgega,lS (Y VY "Q_w)ai) Sl ooy sl

Ol elbybiely o g el o, Shoe 10 a8 g0
5 S5lS YL aha s (Y VF (ol 50s 5 ¥ i) 55
Gl Bl eel i Hob A Loz a5 Plos
sle JsSNge g Lo plisas dapplisnlow oo g b5
Ol 5" 1) 05— e b8 Sl sl o 0t r

13. Erekat

14. Endothelin-1
15. Teixeira

16. Kadoglou

4. Marfella 10. Lorenzo
5. Chou 11. Tumor necrosis factor alpha
6. Pedersen 12. Yang




Y'Y o Lol Y 0590 N F+ ¥ yliuo)

Joloe 7 (b e Ly Lo, an o b oLl 5o
Celw FA o) Goe 00,8 5,5 Ol 180 o>
Sy by S8 cm iz S oloml Ly g 55 5l s
= Rl sl e o a8 S s 95 595
ol lawgs s 5 b o0ls 1,8 (6, olS s 59,
(st o5 "] 55"y 185500 Jae) s asSsls
loogS (g a8 watin ;o ok yo 0t 6 Soslul
Aan 90 Ode doy L slas; ad 5, S ojlul ubs
oStalejl o sladslue adsSamn (9o STZ 3,5 5l oy
A (5,0 eSS

09,5 sl odg iy Sl pe S Jyoar 3llas
5 o)) 90 S Jleel onlis + (o yeT 09,5 g (o oS
A=Y e els o o pod 0590 b 10 (VN0 o)),
OmreS (B 50 myeS  Emlid g o peT 09,5 93 o
Do Ay g A )0 Ao iy 6l 1,5 Jles U (s5ls
OIS e ped Do g S s 085l B A (S
99 g9, Jol asthn jo aiBo Ve (gl ahds o e Ve
b waado ¥ gloaads o, WA w5 A
7o e ped Job 5o G185l et a8l Al ey
0ol Cwd a6, 55w i gl 0l pda a0
iy A 0 (Do g Cae s (D0D) (o ped sl it
30 Sy A idiloly gl o an Bl a5 Sl et g
Al Jorbo ;5 1 osliial 2,5 oy S e 5 b
99 9 et Rl 09, Sl wa) wa b Gl o m
Lwog,S ant (55lisglons (sl ol b (ks 09,5 |
9 =S Glos 09,5l 5 s S yeT (S 05,5 ]
Al B> Bolal O jgo A s dw ploST o a8
G0 L eomped amdz 5Tl ey el FA e o
We2)3 93 Gkl g 9oy N eSS 5 (Blas (490
b eyl Ll S s g 0D a2 Lo
Do Sl La ol 8

\J‘})s 39 S jpele (69 31,5 Wil 4y pid

Wil 03,5 oy 1) (b losdised 55 () 9
op S by ol i (ol pls and cans S
= glain id oa 58 (65ls (i pad 0 )90 Sy 55
= sl oz ey 3L o tnfa g vegf Loy s
ealys ezl any g olis ko

G (o9

o5 tils S azeS 0l L as o mghy ol 5o
Slas (3T &5 (LUECRA.2020.69 aliis L) ()l )
YOY /-3 EVY/AY (55 oSl L) Jliag ol 5, 5o B
S ST s e 52 (asin A+ 5 0,5
S o Lo e Ly (6,551 jobaie a0l (gl 5
a3 YYEY (slad opeSiln ooibial Lol o atan Sy
L el VYOV Y S5 — ol g, a5 > 5 ol Sl
oo 5l Gl B )5 o) o509 slae g Ol as olj] s
) Sty e s i gl 3 wlip S
Vo095 ez o (olai ek an e o) aianh (g )lasSS
o 80 et Sl g o0y (b o J S el (S
o La (Holay Cloall voran 5 olwlid glm il
£ 89y (=B JSTsn hal jliaddllas 550 slaeg 5
olam el ples gl 0l BT o)t Lo
So dmoled o (Bolad Ojgo an DLl GladS )
S5 Loy 5 dod 45 oyl L5 et ools ol o5, €
Jloosl 785 S s (ipgy Jo e pled )0 o
005 Syl Sle g La i o (bl (o oS
spte dm il folie ;0 85 g0 b g L uiB
i Lac, aen oo, 5ls g ol tolejl Ll 5 Ly ls]
Syl gaaBo Vo V0 b )0 jg,; ) 4en 90 O
Sloly 8y oy Ay Bl S ls (595 i (aiB )d ;e O-)

gy el VY g gjlawlin] 0,90 LG 5 sy w050

(ST2) " (remwsgisjgs ol Jslne (Blao (9,0 Gy L lis
g9 Cmbo o Gig p S ekS p S e B Olie 4

ool 1o lyerl 4y (g yad SS9 S5 ) Jpor

1. Streptozotocin

2. EasyGluco

3. Infopia




0935 Lo ol (b Bl a5 (68 )l5 )3 5 5 laS DNA
o] lawgi oo ]Sl RNA e ilai 052> ¢ 9551 —
by o Josdl g ws wlowl 0 g 5l &S 5 DNase
RNase free Co5g,Soe S d 45 0l )lasd 550 4
s> x reaction buffer ,=.Jg oo S RNA 5,55 S0 S

5la>ly S g5l> DNase | v 31 s Szt MgCI2
RNase , ki o 5l esliiwl L g om0 ,5 adlol ta by o o

oo 10 o 0 odilw, ,dg e Vo an )] e dree
el Sore SCURNA 5500 31 (5 Sslor 3 laie 4y
S aide Ve gaba sl lay Jyo Lo O+ EDTA
S 3l STy p G 00,5 4SSl ol S s a0 £0
eDNA ;i gl gl o, &S 5 cDNA Easy i

o eolawl

e SBGT Ol 5 oNig piiony (S319B () pod Al il 5]

> Lo, ez ol cdb o8 g5l Joe jlan
Oy L g 0S8 amle (g )0 adolidl 5 u
ol F silw a0 Ve e slws 0 RNA zl el 5Lel
28 s B RNA 2Rl ES 3l ol sl Ly a5 oS
o el RNA gl el ol JSsg 3l 5 Gosbo o)l
cble i 65 o3l gl RNA #l sel 51 ey
Tk 5= 2d> ol o S 5 0 ] S Wl RNA
g il o 556 oSss LY RNA Jolomo 1 1ty S
b S33 ;egl VP o Jobo o (Ol it 9
—or srtie A Y IVAY (6555 Qi S (yrizron
Sygme 0 D)5 e g L RNA SS9l (5
S VA Y e 4 ol s olia sLowl
Js—a> 6l (S S8 ab ass 5 5 s s 1o RNA
L Sogl asszmm oois zl 5 W RNA oS ol 51 Lol

9188 (09394 ) RNA WL 95 5982 U 595 52 RNA oS (o) gulid ) S50

.o 1 35wl RNA Cawlio CodnS 1 ol (gum b a5 aod 0 (yLiS 1, 288

asS ol OL..M.» 9;.LL.|.9— 5).4..:Lw QHJ] FL».‘ Oy oolaiwl
l_.v u*‘—’l-')‘ﬁ ‘r..io.b 9 Sl kr:.»...‘a ‘4_..!5‘ le_fbob‘b &')53
O3l 5 4l S eyl Sl sl )l S (e
Sy 0yt P< /00 (gl e s o Sy el

IRy

aasdly
P Lad) ge 7Sl g ()9 4 4 by mols
4_»).?5 ol 00 u,u)‘)j d_w JBJ_?- )o R Ve le_boa)f
acaly S Geilyly Jedow o3l L L 00l (g Lol il
L8 aLac a8l o vegf slayy olas G aS ol lis
4. Avin

5. Graph pad
6. Shapiro - Wilk

1. RunMei
2. Realtime SYBR Green

3. Stem gene

Q200 oo )l cax]las Sy LSLDU) L}l_“" g_;'l"))‘ )3_14*‘1 a
"05 il TSl (o) S 5 (G | el 25 0
O eolawl UJ;).».‘LMJ c\.ul.a » (U‘J_" O—== p.._m‘ fu_’s—l) 2x
e USew Yo 5 e sl JaSTy plasl sl IS slass
b 59 S L Ladiges (5, = mmabihy STy ot ass S
Ct (uSles jolie g 0 plol (5 52 990 50 5 adges 1o (sl -
TS e 00,8 dule ¢ ),S5 L g0 j0 el lacd,
)‘)J‘fﬁ)" )| ool l_» 9 AACt (5‘4—5&)[&9 ws) )| ool l_:
Sl 4 gapdh 5 5l.ad )3 13 bl s e RunMei QC3.2
30,8 G155 27 Jgo b ol s 5 ool 551, S

sl 00 ua.?r_m.a

7. Levene
8. Tukey




Y'Y o Lol Y 0590 N F+ ¥ yliuo)

\o’"j)s 39 S jpele (69 31,5 Wil 4y pid

JrES 05 Lol pen adlllan 5590 slagy5 youly Wlasie g JIg .Y Jguar

gapdh F

AGTTCAACGGCACAGTCAAG

119 XM_017593963.1
TACTCAGCACCAGCATCACC
vegfb F ACCTCTGAGCATGGAACTCA
148 NM_053549
vegfb R CATGAGGATCTGCATTCGGAC
AACACACGAGACGCTGAAGT
119 NM_012675.3
TCCACTCAGGCATCGACATT

d)bw g_)gl_.oa l_.bos)f O— u_l.e ghﬁla tnfol L)) c_)l—"’"
as ol ol S QS—"}] c_al.u colol jo e ls (p<e/- V)
09,5 4 S Smbd 09,5 po b5 Sl nflt 5 ol
e 1 03,5 55 iy (el ) s S
G0 o jobo ay ((p<efe e V) Ebd 09,8 A o
% OmreS 095 53 (5 ol Ol eegdle Al S
‘u_:jw+c,‘_,b.> 03)_?5(p<’/“'\)wbo OS;L:MLM

Gl JSi) 09 =S (p=2/+ 2+ 0) gyl (—rn jota

asdllas 3 90 09,5 gz G 5o Hlimms Sl 5 slew,
7=l olwl o (p<ede o2 )) 0,10 3525 (50 e SIS
09,5 5> olB o8l vegl (5 (l (S5 (il (93]
(P<+/+Y) G ped + Slbs g (P<+/e o+ V) oud b sl
JEESC S5 NN VY S SO DURCR
09,5 w8 sl vegf 5 oo cogdle ay (p<e/e v+ V) D9
055 5 (e[t ) G yadt Sl 09,5 dy S i o3
JSB) 5 i )b eyl ay s(p<e /e oY) S
A ol ol aaly Sy ilyly Jelow (9o gl (4

axfllne 5590 (Lrog,S 5 (yd owd @ o5 o) (395 355 (55) (3 (939 Sl e A Lo Y Jgu

Oyl 0g,F Rbo 09,5

J S 09,5

YY£Y)A YYEYYS Y54 YY
\Y£YYA \OEYVY VWYY DEYAF
4 fyxy FEY FY LY
ANJRES Y - ANALY - ¥ - Y T M/f.
FoVEN/ ASIS £ O/F- FAEIAEVALE - UVVYEA/A -
YAY/ON £ Y/5- VERLE YYYISA £ 1/0- VA O/F-
8 (555 doya A0 loadol azila
A
. * Lo (Sl Soglith e :
3 / E CENEE S e
; ,% z e i —e—
13* A a Cypeitoaba- cpyed o = il
= oo s o —p—
J o . T i Sl el ——
. C_E‘ Crpeitaalba cabs ] ——
? 1 1 1 1
* r T r r VIO \ <0 . <0
S Loy, Cpet eSilon gl

0935 Lo 15 oo gLty el i .l 00l din Lo Lt 09 )5y vegf (45 (sl A (s j0 ¥ S
Oty b d 09,5 L Hlo o Wgldi Al O ¢ ;=S g st pod 09,5 Lyl o Wgldi LS T ¢ S
ORI PSee | uo,; 590 4y 90 A_m:l.ﬂ.n S )9t O é,.' u,—o)T CHLJ B J}_"u 39 J)_’»‘.J 9

.




Ol g LS (S ye (o e SBGT Ol 5 oNig piiony (S319B () pod Al il 5]

A (S 8) dumys A0 ol acdls
B

* N )
3 f o QU e s L e T
. [ ] :

2 . %. g Sl = =8 : =
,') _
S Y Ol Sulia el -
= T s s
T ¥ 1 ] T ——
] T3 i
T d v Cotpedt Calid- Sulys
1 \ %r; P .
L) n T T T T 1
< h 4

T T T T \ \ Y ¥ ¥

e s e e [POUR SRRV < ORGP

Oglay Al i .l ooy dwo o Lo 09 5 o tnfll (5 slon A ity )0 sy jo .F S
B At 3. J ;S g 2y i 09 5 L 10 (oo gL T i pod 9 J ;=65 09,5 Ll e

sl ool L0915 (699 4y 93 dunnUilo 3 y9m0 33 (=S¢5 (390l Ty L

By (b i bl e i) ol g 0l o
) 39,5 5o vegf (s 33T 5 Gy e slpelgus s

(YA (550 g 005
G3lad (i yod aian i aS ol s ol aslllas mol
sl 18 8l o vegf 5 law 9 Sles o oty ion
5 S ST g9 wiz e aas ol (b
otin Ll ol gl e Sl ¢y Sas o tingly Ly
J=B ok an (0,5 e (59, (09 Dl el A4S o0
it i (sLa e ol 3l vegf 5 o s
0ads (yo,)35 —agh ;0 (YN (), 50 5 Tes ) was o
vegrf o5 ol il 8l cel el ul o e aan Ve A4S
o3l g) D9l so (b lo yige B o8l o vegfr2 4
Ay el al el S 00 )5S (Y VA oS0 g
09,5 vegl 03 ol Olie Wl o0 s atin St Das
SNge—) a5 il (6l e jo b an | (ks (el
Lo actbly  ans 45 ol (o 4o ool (VYN 2,500
0dd p)l35 Aged laie A s 9o ol 0l L
Sladiges BLST S5 1 6,50 Gl el oS
G oz (VN 0503 9 6,5) o)l (b
szt 35, el St o el e Jlad S a0
? ) 0SS e ozl (g,ls xe ;a3 NO 4 VEGF
30 de—2g0 sl cul - Sae (Yoo F )50
(myed 9 9 Doh aiile (Halge 5l (b 09290 mols
aS Cwloads as b adl oud bl a8l gg s L
SS9 o H90y98 (Sl ( Sl Jslse Sl (lae gone
sl IS 56 VEGF e st ouedllad Sl 5 ol

1. Share stress 3. Egginton

2. Karamysheva 4. Eeket

Sols L clys gLl as ols oylis ol a sl ol
L8 o8l o vegf 5 ol o e (ialS el STZ
Jr=uS 09,5 sl L awglas jo woas ko sloaw,
vogl 5 sy nlS olyte Ly (shaallle sy oo ol
VEGF (, 559, mRNA ;Lo aS ol olis o] sleess u5 4
5 b (mlme slaige 0 s 50 ] (lwoni S
=) SIS jolo an (gl A poliie b e
s dsle ol ol Ll saly (e ialS (aopn Ve LS F-
e Lo bge lasyesls 5 aSe ;o ()] slpons S
S ol e 0 (e 0L 1l 99 el 4 ol i Ly
lacdl ol 0bs Lo am gl 792
O 5 92) 0SS e (ermb o> a0l (e g (B
aS olales sl g0 vegl o (god e Jlge (Y- - Y
OB o 5 (Sl o oS g (egliie (o oS
5 NS0 03> Ol sl A U ey e co
3)ly Bare o)l o oy 51 )0 a8 (Selusgen (59,5
VEGF (o olil any jomie (o G Glis ay w0980
et S g (VWY (] 500 5 (2L )9) 00,5 o0
Sl VEGF 00iS Ll Jslge oy St 5l (S0 5 Cmlis
OeST Glime 2alS Ll s vegf 5 APl ol
Gl 03 )15 8 G lise S5l slacdl 5l il
ol i ol8 L g ST aealS (Ve oA Tyt S)
3 =S, Ll sl (S e cl S (S gile
(9 P 5o (Ve A e niSh a Bl (555 4 sy
Gl Ve Lo Ve vga > 0 I8 0 55 Lo >

5. Thijssen




TS e 5 09—t (Sl (ol e a g 009

IL-Tra i3l ()] JLss an g IL-6 iol38l cels ¢ Jgl a0
Lo IL-10 Jale (Y oA ey 97 jele) 09— 0 IL-10 4
TINFOU o5 g 4 ¢ —lodl s sl pnlignlw o Jg Bi >
Ol 50 5 bl 08 (oo S | (el Loy b
0l Az b ool ioagh slaadl L swen (V-1
TNFOU g 4 59 oo el Lt 30 ain VY oS
63 LpmeS3) 0l alS (6)lsne jo-b Ay (0l 09
o —oglin (y a3 4 S 00D ate i (V)Y Te g
ko slao; B8 e 8l o TNFOL )l e uals
o=l (YA 500 5 868 Ll gowle) 05— o () g9
Lo g oy yduy (—hoglie Sl o3 a5 (Slalllae o g9d90
o) Sl 05 ol 5 ol 00,8 Jluasl 1 slss
G S ol s lalllae 5y (VY oS
2 aiBe Fe-¥0 e o L Jlez) ilse e el
Lo S 09500 TNFQ )3 (552l ot Ssl d(ad o
VoY )3550 5 9 d50) cs o asllae 0l =S
=l e b ol 8l o by e dled Cgdlas 51T i
i 3 g NF-KB iy Jole Lo sl o1 5=3b 5
(el TNFQU 51 50 gl a Cnglae ol jo cdadlns
D=3l JPo ()58 pes 5o Cl - Sten 45T (G0
glsl ln 5 ptate (Sl (Vo Ses 57 02)
Cdadlons (mly o Sl L b e (e (slags Lo
Gl gl ol lsie ay Sl oy Sas g 0 o sLon!
(o 9 595te) al ade (re e Lo la 5 (o
pa—s a Loz 5l olacogame ,ol> i agh o (VoA
Lo o lomadly obns 5 Lags matis g ol s eSe3lad
=S slacnlsnlw plow (6,5 ojlaiil o izmen
Lo oml Ol (=l S 5o cdlsioe a8 3,00 5929

ams 4l 1) g, els SLedb|
Sl (T 099 Sy vy o0 LS Ay (6 S AR
s vegl sla o5 plae Jaosd Gk 5l ol (e 0y in
el sl 09 31 oy 1 Slym (T Glgie 4 stnfar
sladigel ;3 (S mlBl s oled) Aals p ((mg)lo e
o=lamlian ez e, Sl Saagioye e nbs

3. Batista
4. Teixeira de Lemos

1. Fuentes
2. Mathur

Y 6l Y 090 AFo¥ liaano

0339 90 (S jpgke (69 3,5 Wil 4 yls

..\_w)sn)_bzt_:cv_:‘)_;05)l_c (Y‘\q ;u|)_in>3(_§~.\.~@‘_w)
LaS, 59 joeg 5 O3 sloasd sloml § cnls il
S5l ed (=S Jslss 5wl g5 (5,5 Gl ]
Sl jod 4S5 00l et b piomad (Vo A de i )S)
S y=aS s i o smalil Sl ol dy Cod —inglan
S8l e o dS g as HIF-T o, 5 Jlas U o] codlas
Ol 30 ¢y po3 E4— —= S csls Llal Q‘ﬁ—.'.gs"
(e—)y9 slacadlad sl jo il 5,50 SIS,

ol 5 ISl e S, e il | e
(S 5l Olson b o 5 etes 5l A g5 o
slponss gluil Lactsbio (o Seoliysgen slag s
aplauln 5l (20 (e, 5 (e ALl By e

YWY (0 9 2lb,g) 0,5 o)Ll
b e tnfor o5 Gl aS ol ek de ol ey jo
ol o Sl gl jeb b sle o) S
ol ol il s sl S aia e Gl ol
Sladllas plow )0 0sdge s o il o kel Jle
TNFQ 59 5 (05 Ol Olie 45 00d (o tis 5
Ol (= 5 el ity cbs A Mt GlLe o
S pSamiz Jl j5bay Lo o glaadly ;o Jsle o
A S Lol Yo o) Koo g aldye) ol oo i3l
O G853 TNFO o dg ol gsie (o2 <3l
Seel o151 b slaclall L g (Ble ol Jlail ol
Gy 45 0,0 05> gadled 09l Jle ol ioli8l
S Shoe LB 59 ,—d « S35l (895 e e
TNFOL a Loz 5l alainlSsnln adse Liliil Ly by
Sl (Al po Gl (YWY (), S50 ’u,,_:.;_é) Sl ol o
g JB Gl s o)ls (mleddlas ISt 59 48
Sy on il a0y 5 o TNFOL Lo el dL-10 4IL-6
s omlgilas Sl gl v Lac 5l Ete IL6 4§

5. Macedo Santiago
6. Chen




Ol g LS (S ye (o e GBGS Ol 2 0ig plien (5398 oy o AkaD il i

SIS 352y Siegh odig i (S5le ()9 (i yeT Sy o0 LS Ay caslllas

P g Floyad el o (S, e Jlse S Lol

Wy o) (ol asbgbl Sl g e adlie ] Jslye (S oSS g g 005 ablie ubo
o Ciglbae I BT ol (59 pode g (S s et ks sladiges 3 (=S,
a8 1) gl ol Sl aie) a8 b JolSils &8l 2,
Dy go St radlos gl ol bl 5 2l o B ai g (odlie (5L i

&L
American Diabetes Association (2010). Diagnosis and classification of diabetes mellitus. Diabetes Care, 33 Suppl 1(Suppl

1),862-S69. https://doi.org/10.2337/dc10-S062

Bakhtiari, F., Matin Homaee, H., & Ghazalian, F. (2019). The effects of 4 weeks aerobic training on oxidative and

angiogenesis markers of cardiac tissue in type 2 diabetic male wistar rats. Armaghane Danesh, 24(5), 892-905. [In Presian]

Batista Jr, M.L., Lopes, R.D., Seelaender, M.C., & Lopes, A.C. (2009). Anti-inflammatory effect of physical training in
heart failure: role of TNF-alpha and IL-10. Arquivos Brasileiros de Cardiologia 93(6), 643-651. https://doi.org/10.1016/s0735-
1097(03)00848-9

Chen, Y.W., Apostolakis, S., & Lip, G.Y. (2014). Exercise-induced changes in inflammatory processes: Implications for
thrombogenesis in cardiovascular disease. Annals of Medicine, 46(7), 439-455. https://doi.org/10.3109/07853890.2014.9
27713

Chou, E., Suzuma, I., Way, K.J., Opland, D., Clermont, A.C., Naruse, K., ... & King, G.L. (2002). Decreased cardiac
expression of vascular endothelial growth factor and its receptors in insulin-resistant and diabetic States: a possible
explanation for impaired collateral formation in cardiac tissue. Circulation, 105(3), 373-379. https://doi.org/10.1161/

hc0302.102143

Davari, F., Alimanesh, Z., Alimanesh, Z., Salehi, O., & Hosseini, S. A. (2022). Effect of training and crocin supplementation
on mitochondrial biogenesis and redox-sensitive transcription factors in liver tissue of type 2 diabetic rats. Arch Physiol

Biochem, 128(5),1215-1220. https://doi.org/10.1080/13813455.2020.1762663

Egginton, S. (2009). Invited review: activity-induced angiogenesis. Pfliigers Archiv-European Journal of Physiology, 457(5),
963-977. https://doi.org/10.1007/s00424-008-0563-9

Elahi, A., Khaledi, N., Motamedi, P., Askari, H., & Rajabi, H. (2020). The effect of progressive resistance training and high-
intensity interval training on cardiac nuclear factor-kappa b gene expression and serum tumor necrosis factor-alpha
(tnf-al) in male diabetic rats. Journal of Isfahan Medical School, 38(575), 317-324. [In Presian]. https://doi.org/10.22122/
jims.v38i575.13095

Erekat, N.S., Al-Jarrah, M.D., & Al Khatib, A.J. (2014). Treadmill exercise training improves vascular endothelial growth

factor expression in the cardiac muscle of type i diabetic rats. Cardiology Research, 5(1), 23-29. 10.14740/cr314w

Frati, G., Schirone, L., Chimenti, I., Yee, D., Biondi-Zoccai, G., Volpe, M., & Sciarretta, S. (2017). An overview of the
inflammatory signalling mechanisms in the myocardium underlying the development of diabetic cardiomyopathy.

Cardiovascular Research, 113(4), 378-388. https://doi.org/10.1093/cvr/cvx011




Fuentes-Antras, J.,loan, A.M., Tunon, J., Egido, J., & Lorenzo, O. (2014). Activation of toll-like receptors and inflammasome
complexes in the diabetic cardiomyopathy-associated inflammation. International Journal of Endocrinology, 20(14), 84782-

7.http://doi.org/10.1155/2014/847827

Ghahramani, M., & Karbalaeifar, S. (2019). the effect of interval training on cardiac angiogenesis capacity in rats with

myocardial infarction. Report of Health Care, 5(1), 9-16.

Gustafsson, T., Puntschart, A., Kaijser, L., Jansson, E., & Sundberg, C.J. (1999). Exercise-induced expression of
angiogenesis-related transcription and growth factors in human skeletal muscle. American Journal of Physiology, 276(2),

H679-685. http://doi.org/10.1152/ajpheart.1999.276.2.H679

Howangyin, K.Y., & Silvestre, J.S. (2014). Diabetes mellitus and ischemic diseases: molecular mechanisms of
vascular repair dysfunction. Arteriosclerosis, Thrombosis, and Vascular Biology, 34(6), 1126-1135. https://doi.org/10.1161/
atvbaha.114.303090

Kadoglou, N.P., lliadis, F., Angelopoulou, N., Perrea, D., Ampatzidis, G., Liapis, C. D., & Alevizos, M. (2007). The anti-
inflammatory effects of exercise training in patients with type 2 diabetes mellitus. European Journal of Cardiovascular

Prevention and Rehabilitation, 14(6), 837-843. https://doi.org/10.1097/hjr.0b013e3282efaf50

Karamysheva, A.F. (2008). Mechanisms of angiogenesis. Biochemistry (Mosc), 73(7), 751-762. https://doi.org/10.1134/

s0006297908070031

Lorenzo, O., Picatoste, B., Ares-Carrasco, S., Ramirez, E., Egido, J., & Tunon, J. (2011). Potential role of nuclear factor

kappaB in diabetic cardiomyopathy. Mediators of Inflammation, 2011(1), 652-9. https://doi.org/10.1155/2011/652097

Macedo Santiago, L.A., Neto, L.G.L., Borges Pereira, G., Leite, R.D., Mostarda, C.T., de Oliveira Brito Monzani, J., ... &
Navarro, F. (2018). Effects of resistance training on immunoinflammatory response, tnf-alpha gene expression, and

body composition in elderly women. Journal of Aging Research, 20(18), 146702-5. https://doi.org/10.1155/2018/1467025

Marfella, R., Esposito, K., Nappo, F., Siniscalchi, M., Sasso, F.C., Portoghese, M., ... & Giugliano, D. (2004). Expression
of angiogenic factors during acute coronary syndromes in human type 2 diabetes. Diabetes, 53(9), 2383-2391. https://

doi.org/10.2337/diabetes.53.9.2383

Mathur, N., & Pedersen, B.K. (2008). Exercise as a mean to control low-grade systemic inflammation. Mediators Inflammatory,

20(8),1095-02. https://doi.org/10.1155/2008/109502

Monzemi, A. H., Etemad, Z., Nazari, A., & Mhammadi, M. (2022). The effect of eight weeks of endurance training along
with cinnamon extract consumption on expression of angiogenic markers in endothelial dysfunction of the coronary
arteries in streptozotocin-diabetic male rats. Journal of Sport and Exercise Physiology, 15(1), 11-20. [In Presian]. https://

doi.org/10.52547/joeppa.15.1.11

Nourshahi, M., Taheri Chadorneshin, H., & Ranjbar, K. (2013). The stimulus of angiogenesis during exercise and

physical activity. Quarterly of the Horizon of Medical Sciences, 185(1), 286-296. [In Presian].

Pedersen, B.K. (2017). Anti-inflammatory effects of exercise: role in diabetes and cardiovascular disease. European

Journal of Clinical Investigation, 47(8), 600-611. https://doi.org/10.1111/eci.12781




Ol g LS (S ye (o e SBGT Ol 5 oNig piiony (S319B () pod Al il 5]

Rahmati, M., Gharakhanlou, R., Movahedin, M., Mowla, S.J., Khazani, A., Fouladvand, M., & Jahani Golbar, S. (2015).
Treadmill training modifies KIF5B motor protein in the STZ-induced diabetic rat spinal cord and sciatic nerve. Archives

of Iranian Medicine, 18(2), 94-101. PMID: 25644797

Roozbahani, M., Jamshidian, H., Mahmoudi, E., & Arshi, A. (2018). Angiogenesis: a review of molecular mechanism. The

Scientific Journal of Iranian Blood Transfusion Organization, 15(1), 59-70. [In presian].

Shahavand, H., Hosseinpour Delavar, S., Behpoor, N., Safikhani, H., & Azizi, M. (2021). Effect of aerobic exercise on
vascular endothelial growth factor-B (VEGF-B) gene expression and total tissue antioxidant status (TAS) in diabetic

rats. Journal of Applied Exercise Physiology, 17(33), 73-87. http://doi.org/10.22080/jaep.2021.20280.1996

Shahidi, F., Yazdani, F., Gaieni, A., & Karimi, P. (2019). Comparison of the effect of eight weeks of moderate continuous
and sever interval training on cardiac angiogenesis in wistar male diabetic rats. /ranian Journal of Diabetes and Lipid

Disorders, 18(5), 236-245. [in presian].

Teixeira de Lemos, E., Pinto, R., Oliveira, J., Garrido, P., Sereno, J., Mascarenhas-Melo, F., ... Reis, F. (2011). Differential
effects of acute (extenuating) and chronic (training) exercise on inflammation and oxidative stress status in an animal

model of type 2 diabetes mellitus. Mediators Inflammation, 20(11), 253-61. https://doi.org/10.1155/2011/253061

Thijssen, D.H., Vos, J.B., Verseyden, C., van Zonneveld, A.J., Smits, P., Sweep, F.C., ... & de Boer, H.C. (2006).
Haematopoietic stem cells and endothelial progenitor cells in healthy men: effect of aging and training. Aging Cell, 5(6),

495-503. https://doi.org/10.1111/j.1474-9726.2006.00242.x

Vali Zadeh, S., Motamedi, P., Karami, H., & Rajabi, H. (2018). The effects of endurance training on gene expression of
vegf and vegfr2 of cardiac tissue in type 2 diabetic male wistar. Journal of Arak University of Medical Sciences, 21(6), 107-

118. [In Presian].

Waltenberger, J.L. (2007). New horizons in diabetes therapy: the angiogenesis paradox in diabetes: description of the
problem and presentation of a unifying hypothesis. Immunology, Endocrine & Metabolic Agents in Medicinal Chemistry, 7,

87-93. http://dx.doi.org/10.2174/187152207779802536

Yang, J., Park, Y., Zhang, H., Xu, X., Laine, G.A., Dellsperger, K.C., & Zhang, C. (2009). Feed-forward signaling of TNF-
alpha and NF-kappaB via IKK-beta pathway contributes to insulin resistance and coronary arteriolar dysfunction in
type 2 diabetic mice. American Journal of Physiology-Heart and Circulatory, 296(6), H1850-1858. https://doi.org/10.1152/
ajpheart.01199.2008




