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Abstract
Obijective: Diabetes is known to accelerate endothelial cell dysfunction. Meanwhile, an
adequate physical activity is recommended as a nonpharmacological treatment. Hence, the
aim of the present study is to evaluate the effect of two different time periods of regular
swimming exercise on serum levels of NO, VEGF, and TGF-B1 in diabetic male rats.
Methods: We randomly divided 28 male Wistar rats into ¥ groups of 7 rats per group -
control, diabet, diabet-train 30, and diabet-train 60. Diabetes was induced using alloxan (90
mg/kg, intraperitoneal injection) in rats. The animals performed swimming training for 30
and 60 min for 5 weekly sessions, for a total of 8 weeks. The rats were killed 72 h after the
last training session and was measured the levels of glucose, insulin, NO, VEGF, and TGF-
B1. One-way ANOVA was used for statistical analysis (p<0.05).

Results: Diabetes increased the levels of glucose, insulin and TGF-B1, whereas it
significantly reduced NO and VEGF levels. After 8 weeks, 30 min- swimming training,
causing reverse of health changes compared to diabetes (p<0.05). 60 min- training did not
make significant change (p>0.05). But there were significant differences in the levels of
glucose, NO, and TGF-B1 between the two groups that trained for 30 and 60 min.
Conclusion: It seems swimming training with enough time, which is sought for diabetic
patients, can lead to a protective effect against cardiovascular disease by impacting the
endothelial function factors in these patients.

Keywords: Diabetes, NO, VEGF, TGF-B1, Swimming

Pathobiology Research, Vol. 20 (2017), No.2, Pages: 37-48

37 Pathobiology Research, Vol. 20 (2017), No. 2 1%


https://mjms.modares.ac.ir/article-30-6247-en.html

[ Downloaded from mjms.modares.ac.ir on 2025-06-13 ]

Jwo! Ao

o Tolw 31 ©gliko Do 93 b Ll plaivo (9 303 0399 9 il (g o
Wy OB gt Jol g (99 58 P aali gt vy Jole e luS| Sy
HbS P (P o Sige 01— B
" SS15B 9
O sl e oDl 1T ol (g3l ol ¢ 5558 S50 50 09,5 oliiils -

Sl sk oSl (gl domly (Sl 31T o815 FAVFVVARIA s dS (6ol ¢ | 1 s 0y 5 o p3Tie
Email: farzanegi@gmail.com

YR AL RN FI Y WMNNF Alie 2L s

oS>

. e

=90l = LSl Ol e 0555 olled ol JLE 5l s S a Pt cculs gladely Sl (S icbis
S e b i U (e a5 gl De 3 G alie GOl e S s ol sk e s
Sa ks S ales Sl e 53 V-l Ay ekias i ble 5 By padisdl A, el L)

s = Eals by (@M= d S (V) 055 8 w0 Balad ot Sl s 5 ol o ige e YA A S5 5 50
A3 G (o S hTp S o 40) OLSIT o 0555 Goo 3 b s il oo (5ladds T o el = Suls 5 (gl T
o) e sl VY sl plol ) aids 1o 5 ¥ (Gl o a3 catin 53 acds 0 waia a5 auis A Sew a5 a3
Al edias i Jele 5 B p i sl A SB ST S A0 o gl SIS o shas s 4125 (0 e adr
(P=2/00) s eslinad baesls Jowd gl 5 20,k K il sl 0se31 51 A (6,83l L

Sl e EalS )= Lo d edias ok Joale s ol sl S5 I8 Ol (Rl o e oy Sl i
s S (sl DA o S o o L (glai33 Y0 s o5 a2 A ) ey A3 B350 p s sl A3 Jule L)
s e sl o (P>0/00) 5SSl Iy e i (glaads Ve el oS5 (P<e/00) A culs o5 8 4
A edaline (laids Ve 5 Y s e 8 e V- b Ay ek ows Jule 5 LS| S (SIS Coke s

s ,Shas Jalse o S0 L ol e disl Sols Jayl s b enlite oS 35 Sote L B o 5o oy oo il (5 5w

AL il Ol cpl s By el il oy Bl JI L sl

b o o V= by iy oy 1oi5 Jale o Fape padlisll A3, Jele (LSt o ecals 0B35S

FA-YY oladen AFAP Glicali ¥ o jladdi oY+ 0490 (o) oeolid caseuT (sla hia g 5

TRV
Jo L5 adid 03y s 5 s Culs 45 Dt Loyl 4S Sl Sl o0 Dltl S (Diabetes) ubs
5SSy IV de) dalss 8 Osden 000 51 2 4 Yot ol o D] i e yeeie a3 (WL slis oy
e oS col sl 4 el Y ¢ by gladasis 03 8Osk Yoo 51 A o Jb s <Ll s ils
3 WAF gl Y o jlac Y+ 090 e ) (seulicd ol (5La i 9 5 YA


https://mjms.modares.ac.ir/article-30-6247-en.html

[ Downloaded from mjms.modares.ac.ir on 2025-06-13 ]

b sla i go Jo TGF-B1 gVEGF NO 7 shacu y3 Lk (43 ya3 il

O b =8, 550 K Lol (factor-B1: TGE-BI1
Al Gl Bl a5 S 05l S Yo S
55 B3 5 B2 TGF-B1 Gl a TGF-B o, 55l 4
055908, 68 TCF-Br a8 ol ol atlis Ol
22 S as b s cd ik o S 5l e s
TCF-RL [W] el o 5 a0 o il Coglie 5 L
sle gl Ol sl s 1y g Al
sl 55, 5 (Glomerulosclerosis) ;5 \Suly o 518
S Olgsa Sl (Sen 5 AS o Wl (g0 b ka0 (S
el S ) sy Pl 5 A4S Jee SSs,m ble
3 VEGF V] 355 by o O GRlil s 02 58
Cllses LU (ghyls Wl 53 o 2158, Wl e TGF-y
s JUS 500 sad gl 53 55 sk o (5400 2 S o
Sl (Sl S e 511 JUs 50 (slad b VEGF
S ;s TGF-P1 s A4S o lasl=s (ApOpLOSiS) ol
TGF-P1 eomen 5 V] Sl o 55500l 1 Jshor S 1o
D] Cr 35 SDlae o J2alS S s
5 =Sy el o Sl (ol =l ol
3 Slam sladde 5 0Ll s LB Sl Gy e WSS
il o 5 S bl sl ola ollas [N 0]
GRS U s GRS GRIR Gk 1S a5 e 23S
Sl M o535 o Jlesel S a0 0L~
S NO s edld (Rl e (o3 25 55 JI%e
(Y+)) OlKen 5 (Maiorana) Ul ple [\V] 555 o VEGF
G  meslie 5 S5l S S Sl e sl 518
Obleg 53 05 Ol SRIBI) ool B0 plusl =y
Ol andllas el Ormmes DAl Cd ol ¥ 6 5 s
23 Oure S FALS o pe a5 Sl sl
TGF- 0l Il 51 0558 2als LaS 553 o e (la b 5o
sdalin (g i Oy la ise 534S Jl> 5 g ol yen B
Al 0lEl (Vo)) 0,Lsea 5 (Kwak) oS1,s [1a] o

39

Endothelial ) JLL 5051 s Shes 55 It s iy g0
5 sl s Sl Gk 5l (cell dysfunction: ECD
S (6 ,5ba 1] 1L (Oxidative stress) sila.s! ozl
4 S AL BB (S0 5 B sl len el el
18] e Sals ssle 5131
S e kil s s S L0l
3 R i 5 S Al Jlaeliil o (Angiogenesis)
A STk al 0] 35 0 Slee (ames G 5 B 0
33 gl Jalge ol (3L gl L3S, 5 s s
LS SO 2 4 Ol e 0T 5l Stz Lt 1S,
s pslisiila s, Ll s (Nitric Oxide: NO)
o, il (Vascular endothelial growth factor: VEGF)
W g 2ol s 53 T s Sl 5 A5 oS s gl
S S s DAL L s S50 NO ]
il = e tsl S 05 S O gt 31 aS ke
olas 53 L 5 ol By gladl ule 55,8 o ol
3508 dile plalS e i s 53 5 358 L LasL
slads . (Shear stress) i 55 5 Cal 55 O35S
Do &eliNO Oljoe [halS V] 552 g0 5 JLS 500
o 33151 28 s Ohley 055 55 5 ks S50 ¢lus]
Sl G138 03 e Jolse 51 S VEGE [A] e
Wb 5t sladsl oS 5le 42 IS5 (& 2 lge o
Ol s3basl3l 5 NO W5 (e 5 35,0 slaasis |
daly s ol o 4] cmud S5e JUW st sladshe s
L S (S, Gob SISl e sl UL g
Cls 5 o SRl b el 5 s oyl VEGE ) 50
30y Shals a8 o sban [A Al pd e Dt s
53 (aale Y8) e gla oo adS il s 0T glaos S
Lo 1S e Lo 5 (a8le ) Ol (sla o g0 L gl
S zi (Cytokines) La S sl ¢ s b 51 [V ]
LaiS sl nl onfete 51 Sl el sladis, s
Transforming growth ) \- Lo as, sas o Jule

Pathobiology Research, vol. 20 (2017), N0. 2 4


https://mjms.modares.ac.ir/article-30-6247-en.html

[ Downloaded from mjms.modares.ac.ir on 2025-06-13 ]

oot oy Al Ll 35 eSS e sl
w Slio Joh ISa 4 slib el VY 5l g 5 Jsks
S A G p glaids Ve 5T el s cbs glaes S
3105 o kst a0l OAE by Lasis gl el VY
Slestanad by s as S kil S s i osio
Chle s Sl e,y 055 8IS eS8 oSais
Rl lpeas s 53 08 ke YOr 51 22 0 SIS

MTas s S s la b 0ds

s 4wl

31 L el ads Ve s Y (glaes S (gla sl
Soded S anin G Sdeds andr ey (ol asl g 50
Al A e3ls s s b LT iy 4d35
s St S 5 L Sl el gty el o3
Yo S A s Sas g e ks a g atis A 3 08 s
INTas ol 8 Sle amn YY £ Y Ol jsaids e
e 508 Sl ot Sldn 5 JB Oley ak3s iy rames
Ao as S ks Sl 05 S

AASA j\w}&ﬁwdij\meﬂ VY
JH G5 L se dd ol S0 il cels
(p S 5k8/p 5 e 40) (Ketamine) alS 51 S 5 Jlis
ol hsgm (o S 5STe S Le Ve) (Xylazine) o515
A el o 0 Ol s o S 51 S 0
Gl 3S Bl aa =V glas b 55 b 5 alolidl
TGF-B1 5 VEGF INO (5l S 58 = lan (5 S5l
(3as6les Sl U 5l 6,8 il (sl s 6,
A el Ve 5Ll e A ele 5l S e

e B T A
Wyl o) S8 oS Sleslinl b 5 5laast S 418 sl
s sl s e pd il mla 5 (O
DRG rat insulin .S 3l sslazul L (Radioimmunoassay )
International Inc s & ==L high range ELA 3985
40

S35 2952
e U s ol L [V ] A e S o
380 5 sltle e SlasilSe 2 sl p L3 355
el 3 me 5l ST 2oL UG 5

53 s 5 Gl L A L 2 il
Uil TGF-B1 5 2als VEGF 5 NO _iss ol
3 esle g 5l s o0 sl i 5 Al e
Lo 51 58 ol ssba 5 L (oo 5 Logas) 55l
ch ol oe 36 tass 5 ool el eslind
a5 ol ol 031 1S 1 Jelse pl e
ol Bl s s SBS, s g e sl 1B
3o3m Jols sp b Soe S pmen e 131
Yoo oslie Do 5o b L ate o a0y 50 S s
SLsise s TGF-L 5 VEGF INO 5l ais T

LB, g 3l

ST o8ty GOl anaS 5 ol o Eash
IRJAU.SARI.REC.1396.54 15 L (s L a1y oD
05,5 Lolran 0ga31 oy b 51 eslizdl Ll s &
3 ok A5 slada 00— 8N WL o)y s YA (65 (J S
JEIPE ORI BRI NS S LTI PRt
3 5 AT SUl IS s
Eoan Bolal gt o s b glarin 53 (5,850
slads Y el - ol ol e —d xS ey S
(o3 8 2 53 5 V) Lkd o (gladds T el — il
YexVoxVo bl o i s agsy b ol
by Olsen 5 31,5 Sl ammys YYRY las L (g 1 Sl
LA UENTY Lliy, o Kb et x5 doys 00
s 53 4SBT O pon 5L 3,50 ol gliE 5 T
s ag (Ol 4@5) Do 4 IS, ek il

OLS Il 555 & Jlio S Gasp o> Wl )y
o5 A 4) (Alloxan monohydrate) <ol des 5 e

AWAF gl Y 0 jlac Y+ 090 e ) (seulinch coul (5La i 9 5 £


https://mjms.modares.ac.ir/article-30-6247-en.html

[ Downloaded from mjms.modares.ac.ir on 2025-06-13 ]

b sla i go Jo TGF-B1 gVEGF NO 7 shacu y3 Lk (43 ya3 il

UL ITCIUU V-2 Y I B0 P P P PG | N O]
b Sl e Gl e oy GWIANOVA il
A Sy b il 2S5 gl 4 caslie 5 SIS
DALS o SMRBS Y ad 0 S 55 Ly el anie
Al eslas 5 (P=/ee) S5 U5 5l e
o5 S a0 Cand (P=2/00t) o gull JalS aalsl 5 (P=2/00Y)
o 28 LS o 0l 4B e SOV dsdr) As s
(P=/eoV) o pilan Cglin 5 SIS Sl gne ralS
Olse 534S J= 55 dd (P=+/0ve) Sl o5 8 & o
e 53 sdalie Sl gae ks (P = /YD) oy
ST et Sl S G o S5 s Osnsl ml el
3 el Saslie 5 sl S SIS 2 slan s agEs W
() Jader) (P>e/00) wis sdaline Hls cme 3Dt

NO olowdly & sl Sl sins a8 orse 2alis U
SIEB> T s 03, 53 b e aain A Sy A3
055 4 Cawd NO #slans (P= o/0)) Sl pme ol o
Lo o el ids 1o s () Jsds) A3 (P=2/00Y) ol
(P=+/8AL) &ilis 05 S a0 Cund NO s sme 201531 (s
it oS5 e O3l @l el e ) A
sdalin Hls jme G| 30 alds T 5 Y el slaey S
() US8) (P=+/vey) s

o Caslie ) Sl e LA ol (K ) DGR
Homeostatic model ) HOMA-IR axl3 5l -, .l
o2 Jol> bl as (@assessment/ insulin resistance
ke 53 (st 0,5 o) Lodly sl 55,08 ke
B e (A r ol 5500) e SLSL 5
L eslazad YY/0x\A

Y e, L TGF-B1 5 VEGF NO Ll
L s (Enzyme-Linked Immunosorbent Assay: ELISA)
L (o) Bosterbio «s i o sase .S 3l esland
VAl /e S S ) e S Ve i Sl
A e A Jen [ S 5

S s 5l 0030 51 laesls 355 0330 b s 812
Oga31 51 mslly omslens puns (512 5 (Shapiro wilk test)
Limss bans b g A oslanal (Levene's test) o)
oneway ) a b o sty Jdsw Osesl sl eslinad
S35 in 0se31 5 (Analysis of Variance: ANOVA
L P<e/e0 (g5l ool 53 (Tukey's follow-up test)

b LT o 5 a5 Yo ased SPSS 153k 5

s Sslin 5 sl S S e e S0l

Wb S s LT 5 el Sl 3 i el 0 sl 5 el SIS e s oSl N Jpikr

ey 5

P-value V' e ks ¥ - ol Pl d s .
lA):JJ.d
/e Vo/0+1qY YA EVAY Yo/ YEYVY 10/0%\ A /’sjls
Gl 05 )
Oe) 3!

/e VAEV/EY V/YARA OV V/YAEA/VY Y/A£\Y/00 ~
e 15 5,559)
. 4 Cwglas

AR CJANEY/08 CJATEY/AY +/A0£/0 V0¥ N
(HOMA-IR)

FCOU PV W VPO P N o TSP PN %
41 Pathobiology Research, vol. 20 (2017), N0. 2 £


https://mjms.modares.ac.ir/article-30-6247-en.html

[ Downloaded from mjms.modares.ac.ir on 2025-06-13 ]

A s S

S8 (2952

# # A

Y

o
.
Y.
\e

"" peiteabs '\' o eitcals

b}Js

Ot s gy # P/ L;)bd_;mcla“ﬁd)x;sabfgc,..w;)l.sdzmdskxs\;ﬁj:-::':fNOJﬁCla“ﬂur]a;»J}d@z'\'}Y‘~ 560 Jse

P<./:\ dji:ﬁchszmdjd@é37~ 058 4 o I3 sme OO 3 gy A P/ é)l)@&cb-wJ)@h)d}ﬁﬂ{w).ﬁdm

05,5 sl el aia A Sy a8 TCR-Br sl
TCFP1 7 s slosnn [halS a4 s (glakds Vo o pod
e i35 0 el A (P=e/00)) s oy S 4 s
b aglie 53 TOF-BL Loy 7 slawr 53 Jlssme (2818 o
Oe3l s bl e 53 25 (P=2/000) Subis o5 8
SO akds T Y el Sbaes S e (S5 ek

A7 USE) (P=2/014) Al sdalin Hls oms

T b e alS e Sl G s

el e e Ll o s aia A Sy s VEGE lead
Y gl 03 855 VEGE ey = s (P=2/++4) Jlsias
baslie 53 515 fme ond o B N a3 g el adBs
ST el Sles S piamen LSS (P=1/10) Colis ey S
(Y UK2) P=2/0VE) Al sdalin s sme St 55 a2 35\

C}h_d Dl e bl e ol W OLL s

VEGF s chile

73 P e S5

Pl-d 2

e
O
$os
Yoo
Yoo
Voo

Y d..)u+__‘l4.a AR Jljaa-f-;_..ll:.\

055

SO sy # P (s e e 53 IS 035 4 e Ul e D 3y 3 VEGF o ey L e oy o5 ai3s e Y 3G Y IS

42

P<«/y ks)b&nchw):g;.gli:gjfyw)i:w

WAF gl ¥ 0 jlauk Y+ 090 (e ) el Concal (sLA GEA 9 52 £y


https://mjms.modares.ac.ir/article-30-6247-en.html

b sla i go Jo TGF-B1 gVEGF NO 7 shacu y3 Lk (43 ya3 il

73 P 0 S5

s3oms HPSY (s ne w53 U8 05, Sl s pme S 3 gy it T COF-BL oy s 3 bt oot o 3 aids W 50 bW IS
P<.a éjl:gduc]a.mﬁudjddﬁé:v' 058 4 S I3 sme OVt 3 g s A P/ 5)\:3NC&«)>¢HQ>UJ§A_!WJ|:&M\_§)&;>L1

s 5 bl poe Wb ' g .
Sl s e Shpdes o il D3 e 3

I3

[ Downloaded from mjms.modares.ac.ir on 2025-06-13 ]

NO ol 5 ad s Sulil a3 [V spdp s
St sl Sl 5 5 07 SLE (el o
a2y 2ale g2 L6l Olpsa Jlae Sl &S
53 Bt U8 o it iy Sl 513 Ol
o=l 31 aS sy b e gl sl 5 g B e e
S M T Ak e J2alS 1l Ll pl slaely ol
S o S S AU (B A RIS e Jelse
5 Slas 35 s NO s ol bl o as
Al e RS [ e (B e JU
(Nitric Oxide Synthase: NOS) jlzw LL.ST S 20
35T el ol an 4y NOS 45 5 55 o JL 581 Iy 3
Lies o5 NADPH SIS SaS' L 5 e 510
el S 555 2 NO lsl 5 opds er I & (it =
Osda ) NO w s B plusl Ll o 5555 ol
SV 0T 5 Ao 35 el NOS Ol 3 il
AnS1 g I3 Sl SlsT ST s (2l g b
31 5 (Superoxide dismutases: SOD) ;U sa—us>

«> ¢ (Glutathione peroxidase) ;.S 055558

43

Slsgme SalS o se ol Ll sdal s =
Cﬁl’—‘”JJJ‘J&‘” IR EWITR \APIREST | RPN
LM).} Yo WJ:MTGF'BI>) J:J)W‘ “ QAA}LL: ijg
nWMJ‘Wﬁj uL::(-L.D).) Y-\j-)u‘a)é YA
j(.\_,é).s \/\/Y/\).L&)J‘”\/\i ;,-JJJM) VEGF}NO
dﬂﬂch—ﬂﬂ&j(“)) \Y) d,:)j.w_:\ J;.MS JJ)) alsl
03 s Cobs o, S 4 o (Ao VA/VY) TGF-BI
SIS g Dloamn ok o 435 T GLS 1 8 S I
wéw\;;ugu.ua C,al.l.h angMw J.a\).& u.!“
TGF'}NO Jj_wcj.k_w)zd._és'\' jY“ 6L‘~: U’lj"J
Soda J.;U alie Ol sy Hls e OB 0 Bl
Lol o el aids ¥ Cote 30 Sl imsn ool oo ol

S o ole s gagesl cpl paids Ve 4 s

Pathobiology Research, vol. 20 (2017), N0. 2 £y


https://mjms.modares.ac.ir/article-30-6247-en.html

[ Downloaded from mjms.modares.ac.ir on 2025-06-13 ]

(Y10) UL 5 S pis (owsp 03 2l faghy s
23 b e Sl bl oo g ania A Oodeas  elinad o 63
o) [Ye] s s slac, 55 VEGF e o lde
233055 555 5315 Q5SS 58 (Y00F) O 5 (Lioyd)
03 s b el ol s 1 VEGE 0 Ol 5 o 8
55 (T 0L e 5 518l 6 e [T0] L5 S [i,lS e,
W3S s 1y Jlb b Ol e o VEGF o s ik
a5 Adedalle (ped 51 RS 4 S Dl pme (Rl &S
IAT sls 5508 1) Ay Ogep e Jaaldl b VL Saes
sdalle |y JalS L ol o s pde 5 Olddllas
sy anlllas 53 (YY) 0L San 5 asly o SC5 [Y0] s S
i 03,5 33 NO SVEGF  sleudl Ol disls 0L
S V0] Sl (gl ae OVt (J S 05 S L e slie
B s ey o3y axia sler LOT tass e i
S 5 3 Sl Y ) S5 S s
SIS L ol chile 1l s el ) i pde S
LL«;—}I;A_L&AJ_N;p@L:J 03 S [ ws S
Lol Lagssasl ol 5 o ped Sde 5 g5 55 Sslis
b oLis NO il slapadlSe 51 S S inl & a5
G b gl T Dl el deey e i s
5 A3l 4l VEGF il 3l el 55 5 NO iloa,
L35 o e 0o Ve Grmmen e I DS
53 423 3l 51 e O adlil o se e ils s O
e Sl A8 cole s s ol e glail
Node GVsk op s 5 AL Sl ey o BB cnl
LG 5t o)l s JlS Jals b e sla fige 5o sladds
=S Jslge a8 558 Com g (glaadn Yo o 05 iles
L]y 552 cwnp (NO 5 VEGF)
LS 53 (T 0hLSen 5 STS b sl b Gullas
Sl e gla fge ol TGR-BI CEM SENIpY
OLLSen 5 odad Y+ ] 45 S ataliie oo Jlab azin \Y

Slame falS (g5la o 0 ats Sl Sl s o Y\

44

S35 2952
(Y1 8) OLSan 5 o lly ol 55 [YY V] US e
St Sl 5l e 53 e NO Sl pne 15
Slalin ;s [YV] s S sdalin elizal o o3 azin
Aoy SIS S el 3 ab NO SLasl ilssl o0
Cble Bl s pol ash mli L aS [VA]
ol RS s 4 Ol e L Slled 1 3L e e NO
S b Sl B0 ST 5T el (i LS
S

A 21385 08 Slge 5 0k S Jelpe 555 b
oS S ol ge i 3lge i Esl Il 55,108
2 b 53 5 (e i) 358 o0 G155 0 i8S lee
SRl sl ol s (Base 5 b glagslen (23S
Jlse ol 2138, sl o S5 Jalse 4] b e
O (S cJled e (Hemodynamic)  SCelys sen
SIsle Jalse 5 Sl Gupe olmd 2l SIS 5 A
S 3l sy plads b 4 A] o LS, Lulse Ll
VEGF ity oo b o go o s i o
NSl g b bl slad phe (JLE N slad s
A ol sy 0L, slacil ps Jska oo
RIS ke bdy el gy s sl Rl
Ay O3y g8 aer Sl ady Ll 3l
Rl o GHHIGFL e (g5Ladled 5 (s 5 550 50)
$ibedls Ge b Sl nl 3 A5SS Jelse Ol
Phosphatidylinositol 3-) ;LS (s 5 s sl Jdslins
—— >3 (Protein kinas B) AKT ; (Kinase :IP3K
Hypoxa inducible ) .Ss.a saus LAl ele 20153
ol o S JI L Jele ol oS 545 e (factor: HIF
Sl 55550 OF 0l i3] s VEGF 00 505 i
5 23S Jelse 05 Ol I Esl Go b ool )
Solwdlmd gl Jele iy Ogay50 K5 (sl [YY]
155 o 50 e ) &S G NO W5 5 JLL 51 NOS

AWAF gl Y 0 jlac Y+ 090 e ) (seulinch coul (5La i 9 5 12


https://mjms.modares.ac.ir/article-30-6247-en.html

[ Downloaded from mjms.modares.ac.ir on 2025-06-13 ]

b sla i go Jo TGF-B1 gVEGF NO 7 shacu y3 Lk (43 ya3 il

GBI IS My e (48 v adr 2 5wl 4
ot Solee A8l 93 Ole 4wl 2 55 0 ped O
Llesls 0L Slalllas S o Jlosl Jsho Ay 5 oo 3
Smad 4 L, 5 5Lel Smad 2/3 L TG Slosply e
ke L) 5 55 5l Cmles OF sdes Cous 45T L o aslsl
5 ez il abs il psas Lol 51 ] e
Sl 2l Ol (sl | o G SVl oo 2alS
Ll o hiBs o Lt Sl yad plonil sy o iy 5Dl
alads T Sl ped (Js kS LA s ) ol
oo wliabe S a1 Sl il sll s
A sl ety Ol &S Gl ) ot S oS
sl 3 (5t gl e iy plonil s, 5 sl alad
o 0> Jolo nl &S ol 4z S L e 380 L
(el 035 plonil B L) 4505 o Lol & Seslul s
G slacos o 51 (S Sla sk sal Sl ealinad
salin bl i b Sl sl sed 05 S g Ol a8 ol
25 e (S
Sl Dl 5 Oy ol Slash b w5 L
P LIS e da s3] e 5 Solan 58 b line
TGF-B1 2als 5 VEGF 5NO i iy o - shaw
g5 55 Sals O w4 5 JUsl s e 350 o
Sl a5 a8 0ps Sl kil s By e OIS

Byhdo s gyl e (6l Olpea KlS e S

‘;‘.})u\s‘g ’gm)&’

Gl Ly ol Oliies Liass opl 53 oS LS 4S5

Lf'whjﬂ ;,_vjbu L;\_a)l_\:.o\b S Sl AVA-0 o)w

CIE . 3 JO e W P PR WY NS QN E A

45

b 51ITV] A S edalte TORBI (5500 7 sl 5o
SalS pde 55 (Y0)0) O, aa 5 (Fleenor) s ¢ S
Lol e oge s 55,8 OG0 TCOR-PT Oy s b e
TCF-B1 s Ol 53 i pde [1A] s S 3N
Blans TCR-BI by s 515 Ol 5 slafipe 8 3L
et a5 0138 18 (s Ddiad et ke Suta
TGF- 0l s 3L Julss [YA] sl b 3518 55 K5
S e Jalse e 51 S ONS o SE B
Glares S5 glad b 5 W36 Sk TGPy 0w - slaw
sl plas g sbay Y] davs e pad dile 05
by 055 0L Oop0 s i TPy Sledl 4 =l
O PR R LR V] KW ] IRCTR RV b SN
w5l 1 eal ol 5l TOR-By ils, L1y o S
Oliizs poman [P ] Lled oS OF oy C s b
35 sl e 8 O J S L 555 il el
ol oldllas 51 = 5 [V ] 55 0 TGF-B (g5l sl
NADPH oLy il 551 L (plieaST o il b5l sl
il 1 TGR-By ol SOD b 2als 5 5la S|
5548 3 Slast o1 ool TGR-BI BSls 3 e s
3155 s5lea Dby ped plamilly o SRl Oledl 4 maly
das e ialisl |y 0L oSt 5T CuB o by 5 s
(S s RIS 4 i 15 o Dy e 458l plonil [YY]
Jesle ol 85 - Ole OF Cdlaze 5 TGF-BL 05 MRNA
sz o3 [T 35d Ste GNSb el 0393 S 1
el 55 (laids Yo Sl jad Sl el sy slaal Lol
ladds VOl ol dw o hin 5530 50 a3
s @ Eals sl s 1 TER-BT ale, cuslss
et A0S S8 (glaids Yol s dibes O o e
i w s TOFBL oy rla 53 6 sdalie ol s

ain a wda Sia) Ol CllS LS g sba wad Ol

Pathobiology Research, vol. 20 (2017), N0. 2 £0


https://mjms.modares.ac.ir/article-30-6247-en.html

[ Downloaded from mjms.modares.ac.ir on 2025-06-13 ]

[1] Giugliano D, Ceriello A, Esposito K. Glucose
metabolism and hyperglycemia. Am J Clin Nutr
2008; 87(1): 217S-222S.

[2] Whiting DR, Guariguata L, Weil C, Shaw J.
IDF diabetes atlas: global estimates of the
prevalence of diabetes for 2011 and 2030.
Diabetes Res Clin Pract 2011; 94(3): 311-21.

[3] Hamilton ~ SJ, Watts GF.  Endothelial
dysfunction in  diabetes: pathogenesis,
significance, and treatment. Rev Diabet Stud
2013; 10(2-3): 133-56.

[4] White A, McKay GA, Fisher M. Drugs for
diabetes: part 9 prescribing for patients with
cardiac disease. Br J Cardiol 2012; 19: 85-9.

[5] Azadbakht L, Atabak S, Rajayee S, Zahedi M,
Tehrani M, Esmaillzadeh A. Soy protein intake,
cardiovascular risks, CRP-level and kidney
function among type 2 diabetic patients with
nephropathy. ZJRMS 2012; 14(2): 31-8.
(Persian)

[6] Ghardashi Afousi AR, Gaeini A, Gholami
Borujeni B. The effect of aerobic interval
training on endothelial vasculature function in
type 2 diabetes patient. IJRN 2016; 2(3): 27-39.
(Persian)

[7] Giacco F, Brownlee M. Oxidative stress and
diabetic complications. Circ Res 2010; 107(9):
1058-70.

[8] Mehri Alvar Y, Sayevand Z, Erfani Adab. F,
Heydari Moghadam R, Samavat Sharif MA,
Karami S. The effects of five weeks’ resistance
training on some vascular growth factors in
sedentary men. Sport Physiology 2016; 8(29):
15-30. (Persian)

S35 2952

b

[9] Salehi E, Amjadi FS, Khazaei M. Angiogenesis
in Health and Disease: Role of Vascular
Endothelial Growth Factor (VEGF). Journal of
Isfahan  Medical School (1L.LUM.S) 2011;
29(132): 213-26. (Persian)

[L0] Satoh M, Fujimoto S, Horike H, Ozeki M,
Nagasu H, Tomita N, Sasaki T, Kashihara N.
Mitochondrial damage-induced impairment of
angiogenesis in the aging rat kidney. Lab Invest
2011; 91(2): 190-202.

[L1] Habibian M, Saghafi, MR, Farzanegi P.
The Effect of Regular Swimming Exercise on
the Levels of Renal Matrix Mettaloproteinase-
2 and Transforming Growth Factor-f1 in Rats
with Diabetes. Journal of Kerman University
of Medical Sciences 2016; 23(4): 446-56.
(Persian)

[12] Ruiz-Torres MP, Bosch RJ, O'Valle F, Del
Moral RG, Ramirez C, Masseroli M, Pérez-
Caballero C, Iglesias MC, Rodriguez-Puyol M,
Rodriguez-Puyol D. Age-related increase in
expression of TGF-betal in the rat kidney:
relationship to morphologic changes. J Am Soc
Nephrol 1998; 9(5): 782-91.

[13] Ferrari G, Cook BD, Terushkin V, Pintucci
G, Mignatti P. Transforming growth factor-beta
1 (TGF-betal) induces angiogenesis through
vascular endothelial growth factor (VEGF)-
mediated apoptosis. J Cell Physiol 2009;
219(2): 449-58.

[14] Mendias CL, Gumucio JP, Davis ME,
Bromley CW, Davis CS, Brooks SV.
Transforming growth factor-beta induces

skeletal muscle atrophy and fibrosis through the

46 AWAF gl Y 0 jlac Y+ 090 e ) (seulinch coul (5La i 9 5 ta


https://mjms.modares.ac.ir/article-30-6247-en.html

[ Downloaded from mjms.modares.ac.ir on 2025-06-13 ]

b sla i go Jo TGF-B1 gVEGF NO 7 shacu y3 Lk (43 ya3 il

induction of atrogin-1 and scleraxis. Muscle
Nerve 2012; 45(1): 55-9.

[15] Shekarchizadeh P, Khazaei M, Gharakhanlou
R, Karimian J, Safarzadeh A. The effects of
resistance training on plasma angiogenic factors
in normal rats. Journal of Isfahan Medical
School 2012; 30(176): 1-9. (Persian)

[16] Cully M, Downward J. Translational
responses to growth factors and stress. Biochem
Soc Trans 2009; 37(Pt 1): 284-8.

[17] Green DJ, Spence A, Halliwill JR, Cable
NT, Thijssen DH. Exercise and vascular
adaptation in asymptomatic humans. BExp
Physiol 2011; 96(2): 57-70.

[18] Maiorana A, O'Driscoll G, Cheetham C,
Dembo L, Stanton K, Goodman C, Taylor R,
Green D. The effect of combined aerobic and
resistance exercise training on vascular function
in type 2 diabetes. J Am Coll Cardiol 2001,
38(3): 860-6.

[19] Fleenor BS, Marshall KD, Durrant JR,
Lesniewski LA, Seals DR. Arterial stiffening
with ageing is associated with transforming
growth factor-Bl1-related changes in adventitial
collagen: reversal by aerobic exercise. J Physiol
2010; 588(Pt 20): 3971-82.

[20] Kwak HB, Kim JH, Joshi K, Yeh A,
Martinez DA, Lawler JM. Exercise training
reduces fibrosis and matrix metalloproteinase
dysregulation in the aging rat heart. FASEB J
2011; 25(3): 1106-17.

[21] Bazyar F, Banitalebi E, Amirhosseini SE.
The Comparison of Two Methods of Exercise
(intense interval training and concurrent
resistance- endurance training) on Fasting

Sugar, Insulin and Insulin Resistance in Women
47

with Mellitus Diabetes. Armaghane Danesh
2016; 21(2): 123-34. (Persian)

[22] Jalali Z, Dabidi Roshan V. The effect of
reqular endurance exercises and galbanum
supplement on vascular function during chronic
hypertension in male wistar rats. Sport
Biosciences (Harakat) 2014; 6(1): 95-113

[23] Poulaki V, Joussen AM, Mitsiades N,
Mitsiades CS, lliaki EF, Adamis AP. Insulin-
like growth factor-1 plays a pathogenetic role in
diabetic retinopathy. Am J Pathol 2004; 165(2):
457-69.

[24] Bashiri J, Gaeini AA, Hadi H. Endurance
training affects muscular angiogenesis and
serum VEGF concentration in diabetic rats.
Koomesh 2015; 17(1): 123-32. (Persian)

[25] Lloyd PG, Prior BM, Yang HT, Terjung RL.
Angiogenic growth factor expression in rat
skeletal muscle in response to exercise training.
Am J Physiol Heart Circ Physiol 2003; 284(5):
H1668-78.

[26] Gu JW, Gadonski G, Wang J, Makey I,
Adair TH. BExercise increases endostatin in
circulation of healthy volunteers. BMC Physiol
2004; 4. 2.

[27] Eslami AH, Habibian M, Farzanegi P. Effect
of swimming exercise and garlic extract
consumption on some of growth factors
involved in angiogenesis and neurogenesis in
the brain tissue of old rats. Daneshvar Med
2016; 23(121): 13-20. (Persian)

[28] Czarkowska-Paczek B, Zendzian-Piotrowska
M, Bartlomiejczyk |, Przybylski J, Gorski J. The
effect of acute and prolonged endurance exercise
on transforming growth factor-betal generation

in rat skeletal and heart muscle. J Physiol

Pathobiology Research, vol. 20 (2017), N0. 2 Ly


https://mjms.modares.ac.ir/article-30-6247-en.html

[ Downloaded from mjms.modares.ac.ir on 2025-06-13 ]

Pharmacol 2009; 60(4): 157-62.

[29] Khadivi Borujeny A, Marandi M, Haghjooy
Javanmard S, Rajabi H, Khadivi Borujeny Z,
Khorshidi Behzadi M. Effect of eight weeks of
resistance training on some signaling factors
effecting on the satellite cell in wistar rats.
Journal of Isfahan Medical School 2012;
30(207): 1-12.

[30] Glass DJ. Signalling pathways that mediate
skeletal muscle hypertrophy and atrophy. Nat
Cell Biol 2003; 5(2): 87-90.

[31] Hering S, Jost C, Schulz H, Hellmich B,
Schatz H, Pfeiffer H. Circulating transforming
growth factor betal (TGF betal) is elevated by

48

S35 2952
extensive exercise. Eur J Appl Physiol 2002; 86:
406-10.

[32] Czarkowska-Paczek B, Bartlomiejczyk |1,

Przybylski J. The serum levels of growth
factors: PDGF, TGF-beta and VEGF are
increased after strenuous physical exercise. J
Physiol Pharmacol 2006; 57(2): 189-97.

[33] Moghadam V, Peeri M, Azarbijany MA,

Matin homaee H. The protective effect of
aerobic exercise on breast cancer by TGFf
protein and Smad and MMP2 gene in femal
mice. Scientific Journal of Kurdistan University
of Medical Sciences 2017; 22(3): 60-73.

(Persian)

AWAF gl Y 0 jlac Y+ 090 e ) (seulinch coul (5La i 9 5 A


https://mjms.modares.ac.ir/article-30-6247-en.html
http://www.tcpdf.org

